
IMBA’s Mission:

To Create, Enhance, and Preserve To Create, Enhance, and Preserve 
Opportunities for Mountain Bikers WorldwideOpportunities for Mountain Bikers Worldwide



•Protects the environment.

•Meets the needs of its users.

•Requires little maintenance.

•Minimizes conflict between 
different user groups.

A Sustainable Trail...



The Problem: Erosion

Erosion is a natural 
process caused by 
water and wind.



The Solution: Rolling Contour Trails







Rolling Contour Trail
••Built on the Built on the sideslope sideslope 

••Sustainable gradesSustainable grades

••Incorporates grade reversalsIncorporates grade reversals

••Outsloped Outsloped trail treadtrail tread

••Facilitates sheet flowFacilitates sheet flow



Built on the Sideslope



Avoids the Fall Line







Avoids Flat Areas



QuickTime™ and a

Photo CD Decompressor

are needed to use this picture

RiseRise

RunRun

Rise
10 Feet

Run
100 Feet

  Grade
10%

Grade = 10%
10 100 x 100 = 10%

What is 
Grade?



Five Elements of Sustainable Grade

••The Half RuleThe Half Rule

••The Ten Percent Average The Ten Percent Average 
GuidelineGuideline

••Maximum Sustainable GradeMaximum Sustainable Grade

••Grade ReversalsGrade Reversals

••OutslopeOutslope



The Half Rule:
Keep the grade of the trail less than half the grade of the 
sideslope, to keep water from diverting down the tread.

Sideslope = 20% Maximum Trail 
tread=10%
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14%

10%

5%

18%

9%



The 10% Average Guideline

15%

7%
5%

9%

4%

Average Grade = 8%

Average Trail Segment Grade

Run = 100 feet

Rise
= 8 feet

Elev. 450 feet

Elev. 458 feet

8 100 x 100 = 8%



•Half Rule

•Soil Type

•Rock

•Annual Rainfall  Amount

•Grade Reversals

•Type of Users

•Number of Users

•Difficulty Level

Maximum Sustainable Trail Grades

When in doubt, design 
trails with conservative 

grades.



Grade Reversal

A grade reversal forces
water to drain off the
trail.

Water may become
trapped on trail and flow
long distances if there are
no grade reversals.

Grade 
Reversals



QuickTime™ and a

Photo CD Decompressor

are needed to use this picture

QuickTime™ and a

Photo CD Decompressor

are needed to use this picture

Grade 
Reversals



Sheet Flow

5% Tread
Outslope

Sheet Flow



Sheet Flow



Using a Clinometer



Using a Using a ClinometerClinometer
%°

(DEGREES) (PERCENT)

www.imba.comwww.imba.com



Trail 
Difficulty 
Rating 
System



Effective Signage



Sign Types

Trailhead KiosksTrailhead Kiosks

Directional SignageDirectional Signage

Warning SignsWarning Signs

DifficultyDifficulty--Level SignsLevel Signs

Regulatory SignsRegulatory Signs

Educational SignsEducational Signs



Kiosk Signage
•• Let users know the local rules.Let users know the local rules.

•• Provide explanations for Provide explanations for 
regulations.regulations.

•• Provide information on how to Provide information on how to 
volunteer.volunteer.

•• List emergency contact List emergency contact 
information.information.

•• Be positive rather than Be positive rather than 
negative.negative.



Regulatory 
and 
Difficulty 
Level Sign 
at 
Intersection



Interpretive 
and 

Educational

Signage



DirectionalSignage



www.imba.comwww.imba.com

Maps







Chokes and Corralling

Old straight trail.

New more
enjoyable trail.Corralling

rocks.

Choke

Managing Visitors 
Through Trail Design



Eleven Steps to Better Trail Design
QuickTime™ and a

Photo CD Decompressor

are needed to use this picture



Step 1:  
Get Permission 
and Build a 
Partnership



Step 2:  
Identify 
Property 
Boundaries



Step 3:  
Determine 
Visitors



Who are your visitors?

What experience do they want?

What distance will draw them?

What level of fitness and ability do they 
have?

How often are they using your trail?



Hikers

Backpackers

Trail runners

Walkers

Pedestrians



QuickTime™ and a

Photo CD Decompressor

are needed to use this picture

Equestrians



Mountain Bicyclists



Mobility Challenged



Step 4:  
Identify Control 
Points



Positive Control Points: Negative Control Points:

••TrailheadsTrailheads

••Scenic overlooksScenic overlooks

••Unique vegetationUnique vegetation

••Rock outcroppingsRock outcroppings

••Water featuresWater features

••Turning platformsTurning platforms

••Bridge placementBridge placement

••LowLow--lying wet areaslying wet areas

••Flat AreasFlat Areas

••Endangered Species/ Endangered Species/ 
Sensitive habitatSensitive habitat

••Other trailsOther trails

••Private propertyPrivate property

••Unpleasant ViewsUnpleasant Views



Horse Trailer
Parking and

Trailhead
Parking and

Trailhead

Core Loop
Open and Flowing

Middle Loops
Hybrid

Nature
Walk

Stacked Loop trail System

Outer Loops
Tight and Technical

Challenge
Park

Step 5:  Step 5:  
Configure Configure 
LoopsLoops



Step 6:  
Plan a 
Contour Route



Open and Flowing

Tight and Technical

Poor Flow - abrupt transitions from one type of flow to another.

