fllc

Transportation Association of Canada

Primer

Synthesis of Practices of
Geometric Design for Special Roads

Introduction

“Special roads” is a category for roads that tends not to fit into the
standard definition for either urban or rural roadways. In design guide-
lines and research publications, special roads are often referred to as
“low-volume roads” (LVR), although volumes are only one criterion for
designating a roadway as a special road. Other important criteria
related to special roads include function, seasonality, traffic composi-
tion and roadway structure. Examples of special roads (besides LVR)
include recreational roads (scenic and seasonal, including park,
campground, winter lodge, cottage and beach access), resource
access roads (including mining, petroleum and logging access) and
winter roads (made of ice and snow), amongst others.

Special roads surveys were sent to transportation officials and aca-
demics throughout Canada and the United States. An extensive re-
view of recent research publications from around the world related to
special roads was also carried out. In the final sections of the docu-
ment, all of the individual components were combined to produce a
complete synthesis of special roads, including jurisdictional practices
throughout Canada, the United States and the rest of the world.

Special Roads Guidelines

Canada

A review of current design guidelines being used by Canadian jurisdic-
tions revealed that, while several have comprehensive guidelines
regarding special roads, more specifically low-volume roads (LVR),
most provinces and territories have very limited guidance on the topic
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and either address these situations on a project-by-project basis or
rely on guidelines from the 1986 Transportation Association of Canada
Geometric Design Guide for Canadian Roads (see Table 1, below).

Table 1-  Special Roads Guidelines:
Canadian Provinces and Territories

Jurisdictional Reference to

Province/ Territory Guidelines 1986 TAC Guide
Alberta Comprehensive Yes
British Columbia Comprehensive Yes
Manitoba Formal yet Limited Yes
New Brunswick No Yes
Newfoundland No Yes

and Labrador

Northwest Territories Informal Yes
Nova Scotia Formal yet Limited Yes
Nunavut No Yes
Ontario Minimal Yes
Prince Edward Island No Yes
Quebec Formal yet Limited Yes
Saskatchewan Comprehensive Yes
Yukon Informal Yes

United States

A literature review was completed for design guidelines and other
relevant material regarding low-volume and other Special Roads
within the United States. Documents were found for all 50 states;
however, many of the documents do not contain geometric design
criteria specific to Special Roads. The search revealed that 15 of the
states have their own in-house geometric design guidelines for Spe-
cial Roads; eight of these fifteen States also make reference to
AASHTO'’s 2001 Guidelines for Geometric Design of Very Low-Vol-
ume Local Roads. Six US states that do not have their own Special
Roads guidelines make specific reference to the 2001 AASHTO guide
as their exclusive source for design guidelines for these types of
roads.
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Other key design guides that are referenced by state-specific manuals
include the Roadside Design Guide (AASHTO), the Guide for Design
of Pavement Structures (AASHTO), A Policy on Geometric Design of
Highways and Streets (AASHTO, 2011 Green Book), and the Highway
Capacity Manual (TRB, 2010).

The US Fish and Wildlife Service has issued a roadway design docu-
ment which focuses on Special Roads within national wildlife refuges.
Likewise, the US National Park Service has issued a Park Road
Standards document which is a well-developed resource for geometric
design of park roads.

Australasia

The standard resource for road design in Australia and New Zealand
is the Austroads Guide to Road Design which is an extensive series of
documents jointly developed between 2006 and 2011. Each Australian
state and territory, and all of New Zealand have adopted this guide as
their primary roadway design standard; although, it should be noted
that New Zealand previously had their own design guide (dated 2003)
that made specific reference to low-volume roads.

United Kingdom & Ireland

The Design Manual for Roads and Bridges developed by the Depart-
ment for Transport in the United Kingdom has been adopted by all
countries within the UK (England, Scotland, Wales, and Northern
Ireland). While the manual does not specifically use the term “low-
volume roads”, it does directly address design standards associated
with low-volume, park and recreational, and non-motorized traffic
routes.

Other Countries

A key document that provides guidelines for the design of low-volume
roads in Africa is entitled Guideline: Low-volume Sealed Roads. This
document was prepared for the Southern African Development Com-
munity (SADC) in July 2003. Countries which have adopted these
guidelines include Angola, Botswana, the Democratic Republic of
Congo, Lesotho, Malawi, Maurithus, Mozambique, Namibia, Sey-
chelles, South Africa, Swaziland, Tanzania, Zambia, and Zimbabwe.
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Jurisdictional Survey

For this Study, an online survey was developed and distributed to
select stakeholders in Canada and in the United States to develop an
understanding of the Special Road design guidelines being used
throughout the industry and experiences related to those guidelines.
The survey questions included in this Study were developed in close
consultation with the Transportation Association of Canada (TAC)
Project Steering Committee (PSC).

While different jurisdictions and companies view the issues related to
Special Roads at different levels of priority, it is clear that most Cana-
dian provinces and territories would like to have structured, specific
Special Roads guidelines available. Representatives of Canadian
jurisdictions that were contacted directly for this Project have unani-
mously expressed that they wish to be able to make individual design
decisions, using the national guidelines as a technical resource, on a
project-by-project basis.

Special Roads Design Criteria

Classifications

Special Roads are classified, defined, and described differently de-
pending on the jurisdiction in which the design criteria have been
established. Canadian jurisdictions tend to refer to Special Roads as
recreational roads, resource access roads, service roads, local roads,
property access roads, and, more commonly, low-volume roads. In the
United States, jurisdictions tend to refer to Special Roads as local
roads, private roads, recreational and scenic roads, resource recovery
roads, agricultural access roads, and very low-volume roads.

Traffic Volumes

In general, throughout North America, Special Roads, or more specifi-
cally low-volume roads (LVR) tend to include roadways with Average
Daily Traffic (ADT) volumes of 400 vehicles or less; however, there are
variations in these classification criteria on a jurisdiction-by-jurisdic-
tional basis.

Design Speeds

Throughout North America, jurisdictions have been using design
speeds ranging from 30 to 110 km/h for Special Roads, although
maximum design speeds for these roadways tend to be in the 70 to 90
km/h range.

Other Design Criteria

Other design elements related to Special Roads which have been
included in various Canadian and US jurisdictional highway design
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guidelines include, but are not limited to right-of-way, Clear Zones,
lane widths, ditches, vertical and horizontal alignments, and stopping
sight distance.

Design Guides and Manuals

AASHTO Policy on Highways and Streets (2011)

In the recently published 2011 AASHTO “Green Book” there is a
relatively short section which discusses “Special Roads.” In this sec-
tion, AASHTO presents the following three functional classes of Spe-
cial Roads, each one defined by its function and special design crite-
ria: Recreation Roads, Resource Recovery Roads, and Very Low-
Volume Local Roads (ADT d” 400). This document refers the designer
to the 2001 AASHTO Geometric Design of Very Low-Volume Local
Roads (ADT d” 400), described below.

AASHTO Guidelines for Very Low-Volume Local Roads (2001)

This set of guidelines, which was developed by the US Standing
Committee on Highways, addresses many concerns related to Special
Roads, more specifically very low-volume rural and urban local
roadways with ADT less than 400 vpd. Chapters 1 to 3 of these guide-
lines present a background and scope of very low-volume roads
(VLVR) in the United States, explaining that these types of roadways
account for a large portion of the American highway system.

AASHTO regularly states that the guidelines are to be implemented in
conjunction with the engineering judgment of the designer involved.

TAC Geometric Design Guide (1999)

The 1999 TAC Geometric Design Guide for Canadian Roads (the
most recent such guide published by TAC) includes design principles
that are broader and more current than the 1986 TAC manual. How-
ever, the 1999 TAC guide does not include a chapter exclusively
discussing Special Roads or LVR-specific design principles. In fact,
throughout the entire 1999 guide, design criteria specific to Special
Roads is extremely limited.

TAC Guidelines for Winter Roads (2011)

Winter roads are another, important category of Special Roads. The
purpose of the TAC guidelines on winter roads is to educate the
reader on the history and purpose of winter roads and to provide
guidelines on how to construct and maintain these Special Roads.
This document explains that “winter roads play an important role
servicing remote communities with all-weather road access within the
territories and northern regions of Canadian provinces.” These tempo-
rary roadways are less-expensive alternatives to building and main-
taining permanent roads, although they are usually only traversable
for a few winter months.
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TAC Manual of Geometric Design Standards (1986)

The 1986 version of the Transportation Association of Canada (TAC)
Geometric Design Guide included Chapter H: Low-Volume Roads,
which provided design guidelines for roads with volumes (ADT) less
than 200 vehicles per day. Three main classifications of Special Roads
were addressed in these guidelines: Rural System Roads, Recrea-
tional Roads, and Resource Development Roads. These guidelines
were relatively comprehensive and included parameters for design
speeds, horizontal and vertical alignments, sight distances, cross-
sectional elements, clear zones, and roadside barrier applications.
The primary purpose of these guidelines was to address inconsisten-
cies among jurisdictions in the treatment of LVR and to standardize
road requirements as they relate to service function.

Throughout this Study, it was found that Chapter H in the 1986 TAC
guide provided the most comprehensive design guidelines for Special
Roads compared to any other design document available in Canada
or the United States.Research Articles

This Project included a synthesis of more than 40 literature sources,
including geometric design guides, journal articles, conference pro-
ceedings, and jurisdictional standards. They represent a broad geo-
graphic area, including North America, Scandinavia, Southern Europe,
East Africa, South Africa, Australasia, and South Asia.

The key findings of this research synthesis are:

B A major longevity concern for Special Roads, especially those
without a paved surface, is drainage. Without proper drainage,
unpaved roads will usually deteriorate quite quickly.

m  Using superior materials will reduce the lifetime costs of Special
Roads due to lower maintenance costs.

m Design guides must be non-prescriptive, as the needs of each
Special Road are unique. These roads must be designed and
treated holistically, on a project-by-project basis, using engineering
judgment.

B Special Roads should be planned with the design requirements of
potential future upgrades considered.

® Environmental impact should be a key consideration when plan-
ning, designing, and maintaining Special Roads.

This research synthesis has established that the majority of Special
Roads design guides and other related documents provide lenience in
the design of Special Roads. This lenience allows for more design and
construction efficiency than would be observed with strict guidelines.
In addition, through further research into more efficient construction
and maintenance methodologies for Special Roads, transportation
funding can be focused into more critical and high-cost areas such as
bridges and highways.
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Summary

Discussion

Itis clear that, while most Canadian provinces and territories would
like to have structured, specific Special Roads guidelines available,
representatives of all of the Canadian jurisdictions contacted for this
Study have unanimously expressed that they wish to be able to make
individual design decisions, using the national guidelines as a techni-
cal resource, on a project-by-project basis. Often times, these jurisdic-
tions must weigh safety, environmental, and budgetary factors when
deciding how to approach each project; and with Special Roads, there
is a wide array of geometric, environmental, and functionality issues,
which must be considered when making planning and design choices.