Trail Flow

Step 7:  
Determine Type 
of Trail Flow



Open and Flowing



Tight and Technical



Step 8:  
Walk and 
Flag the 
Corridor



Determine:Determine:

••Trail dimensionsTrail dimensions

••Construction techniqueConstruction technique

••Time and  costTime and  cost

••Labor poolLabor pool

Step 9:  
Develop a 
Construction Plan



••BiologicalBiological

••CulturalCultural

••ArchaeologicalArchaeological

Work with land 
manager to 
determine the 
process

Step 10:  
Conduct an 
Assessment 
Study



Step 11:  
Flag the Final 
Alignment 
and Confirm 
Permission





Safety

QuickTime™ and a
None decompressor

are needed to see this picture.

•Safety begins with a good 
grip

•Check before swinging

•Be alert for hazardous 
footing

•Right tool, right job

•A sharp tool is a safe tool

•Carry the tool properly

•Travel safely

•Stay alert!

Tool Safety



Mechanized Tools

Cons:

•Expense

•Environmental impact

•Noise

•Loss of volunteer connection

Pros:

•Consistency (with a trained 
operator)

•Construction speed



Trail Construction

“Build it right, build it once.”



Trail Corridor

Trail Ceiling

Trail Tread

Trail Corridor

Clearing the 
Trail Corridor

How 
Wide?  
How 
High?



Clear Clear 
CorridorCorridor



Removing 
Trees and 

Brush

Digging Out Roots



Building Bench Cut Trails
Step 3: Outslope
the trail tread.

Step 4: Compact
the tread.

Sculpt a 5% Outslope

Compact Tread

Compact Backslope
and Critical Points

Remove pin flags and
spread debris to disguise
construction work.

Step 5: Finish
the tread.

Before

Step 1: Dig the tread.

Step 2: Cut the backslope

Pin Flag Scratched line to show
tread width.

Mineral Soil

Organic Soil Broadcast all debris.

Broadcast all debris.



Step 1:  
Dig the Tread



Step 2:  
Cut the 
Backslope, 
Broadcast 
Spoils



Flat Trail Tread

Insloped Trail Tread

Step 3:  
Outslope the Trail 
Tread

Cupped Trail Tread

Crowned Trail Tread



Step 3:  
Outslope the 
Trail Tread



Step 4:  
Compact 
the tread



Step 5:  Finish 
the tread and 
mask the 
construction 
area



Gaining Elevation



Climbing Turns
Climbing Turn

Natural or
Placed Barrier

Grade
Reversals

Outslope
5%

Trail passes
briefly through
fall line.

Sideslope
7% maximum.

Outslope
5%



Climbing Turns

Sideslope
7% maximum.

Outslope
5%

Keep turn
radius as wide
as possible.

Grade
Reversals

Short section of trail (the
apex of the turn) lies directly
in the fall line.



Rolling Crown Switchback



Rolling Crown Switchback
Rolling Crown Switchback

Water drains
out the back
of landing.

Grade
Reversal

Tread should
be insloped
approaching
landing.

Crowned landing
sloped 5% in all
directions.

Retaining WallTread should be
outsloped
following landing.

Sideslope
10% or
greater.

Natural or
Placed Barrier.



Rolling Crown Switchback

Insloped

Drainage

Retaining Wall

Crowned Landing
Sideslope
10% or
greater.

Grade
Reversal



Choose 
the 
location



Build the 
Turning 
Platform 
and 
Retaining 
Wall



Toe-in and 
Lock Base 
Together



Fill Pore 
Space With 
Cobble



Assure A Tight Fit



Back-Fill With Soil



Construct 
Layer 2 Assure 
Batter on Wall

Assume 1’ of wall/10% sideslope



...And 
Layer 

Number 
Three



Repeat Cobble 
& Back-Fill



Keep Tamping



Deck 
Radius as 
wide as 
largest trail 
user



Completed 
Approach



Completed, 
Insloped Exit



The 
Final 
Product



Satisfied 
Crew

200 volunteer hours



Insloped Turns
Insloped Turn

Backslope blended with
insloped tread.

Retaining Wall

Grade
Reversals

Natural or
Placed Barrier

Large drain allows trapped
water to escape.

Insloped tread
through turn.



Insloped Turns
Grade
Reversals

Large drain allows trapped
water to escape.Insloped tread

through turn.

Sideslope grade of
25% or less is best.



Insloped Turns
Step 1:  Choose Step 1:  Choose 
the Location.the Location.