An important component of this Study was to make a comparison
between current, Canadian jurisdictional documents related to Special
Roads and those presented in TAC and AASHTO geometric design
guidelines. This process helped identify which geometric features of
Special Roads are already addressed in Canadian design guidelines,
which topics have not been addressed, and which issues require
specific attention and, perhaps, additional investigation, should a new
section on the geometric design of Special Roads be included in
future TAC publications.

Conclusions

The following conclusions have been made based on the guidelines,
practices, and research efforts presented and discussed in this Re-
port.

1. Special Roads exist in all 10 provinces and 3 territories of Canada.
These roadways represent 75 to 80% of all Canadian roadways
and, therefore must be considered an important topic of concern
for Canadian highway designers and government agencies, at all
levels.

2. Most guidelines presented in Special Roads-related design docu-
ments emphasize the importance of engineering judgment where
addressing issues related to new or existing Special Roads. All
project-related issues, including cost and constructability must be
considered when making decisions related to these roadways.
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Disclaimer

The material presented in this report was carefully researched and
presented. However, no warranty expressed or implied is made on
the accuracy of the contents or their extraction from reference to
publications; nor shall the fact of distribution constitute responsibility
by TAC or any researchers or contributors for omissions, errors or
possible misinterpretations that may result from use or interpretation
of the material contained herein.

Transportation Association of Canada

2323 St. Laurent Blvd., Ottawa, ON K1G 4J8
Tel. (613) 736-1350 Fax: (613) 736-1395
www.tac-atc.ca

8 May 2013









































































































































































































































































































































































































































































































































































































































































































































































































ENGINEER RECONNAISSANCE REPORT PAGE OF PAGES

For use of the form, see FM 5-170; the proponent agency is TRADOC.

TO FROM

FILE NO PARTY LEADER (Name, Grade, Unit) | PLACE-HOUR-DATE
REPORT NO

MAPS SCALE

DELIVER TO (Organization, Place, Hour, and Date)

TIME WORK
KEY OBJECT OBSERVED | ESTIMATE ADDITIONAL REMARKS AND SKETCH

Engineer Work Estimate On Other Side

TYPED NAME, GRADE, ORGANIZATION SIGNATURE

DA FORM 1711-R, MAR 98 (PREVIOUS EDITION IS OBSOLETE)











































































































































































510 LOW-VOLUME ROADS

LOW-VOLUME ROADS CHAPTER

2) Minimum Passing Sight Distance (PSD)

Refer to Section 320.03 for a discussion of Passing Sight
Distance. On two-lane two-way LVRs, the passing sight
distance is not considered to be a crucial minimum design
element. However, it is recommended and desirable to
provide PSD as often as economically feasible on low-
volume roads, most of which serve long distance trips and
have a design speed of 80 km/h or higher. Table 510.D
below gives the passing sight distances for LVRs.

To reduce opportunities for unsafe passing maneuvers on
long sections without PSD, the designer may consider
providing slow moving vehicle pull-outs.

Table 510.D Min. PSD Low-volume Roads

Design Speed PSD
km/h m
30 250
40 290
50 340
60 420
70 480
80 560
90 620

3) Decision Sight Distance (DSD)

Decision sight distance (DSD) is not a requirement which
is cost-effective on LVRs. See Section 320.04 for
discussion of DSD. DSD should be considered,
particularly near intersections, if no additional costs are
incurred.

HORIZONTAL
ALIGNMENT

510.05

The same principles are used for LVRs as for two lane
roads of higher classification. Refer to Section 330 for a
general discussion on horizontal alignment.

Side friction factors for gravel roads are taken to be the
same as the side friction factors for wet pavement
conditions. Table 330.A gives the maximum values for
safe side friction for speeds of 40 km/h and higher. The
maximum side friction value used for a design speed of
30 km/h is 0.17.

Design superelevation rates are discussed in Section 330.
The normal cross fail is 0.02 m/m on paved roads and
0.04 m/m on gravel roads. Maximum superelevation rates
of 0.06 or 0.08 are used on LVRs.

Figures 510.E and 510.F show the superelevation and
minimum spiral lengths where a maximum superelevation
of 0.06 is used on LVRs with a normal cross fall of 0.02
and 0.04 respectively. Figures 510.G and 510.H are for a
maximum superelevation of 0.08.

For consistency, use the same chart for all horizontal
curves on the same highway or homogenous road section.
A homogenous road section starts and ends when there is
a clear break in the driving environment. This may
happen at a major junction, a destination point such as a
populated settlement or a major change in topography.

Intersections and accesses should not be located on curves
which have a superelevation higher than 0.06.

On LVRs which are designed for speeds greater than 40
kmv/h, spirals should be used. For design speeds of 30 and
40 km/h, the use of spirals is optional. Refer to the TAC
Figure H.3.3.1 for development of superelevation without
spirals and Figure H.3.3.2 for development with spirals.

December, 1994
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LOW-VOLUME ROADS CHAPTER 510 LOW-VOLUME ROADS

Figure 510.E Superelevation Chart for E Max. 0.06 m/m
Normal Crown 0.02 m/m For Paved Roads

Speed 30 40 50 60 70 80 90
Radius e Ls e Ls e Ls e Ls e Ls e Ls e Ls Radius
8000 NC NC NC NC NC NC NC 8000
5000 NC NC NC NC NC NC NC 5000
3000 NC NC NC NC NC RC 40 RC 50 3000
2000 NC NC NC NC RC 40 RC 40 0.023 50 2000
1500 NC NC NC RC 40 0.020 40 0.024 40 0.029 50 1500
1200 NC : NC NC RC 40 0.023 40 0.028 40 0.033 50 1200
1000 NC NC RC 30 0.021 40 0.027 40 0.032 40 0.037 50 1000
900 NC NC RC 30 0.023 40 0.028 40 0.034 40 0.039 50 900
800 NC NC RC 30 0.025 40 0,031 40 0.036 40 0.042 50 800
700 NC NC 0.021 30 0.027 40 0.033 40 0.039 40 0.045 50 700
650 NC RC 30 0.022 30 0.029 40 0.035 40 0.041 40 0.046 50 650
600 NC RC 30 0.023 30 0.030 40 0.037 40 0.042 40 0.048 50 600
550 NC RC 30 0.025 30 0.032 40 0.038 40 0.044 40 0.050 SO 550
525 NC RC 30 0.026 30 0.033 40 0.039 40 0.045 40 0.051 50 525
500 NC RC 30 0.027 30 0.034 40 0.040 40 0.046 40 0.052 50 500
475 NC 0.020 30 0.028 30 0.035 40 0.041 40 0.047 40 0.053 60 475
450 NC 0.021 30 0.029 30 0.036 40 0.043 40 0.049 50 0.054 60 450
425 NC 0.022 30 0.030 30 0.037 40 0.044 40 0.050 50 0.055 60 425
400 NC 0.023 30 0.031 30 0.038 40 0.045 40 0.051 50 0.057 70 400
380 RC 30 0.024 30 0.032 30 0.039 40 0.046 40 0.052 50 0.058 70 380
360 RC 30 0.025 30 0.033 30 0.041 40 0.047 40 0.053 50 0.059 70 360
340 RC 30 0.026 30 0.034 30 0.042 40 0.048 40 0.054 50 0.060 80 340
320 RC 30 0.027 30 0.035 30 0.043 40 0.050 40 0.056 60 Min R 340m
300 RC 30 0.028 30 0.037 30 0.044 40 0.051 40 0.057 60
290 RC 30 0.028 30 0.037 30 0.045 40 0.052 40 0.057 60
280 RC 30 0.029 30 0.038 30 0.046 40 0.052 50 0.058 70
270 0.020 30 0.030 30 0.039 30 0.047 40 0.053 50 0.059 70
260 0.020 30 0.030 30 0.040 30 0.047 40 0.054 50 0.059 70
250 0.021 30 0.031 30 0.040 30 0.048 40 0.055 50 0.060 70
240 0.022 30 0.032 30 0.041 30 0.049 40 0.055 50 Min R 250m
230 0.022 30 0.033 30 0.042 30 0.050 40 0.056 60
220 0.023 30 0.034 30 0.043 30 0.051 40 0.057 60
210 0.024 30 0.035 30 0.044 30 0.052 40 0.058 60
200 0.025 30 0.036 30 0.045 30 0.053 40 0.059 60
190 0.026 30 0.037 30 0.046 30 0.054 40 0.060 70
180 0.027 30 0.038 30 0.047 40 0.055 40 Min R 190m
170 0.028 30 0.039 30 0.048 40 0.056 350
160 0.029 30 0.040 30 0.049 40 0.057 50
150 0.030 30 0.041 30 0.051 40 0.058 50
145 0.031 30 0.042 30 0.051 40 0.059 S0
140 0.031 30 0.043 30 0.052 40 0.059 50
135 0.032 30 0.044 30 0.053 40 0.060 60
130 0.033 30 0.044 30 0.054 40 Min R 135m
125 0.033 30’ 0.045 30 0.054 40
120 0.034 30 0.046 30 0.055 40
115 0.035 30 0.047 30 0.056 40
110 0.036 30 0.048 30 0.057 40
105 0.037 30 0.049 30 0.057 50
160 0.038 30 0.050 30 0.058 50
95 0.039 30 0.051 30 0.059 50
90 0.040 30 0.052 40 0.060 50
85 0.041 30 0.053 40 Min R 90m
80 0.042 30 0.054 40
75 0.044 30 0.055 40
70 0.045 30 0.056 40
65 0.047 30 0.058 40
60 0.048 30 0.059 40
55 0.050 30 0.060 40
50 0.052 30 Min R 55m
45 0.054 30
40 0.056 30
35 0.058 30
30 0.060 30

Min R 30m
Highway Engineering 510 LOW-VOLUME ROADS December, 1994
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Figure510.F Superelevation Chart for E Max. 0.06 m/m
Normal Crown 0.04 m/m For Gravel Surfaces

Speed 30 40 50 60 70 80 90

Radius e Ls e Ls e Ls e Ls e Ls e Ls e Ls Radius
8000 NC NC NC NC NC NC NC 8000
5000 NC NC NC NC NC NC RC 5000
3000 NC NC NC NC RC 40 RC 40 RC 50 3000
2000 NC NC NC RC 40 RC 40 RC 40 RC 50 2000
1500 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 1500
1200 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 1200
1000 NC NC RC | 30 RC 40 RC 40 RC 40 RC 50 1000
900 NC RC 30 RC 30 RC 40 RC 40 RC 40 RC 50 900
800 NC RC 30 RC 30 RC 40 RC 40 RC 40 0.042 50 800
700 NC RC 30 RC 30 RC 40 RC 40 RC 40 0.045 50 700
650 NC RC 30 RC 30 . RC 40 RC 40 0.041. 40 0.046 50 650
600 NC RC 30 RC 30 RC 40 RC 40 0.042 40 0.048 506 00
550 RC 30 RC 30 RC 30 RC 40 RC 40 0.044 40 0.050 5 550
525 RC 30 RC 30 RC 30 RC 40 RC 40 0.045 40 0.051 50 525
500 RC 30 RC 30 RC 30 RC 40 RC 40 0.046 40 0.052 50 500
475 RC 30 RC 30 RC 30 RC 40 0.041 40 0.047 40 0.053 60 475
450 RC 30 RC 30 RC 30 RC 40 0.043 40 0.049 50 0.054 60 450
425 RC 30 RC 30 RC 30 RC 40 0.044 40 0.050 50 0.055 60 425
400 RC 30 RC 30 RC 30 RC 40 0.045 40 0.051 50 0.057 70 400
380 RC 30 RC 30 RC 30 RC 40 0.046 40 0.052 50 0.058 70 380
360 RC 30 RC 30 RC 30 0.041 40 0.047 40 0.053 50 0.059 70 360
340 RC 30 RC 30 RC 30 0.042 40 0.048 40 0.054 50 0.060 80 - 340
320 RC 30 RC 30 RC 30 0.043 40 0.050 40 0.056 60 Min R 340m