Step 2:  Build a Step 2:  Build a 
Turning Platform Turning Platform 
and Retaining and Retaining 
Walls.Walls.

Step 3:  Build theStep 3:  Build the
Insloped Insloped Turning Turning 
Area.Area.

Step 4:  FineStep 4:  Fine--Tune Tune 
the Turnthe Turn..



Wetlands and Water Crossings



Water crossings should be avoided 
whenever possible.

1. Minimize the 
impacts to the 
stream channel.

2. Minimize the 
impacts to the 
streamside 
environment.

3. Create a safe and 
sustainable 
passage for all trail 
users.

4. Minimize the 
number of 
crossings.



General Guidelines for Water Crossings

1. Consult with 
Land Managers.

2. Identify Water 
Crossings as 
Key Control 
Points.

3. Carefully Design 
Crossing 
Approaches.

4. Include Grade 
Reversals.

5. Mimic the 
Stream.



Drainage Crossings
Proper Drainage Crossing

Drainage
Water stays in
drainage (good).

Trail descends
into drainage
from both sides.

ImproperDrainage Crossing

Drainage

Trail climbs
into drainage.

Water can divert
down trail (bad).



Armored Crossings

Construct at 
grade 

Fit should be 
tight 

Extend 
armoring 
beyond 
perceived wet 
area



Stone Culverts



Prefabricated Culverts



Lack of Engineering or Maintenance



Reinforced Dry Crossings



••Make the bridge high enough.Make the bridge high enough.

••Extend approach ramps well onto the trail.Extend approach ramps well onto the trail.

••Bridges and their approaches should not have sharp turns.Bridges and their approaches should not have sharp turns.

••Design the bridge so that travelers on either end can see each Design the bridge so that travelers on either end can see each 
other.other.

••Design bridges with the users in mind.Design bridges with the users in mind.

••For wooden bridges, use screws and bolts instead of nails.For wooden bridges, use screws and bolts instead of nails.

••Avoid letting stringers touch the ground.Avoid letting stringers touch the ground.

••Use rot resistant wood if using unfinished wood.Use rot resistant wood if using unfinished wood.

••Bark must be stripped off the lots you use.Bark must be stripped off the lots you use.

••Consult an experienced bridge builder.Consult an experienced bridge builder.

Tips for Successful Bridge Building



Wetlands



Raised Tread,Turnpike 
Construction



Boardwalk

Construction



Trail Maintenance



Trail Assessment

1.1. Create an Create an 
Assessment Assessment 
and Repair and Repair 
SheetSheet

2.2. Walk or Ride Walk or Ride 
the Trailthe Trail

3.3. Confer with Confer with 
Land ManagerLand Manager

4.4. Assign Work Assign Work 
CrewsCrews



Corridor Clearing

Keeping 
the corridor 
clear will 
help keep 
people on 
the trail.



Identifying Trail Problems:

User-Caused Erosion

••Steep trailsSteep trails

••Wet trailWet trail

••Social trailsSocial trails

••Trail braiding, Trail braiding, 
widening, and tread widening, and tread 
creepcreep

••Brake bumpsBrake bumps



••Fall line trailFall line trail

••Trail lacks Trail lacks outslopeoutslope

••Trail lacks grade reversalsTrail lacks grade reversals

Identifying Trail Problems:

Water-Caused Erosion 



Drainage Solutions
Berm

Berm develops
on outside of
tread.

Water flows down
sideslope.

Water trapped
on trail.

Deberm the trail by
scraping the mounded dirt
off the tread’s edge, and
reestablish a 5%  outslope.

Cupped trail tread
prevents proper
drainage.



Knicks
Knick

5-10 Feet

Knick outslope
15% maximum.





Rolling Grade Dip

Knick
Outslope15% max.

Rolling Grade Dip

Knick
6-10 feet

Ramp
10-20 Feet

Ramp
Outslope 5%



Create and 
Excavate the 
Knick



Broadcast Soil 
for gentle ramp





Waterbars:  Good Intentions, Bad Results



Rerouting and Reclaiming Damaged Trails

Consider rerouting when the trail...
••Is consistently wet despite Is consistently wet despite outslopeoutslope

••Grade exceeds 15% and erosion is evidentGrade exceeds 15% and erosion is evident

••Is located in a wetland/flatlandIs located in a wetland/flatland

••Is damaging natural resourcesIs damaging natural resources

••Features poorly designed flowFeatures poorly designed flow

••Is a fall line trailIs a fall line trail



Design a fun and sustainable reroute
QuickTime™ and a

Photo CD Decompressor

e needed to use this picture



Trail Closure and Reclamation

Break up old
trail tread.

Trail Closure and Reclamation

Install check
dams to
retain soil.

Old fall-line trail
eroded and gullied.

Reclaim old trail
with soil, rocks,
debris and plants.

New contour trail
reroute.

Create a smooth transition
onto new trail.

Block sightline
to old trail.



Educate trail users when the 
experience has been 
substantially altered
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