300 RC 30 RC 30 RC 30 0.044 40 0.051 40 0.057 60

290 RC 30 RC 30 RC 30 0.045 40 0.052 40 0.057 60

280 RC 30 RC 30 RC 30 0.046 40 0.052 50 0.058 70

270 RC 30 RC 30 RC 30 0.047 40 0.053 50 0.059 70

260 RC 30 RC 30 RC 30 0.047 40 0.054 50 0.059 70

250 RC 30 RC 30 RC 30 0.048 40 0.055 50 0.060 70

240 RC 30 RC 30 0.041 30 0.049 40 0.055 50 Min R 250m

230 RC 30 RC 30 0.042 30 0.050 40 0.056 60

220 RC 30 RC 30 0.043 30 0.051 40 0.057 60

210 RC 30 RC 30 0.044 30 0.052 40 0.058 60

200 RC 30 RC 30 0.045 30 0.053 40 0.059 60

190 RC 30 RC 30 0.046 30 0.054 40 0.060 70

180 RC 30 RC 30 0.047 40 0.055 50 Min R 190m

170 RC 30 RC 30 0.048 40 0.056 50

160 RC 30 RC 30 0.049 40 0.057 50

150 RC 30 0.041 30 0.051 40 0.058 50

145 RC 30 0.042 30 0.051 40 0.059 50

140 RC 30 0.043 30 0.052 40 0.059 50

135 RC 30 0,044 30 0.053 40 0.060 60

130 RC 30 0.044 30 0.054 40 Min R 135m

125 RC 30 0.045 30 0.054 40
120 RC 30 0.046 30 0.055 40
1S RC 30 0.047 30 0.056 - 40
110 RC 30 0.048 30 0.057 40

95 RC 30 0.051 30 0.059 50
920 RC 30 0.052 40 0.060 50
85 0.041 30 0.053 40 Min R 90m
80 0.042 30 0.054 40
75 0.044 30 0.055 40
70 0.045 30 0.056 40
65 0.047 30 0.058 40
60 0.048 30 0.059 40
55 0.050 30 0.060 40
50 0.052 30 Min R 55m
45 0.054 30
40 0.056 30
35 0.058 30
30 0.060 30
Min R 30m
December, 1994 510 LOW-VOLUME RQADS Highway Engineering
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Figure 510.G Superelevation Chart for E Max. 0.08 m/m
Normal Crown 0.02 m/m For Paved Roads

Speed _ 30 40 50 60 70 80 90
Radius e Ls e Ls e Ls e Ls e Ls e Ls e Ls Radius
8000 NC NC NC NC NC NC NC 8000
5000 NC NC NC NC NC NC NC 5000
3000 NC NC NC NC RC 40 RC 40 RC 50 3000
2000 NC NC NC RC 40 RC 40 0.021 40 0.026 50 2000
1500 NC NC RC 30 RC 40 0.021 40 0.027 40 0.032 50 1500
1200 NC NC RC 30 0.020 40 0.026 40 0.031 40 0.038 50 1200
1000 NC NC RC 30 0.023 40 0.029 40 0.036 40 0,043 50 1000
900 NC RC 30 RC 30 0.025 40 0.032 40 0.039 40 0.046 50 900
800 NC RC 30 0.020 30 0.027 40 0.035 40 0.042 40 0.049 50 800
700 NC RC 30 0.023 30 0.030 40 0.038 40 0.046 40 0.053 50 700
650 NC RC 30 0.024 30  0.032 40 0.040 40 0.048 40 0.056 50 650
600 NC RC 30 0.026 30 0.034 40 0.042 40 . 0.050 40 0.058 50 600
550 NC RC 30 0.028 30 0.036 40 0.045 40 0.053 40 0.061 50 550
525 NC RC 30 0.029 30 0.037 40 0.046 40 0.054 40 0.063 50 525
500 NC 0.021 30 0.030 30 0.039 40 0.048 40 0.056 50 0.064 50 500
475 NC 0.022 30 0.031 30 0.040 40 0.049 40 0.058 50 0.066 60 475
450 NC 0.023 30 0.032 30 0.042 40 0.051 40 0.059 50 0.068 ° 60 450
425 NC 0.024 30 0.033 30 0.043 40 0.052 40 0.061 50 0.069 60 425
400 NC 0.025 30 0.035 30 0.045 40 0.054 40 0.063 50 0.071 70 400
380 RC 30 0.026 30 0.036 30 0.046 40 0.056 40 0.065 50 0.073 70 380
360 RC 30 0.027 30 0.038 30 0.048 40 0.057 40 0.066 50 0.075 70 360
340 RC 30 0.028 30 0.039 30 0.050 40 0.059 40 0.068 60 0.077 80 340
320 RC 30 0.029 30 0.041 30 0.051 40 0.061 40 0.070 60 0078 80 320
300 RC 30 0.031 30 0.042 30 0.053 40 0.063 50 0.072 60 0.080 90 300
290 0.020 30 0.032 30 0.043 30 0.054 40 0.064 50 0.073 70 Min R 300m
280 0.021 30 0.033 30 0.044 30 0.055 40 0.065 50 0.074 70
270 0.021 30 0.033 30 0.045 30 0.056 40 0.066 " 50 0.075 70
260 0.022 30 0.034 30 0.046 30 0.058 40 0.068 50. 0.076 70
250 0.023 30 0.035 30 0.048 30 0.059 40 0.069 50 0077 70
240 0.024 30 0.036 30 0.049 30 0.060 40 0.070 50 0.079 80
230 0.024 30 0.037 30 0.050 40 0.061 40 0.071 60 0.080 80
220 0.025 30 0.039 30 0.051 40 0.063 40 0.073 60 Min R 230m
210 0.026 30 0.040 30 0.053 40 0.064 40 0.074 60
200 0.027 30 0.041 30 0.054 40 0.066 40 0.075 60
190 0.028 30 0.042 30 0.056 40 0.067 40 0.077 70
180 0.029 30 0.044 30 0.057 50 0.069 50 0.078._ 70
170 0.031 30 0.045 30 0.059 50 0.070 50 0.080 70
160 0.032 30 0.047 30 0.061 50 0.072 50 Min R 170m
150 0.034 30 0.049 30 0.063 50 0.074 50
145 0.035 30 0.050 30 0.064 50 0.075 60
140 0.035 30 0.051 30 0.065 50 0.076 60
135 0.036 30 0.052 30 0.066 50 0.077 60
130 0.037 30 0.053 30 0.067 50 0.078 60
125 0.038 30 0.054 30 0.068 S0 0.079 60
120 0.039 30 0.055_ 30 _0.069 50 0.080 70
115 0.040 30 0.057 30 0.071 S0 Min R 120m
110 0.042 30 0.058 30 0.072 50
105 0.043 30 0.059 30 0.073 50
100 0.044 30 0.061 30 0.075 S0
95 0.046 30 0.062 30 0.076 60
90 0.047 30 0.064 40 0.078 60
85 0.049 30 0.066 40 0.079 60
80 0.051 30 0.067 40 0.080 60
75 0.052 30 0.069 40 Min R 80m
70 0.054 30 0.071 40 .
65 0.057 30 0.073 40
60 0.059 30 0.075 40
55 0.061 30 0.078 40
50 0.064 . 30 0.080 40
45 0.067 30 Min R 50m
40 0.071 30
35 0.074 30
30 0.080 30

Min R 30m
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Figure 510.H Superelevation Chart for E Max 0.08 m/m

Normal Crown 0.04 m/m For Gravel Surfaces

Speed 30 40 50 60 70 80 90
Radius e Ls e Ls e Ls e Ls e Ls e Ls e Ls Radius
8000 NC NC NC NC NC NC NC 8000
5000 NC NC NC NC NC NC RC 5000
3000 NC NC NC NC RC 40 RC 40 RC 50 3000
2000 NC NC NC RC 40 RC 40 RC 40 RC 50 2000
1500 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 1500
1200 NC NC RC 30 RC 40 RC 40 RC 40 RC 50 1200
1000 NC NC RC | 30 RC 40 RC 40 RC 40 0.043 50 1000
900 NC RC 30 RC 30 RC 40 RC 40 RC 40 0.046 50 900
800 NC RC 30 RC 30 RC 40 RC 40 0.042 40 0.049 50 800
700 NC RC 30 RC 30 RC 40 RC 40 0.046 40 0.053 50 700
650 NC RC 30 RC 30 RC 40 0.040 40 0.048 40 0.056 50 650
600 NC RC 30 RC 30 RC 40 0.042 40 0.050 40 0.058 50 600
550 RC 30 RC 30 RC 30 RC 40 0.045 40 0.053 40 0.061 50 550
525 RC 30 RC 30 RC 30 RC 40 0.046 40 0.054 40 0.063 50 525
500 RC 30 RC 30 RC 30 RC 40 0.048 40 0.056 50 0.064 50 500
475 RC 30 RC 30 RC 0 0.040 40 0.049 40 0.058 50 0.066 60 475
450 RC 30 RC 30 RC 30 0.042 40 0.051 40 0.059 50 0.068 60 450
425 RC 30 RC 30 RC 30 0.043 40 0.052 40 0.061 50 0.069 60 425
400 RC 30 RC 30 RC 30 0.045 40 0.054 40 0.063 50 0.071 70 400
380 RC 30 RC 30 RC 30 0.046 40 0.056 40 0.065 50 0073 70 380
360 RC 30 RC 30 RC 30 0.048 40 0.057 40 0.066 50 0.075 70 360
340 RC 30 RC 30 RC 30 0.050 40 0.059 40 0.068 60 0.077 80 340
320 RC 30 RC 30 0.041 30 0.051 40 0.061 40 0.070 60 0.078 80 320
300 RC 30 RC 30 0.042 30 0.053 40 0,063 50 0.072 60 0.080 90 300
290 RC 30 RC 30 0.043 30 0.054 40 0.064 50 0.073 70 Min R 300m
280 RC 30 RC 30 0.044 30 0.055 40 0.065 50 0.074 70
270 RC 30 RC 30 0.045 30 0.056 40 0.066 50 0.075 70
260 RC 30 RC 30 0.046 30 0.058 40 0.068 50 0.076 70
250 RC 30 RC 30 0.048 30 0.059 40 0.069 50 0.077 70
240 RC 30 RC 30 0.049 30 0.060 40 0.070 50 0.079 80
230 RC 30 RC 30 0.050 40 0.061 40 0.071 60 0.080 80
220 RC 30 RC 30 0.051 40 0.063 40 0.073 60 Min R 250m
210 RC 30 RC 30 0.053 40 0.064 40 0.074 60
200 RC 30 RC 30 0.054 40 0.066 40 0.075 60
190 RC 30 RC 30 0.056 40 0.067 40 0.077 70
180 RC 30 RC 30 0.057 50 0.069 50 0.078 70
170 RC 30 RC 30 0.059 50 0.070 50 0.080 70
160 RC 30 RC 30 0.061 50 0.072 50 Min R 170m
150 RC 30 0.049 30 0.063 50 0.074 50
145 RC 30 0.050 30 0.064 50 0.075 60
140 RC 30 0.051 30 0.065 50 0.076 60
135 RC 30 0.052 30 0.066 50 0.077 60
130 RC 30 0.053 30 0.067 50 0.078 60
125 RC 30 0.054 30 0.068 50 0.079 60
120 RC 30 0.055 30 0.069 50 0.080 70
115 0.040 30 0.057 30 0.071 50 Min R 120m
110 0.042 30 0.058 30 0.072 50
105 0.043 30 0.059 30 0.073 50
100 0.044 30 0.061 30 0.075 50
95 0.046 30 0.062 30 0.076 60
90 0.047 30 0.064 40 0.078 60
85 0.049 30 0.066 40 0.079 60
80 0.051 30 0.067 40 0.080 60
75 0.052 30 0.069 40 Min R 80m
70 0.054 30 0.071 40
65 0.057 30 0.073 40
60 0.059 30 0.075 40
55 0,061 30 0.078 40
50 0.064 30 0.080 40
45 0.067 30 Min R 55m
40 0.071 30
35 0.074 30
30 0.079 30

Min R 30m

December, 1994
Page 510-8

510 LOW-VOLUME ROADS

Highway Engineering
Design Manual



LOW-VOLUME ROADS CHAPTER

510 LOW-VOLUME ROADS

510.06 VERTICAL

ALIGNMENT

Refer to Table 350.A for maximum grades and Section
370 for limit conditions when minimum radii are used in
combination with maximum grades.

Crest vertical curves are designed for SSD using 1.05 m
for the height of driver’s eye and 150 mm for the fixed
object height.

Sag vertical curves are designed for SSD using the
headlight control criteria.

See Table 510.1 for minimum K values for Sag and Crest
Vertical Curves on LVRs.

The minimum length of vertical curve should be equal to
the Design Speed.

510.07 CROSS SECTION

ELEMENTS

Cross-section Types

The majority of LVRs built in British Columbia are two-
lane, two-way LVRs. One-lane LVRs are very seldom
designed and are, therefore, not covered in this chapter.

The designer should not design a one-lane LVR without
the approval of the Chief Highway Engineer or the
Regional Manager of Professional Services. Refer to the
TAC Manual, Chapter H for additional design guidelines
on One-lane LVRs.

A) Two-lane LVRs

The roadway widths are dependent on the design speed,
the amount of truck traffic and the type of surface. The
shoulder width is the minimum that will provide lateral
support for the pavement. There is no allowance for
emergency parking as there are ample gaps in the
opposing traffic stream to permit a safe passage around
parked vehicles.

B) One-lane LVRs

One-lane LVRs are not common but they may be suitable
in very special circumstances when the R/W is limited,
such as in very rough terrain. One-lane LVRs can be
designed for one-way or two-way traffic.

Table 510.1 Vertical Curves on LVRs
Design Minimum Minimum Curve
Speed SSD K

km/h m Sag Crest
30 30 4 3
40 45 7 5
50 65 12 11
60 85 17 18
70 110 24 30
80 140 32 50
90 . 170 40 90
Highway Engineering
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Cross Section Elements for LVRSs (also refer to Figure 510.P, page 510-14)
Refer to Figure 510.P with these two tables.

Table 510.J Cross Section Elements for Two-lane LVRs - Gravel Top

Design Speed Roadway Width™" Normal X-Fall Fill Slope®
(km/h) (m) (m/m)
ADTT > 159 ADTT < 15
80 -90 8.0 7.5 0.04 2:1
30 - 70% 7.5¢4 7.0t 0.04 2:1
Table 510.K Cross Section Elements for Two-lane LVRs - Paved Top
Design Speed Lane Width® Unpaved™” Normal X-Fall Fill Slope®
(km/h) (m) Shoulder (m) (m/m) ‘
ADTT > 159 ADTT < 159
80 -90 3.6 3.5 0.5 0.02 2:1
50 - 60 - 70 35 3.25% 0.5 0.02 2:1
30 - 409 3.25@9 3.25@ 0.5 0.02 2:1

M Where CRB is used, widen the roadway or pavement by 0.6 m on the barrier side of the roadway.

@ In mountainous terrain, when fill heights exceed 3.0 metres or when environmental, R/W or other economic
constraints dictate, a slope of 1.5:1 may be appropriate. For high fill heights the traffic barrier warrant should be
examined. Maximum side slopes of 1.25:1 are suggested for rock grading.

Maximum back slopes of 1.5:1 are suggested for earth grading if the stability of local soils permits. For cut sections
in solid rock, refer to the appropriate drawing in Chapter 400.

®  Atruck is defined as a single unit (SU9) or larger vehicle. See the Design Vehicle Section in this Manual.

@ To avoid shoulder degradation on paved LVRs and crossing of centreline on gravel LVRs, these widths shouid be
increased on curves. The amount of additional widening is related to curvature and speed. See the Cross Section
Chapter of the TAC Design Manual for discussion.

®)  Approval from the Regional Director or the project Technical Review Committee is required for design speeds less

than 80 km/h.
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510.08 CLEAR ZONE

There is no clear zone applied to LVRs with regards to
slope treatment. However, the utility pole offset is
applied. Utility poles must be placed within 2 m of the
R/W or 3 m from the toe of fill which ever gives the
greater offset from the lane edge.

510.09 BARRIER FLARES

The flares for both roadside barrier and bridge ends are a
function of volumes under 200 ADT and are shown in
Table 510.M. For the “2/3” flare, the flare rate or angle
has been maintained, while the length and thus the offset
have been reduced.

For the “1/3” flare, the “2/3” Ya has been kept, with the
minimal Xa to develop the offset. This Xa is a function of
the connection flexure between pieces of barrier. Figure
510.L shows the decision tree to the appropriate treat-
ment. :

Figure 510.L Barrier Flare Decision Tree

Where a full flare or a “2/3” flare is required, the designer
should evaluate the economics of using the required Xa
with an attenuator and no flare. To simplify the compari-
son, evaluate capital costs of the flare vs. capital cost of
the attenuator, without a flare. See 510.11 for flare
adjustment rationale.

510.10 ROADSIDE BARRIER

Barrier need is determined with the Roadside Barrier
Index Warrant, in Chapter 600, Safety Elements. To
accommodate the barrier, add 0.6 metres width to the side
of the road where the barrier is to be placed.

510.11 LOW-VOLUME

BRIDGES

All bridges shall have an end treatment. Figure 510.L is
the decision tree to the appropriate treatment on bridges.

The Bridge Engineering Branch and Highway Safety
Branch are to be contacted regarding connection details to
various bridge ends.

<200 ADT Road > 200 ADT
Volume? '
Y Y
Fult Flare

\ ) \
ADT<10 10<ADT<50 ADT250

| Y /
Standard 1/3 Flare 2/3 Flare
Terminal

Full Flares are shown in Chapter 600: Figure HSE 82-07/A for Roadside Barrier and Figure HSE 83-01/B for Bridge
Ends. Reduced flares are shown in Tables 510.M. The notations “2/3” and *1/3” are nominal descriptors; the actual
lengths are a function of discrete barrier pieces, connection details and the ability to flex the barrier at their individual

connections.

Highway Engineering
Design Manual

510 LOW-VOLUME ROADS

December, 1994
Page 510-11



510 LOW-VOLUME ROADS

LOW-VOLUME ROADS CHAPTER

Table 510.M Adjusted Flares for Roadside Barrier

Speed “2/3” Flare “1/3” Flare
km/h Xa Ya # of CRBs Xa Ya # of CRBs
40 12.3 2.0 5 49 1.0 2
40 14.8 2.0 6 14.8 2.0 6
50 17.4 2.1 7 14.8 2.1 6
60 22.4 2.1 9 14.8 2.1 6
70 27.4 2.2 11 14.8 22 6
80 324 2.3 13 15.0 2.3 6
90 37.4 2.3 15 17.5 2.3 7
100 39.9 2.3 16 20.0 23 8

Xa dimensions do not include a CTB-2 Transition piece and the need for pairs of CRBs (M&F) on Bridge End Flares.

These are minimum dimensions and should be exceeded where feasible.

Contact Bridge Engineering for specific connection details. Should the connection detail not require a CTB-2, add an

extra piece of CRB.
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510.12 FLARE ADJUSTMENT

There may be cases where more barrier length should be
used than that arrived at through Figure 510.L. This can
be caused by specific site conditions.

For example, it may not be cost-effective to build the
bridge end or embankment protection flare in the required
location, because of the expense incurred in building the
embankment for the flare.

In this case, it may be less expensive to have additional
barrier, parallel to the road that extends further to a more
acceptable location. See Figure HSE 83-03, in Chapter
600, for some sample treatments.

Where full size or “2/3” flares are required, consider
using the required Xa with an attenuator and no flare.

In another typical situation, there may be sufficient space
for the flare at the bridge approach. However, the barrier
may have to be extended to shield a hazard on the side of
the road.

For this case, the barrier length should be extended,
parallel to the lane edge, to prevent an errant vehicle that
leaves the road from reaching the hazard. The required
flare is simply shifted to the end of the parallel barrier and
placed using the same Xa and Ya as would otherwise be
used.

In the example shown in Figure 510.N, it is determined
that a “1/3” flare is necessary for a bridge end treatment
at 80 km/h. The Xa value is 15.0 m plus 1.3 m for CTB-2,
the Ya is 2.3 m. However, there is a sharp drop-off to the
river below. To prevent a vehicle that leaves the road in
advance of the “1/3” flare bridge end treatment from
reaching the drop off, the total length required is equal to
the full Xa value of 46.2 m. The solution is to insert 12
pieces (30 m) of CRB at the bridge end after the CTB-2,
parallel to the road, and to place the “1/3” flare at the end
of this barrier run.

A prudent design should also recognize that barrier flare
ends should not be placed at awkward locations in the
alignment, such as just beyond vertical curves or on the
outside of sharp horizontal at the end of tangent sections.

Figure 510.N Flare Adjustment to Shield a Hazard at an LVR Bridge Approach

1/3 Flare would normally go here

Parallel Barrier extended

o
@ 1/3 Flare in new position
@
T { Ya2.3m
L—Xa 15.0 mim|} ==
= Bridge Full Xa 46.2 m -—

Approach Flare Opposing Flare

! Initial Xa includes CTB-2

2 This dimension does not
include CTB-2

Because of the narrowness of LVR’s, there is no difference between Approach and Opposing Flares.
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Figure 510.0 Cross Section for Low-Volume Roads
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