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» %List Hiking/Walking on Trails as Primary
Activity”

Ways to Improve Experience in Parks:
Trail Connections:68%
Increase Number of Hiking/Biking Trails-59%
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The Same Shape at Every Scale
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Bootleg Trails




A Sstainable Trail:

“Conforms to 1ts environment
“Accommodates its intended use ,
_ _ ,
imal annual and cyclic maintenance *
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Atlfanguage
tor Iranls:

HumaniPerceptaon
JermrainiDynamics

Physical Eorces
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Human Perception




Human Perception:
Natural Shapes

(Anchors & Gateways)
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Clay loam
Sandy

clay loam

Medium

loam Silty |
Sandy ilty loam

Loamy . loam
Sand sand

—

Rock & compact  Bearing Cap.
Type Gravel 5 i ‘lay weight dry wei
Rocky Silt Loam 25 1 89 pef 28 14 psf
Gravelly Silt Loam 25% 200 . 93 = 28
Silt Loam 2044 2004 83

Rocky Clay Loam : f00 WL A0 90 pef
Silty Clay Loam Yo 53U 30% B3 *
Clay Loam ' 1T 359 g7+

Rocky Sandy Loam 253% 40 25%  10% 3 pef
Gravelly Sandy Loam ( ’ "’
Sandy Loam

Sandy Clay
Silty Clay




slow creep fast creep

Soil Tvpe
Sandy Loam
Silt Loam

Clay Loam

23% Rocky Sandy Loam
25% Rocky S1lt Loam
25% Rocky Clay Loam
0% Rocky Sandy Loam
0% Rocky Silt Loam
0% Rocky Clay Loam

INSTABILITY VARIATION WITHIN ONE YEAR

% # JAN | FEB | MAR | APR_| MAY | JUNE| JULY| AUG | SEP | OCT | NOV | DEC |

| ,ni_

|
| |
ROCKY SANDY

|
ol i +
ROCKY SILTY

sofl— CLAYEY SILTY —

ANGLE OF IMMEDIATE INSTABILITY

frost action
nom. Angle Angle of Instability
of Repose @ Field Cap. @ 75% Sat. @ 100% Sat. |
340 67% 40 B4% 200 55% 240 45%,
320 62% 0 R T 18 32% 1r 18%
200 36% 16" 28% o 11% 5 5%
3o T3% 43" 92% et T2% 320 62%
350 T0% 31% 200 36%

26" 49%

350 T0%
33 653%
220 4%

400 83% 27

| Terrain Dynamics:
' Slope Stability
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Physical Forces:
Compaction, Displacement & Erosion

ome displaced
material remains in

L E.II ':._"'.JII
Displacement occurring
o

".lln.."lrlg r"n'.l LIS .:':' E' “I_,lldt' |I:‘| I'_|r I_]I_"-\,_u
dislodges and pushes out of the tread ,Ir.l. ther
soil and rock sideways lowering it relative to the
in all directions. surrounding ground.

Compaction, caused by trail use,
is a primarily downward force that
compacts the tread. The compacted
tread usually becomes lower than the
surrounding ground level.«,

H\

SOUTCe: .["ui'! PlanmimgsesigimydandidevelopmentGlidelines;
by MimnesotaiNatural Resources; 200y,




Ground Structure with Trail Structure
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Trail Language Summary

Human Perception
Natural Shape
Desired Experience

Terrain Dynamics
Soil Strength
Slope Stability
Hydrology

Physical Forces
Compaction, Displacement, Erosion
The Ground as a Structure







TRAI SIGN WORKSHEET

Trail Name est. Length _ miles Date
Proposed Location(general)

PURPOSE: /_/ Recreational / / Utilitarian / / Interpretive /_/ Historic /_/ Other

USE: Designed for __ADA/ /No //Yes-
Allowed {attach description)
Prohibited i

Design for Traffic Flow: /_/ One-Way /_/ Two-Way /_/ One-Way w/ passing pullouts

Use Season: / / Summer / / Winter /_{/ Both /_/ Other (describe)

NOTES:

SUSTAINABLE ELEMENTS

ALIGNMENT: /_/ Contoured / [/ Other (describe)
CONSTRUCTION: /_/ Full-Bench /_/ Other ‘! (describe)
Allowed Turns: /_/ Sweep Turn / / Switchback /_/ Banked Turn
DRAINAGE: /_/ Grade Reversals // spacing (see attached spacing vs grade sheet)
CONTROL /[ /Tread Outslope at ___% {_/ Tread Crownat___ %
/_{ Other (describe) _ k=
GRADE: Average for Trail Length % Average for Climbing Leg %

LT

Grade Reversals at % for feet minimum. Average Map Grade Yo

Maximuom ____ % for feet and % of trail length.
In-Turn %% for Sweep Turns, 5 % for Switchbacks.
TREAD: /_/ Mineral Soil (describe in general)
Structural Section ____inches thick, roots & rocks over ___ inches removed.

{_{ Hardened (describe)
OTHER ELEMENTS

TREAD WIDTH:minimum ___ inches; maximum ___ inches; in passing pullouts ___ inches
TURN RADIUS: minimum ___ feet; optimum ___ feet; Banked Turn Inslope ___ %
BACKSLOPE ANGLE: Fill Slope Angle: 2:1
CLEARING: Width ___ feet beyond Tread Margin Height ____ feet above Tread Level
STRUCTURES: List any Prohibited in -
Tread
Slopes
Drainage
Stream Crossings
PROHIBITED: Construction Methods
Maintenance Methods
MAINTENANCE CAPACITY: Attach description of staff, equipment, tools, etc., available
for maintenance of area trails totaling miles (include proposed trail).

Form Completed by

Name Title
(1) These are NOT Sustalnable.




Trail Use Questions:
Purpose

Design Use

Allowed Use
Prohibited Use

Possible Unintended Use
Season(s) of Use
Intensity of Use
Realistic Use Control Methods

Greenway and Trail
Network
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Sustainable Design

Elements:
Integrated Drainage Control

Tread Watershed 1
H

Tread Watershed 2
H

Tread Watershed 3
_-‘ —___

Crests separate one tread
watershed from the next

Rain and runoff on the tread
flows towards the dips

Source for Diagram: Trail Planning, Design, and Development Guidelines, by Minnesota Natural Resources, 2007




Sustainable Design

Elements:
Integrated Drainage Control

Grade Reversal
|<— 15' to 20" min.

-rs ¥ I

] L ey
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d-ilt —tT

-
aw T LA

Rolling Grade Di
25" 1o 3¢+’

10" min.—

Climb Grade 10%
Reverse Grade 57%




Sustainable Design

Elements:
Controlled Grade




Sustainable Design Elements: Tread Materials

Surface Section Surface Section

Base Eectinnll'-.':f.-.- o

h":' 3 i:-

e Subgrade :.~
R g

P

Full Bench Treadway
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Sustainable
Design Elements:

Maintenance Capacity Low Mod. High
_Maint. . _Maint. _ _ Maint.
ground slope 10%-50% 5%-10%, <5%,>80%
50%-80%
ground stability good moderate poor

alignment contoured mostly cuts across
contoured contours
hardened not durable

tread material durable

tread width <3’ 3.5’ =5

inadequate

adequate

integral
Avg<l0% Avgl0%- Avg>15%

drainage

climb grade

15%
structures few, simple severalor  many and
(per mile) complex complex

traffic volume low moderate high

traffic intensity low moderate high




Terrain Elements:
Backslope &
Fillslope Angles

Backslope Angle "
Soil: granular, erodable rocky, stable

Moisture: moist, stable dry/wei,  moist, stable dry/wet

unstable ~ unstable
Cut: 2'- : 1:1.5 1:] 1:1.25
1:1.5 1:1.75

1:1 = 45° = 100%
1:1.25 =39 = §0%
1:1.5=34"= /%
1:1.75=30°= 3%
1:2=217= 5%




Turn Radius

Hikers
Runners/Joggers
Horses
Pack-Strings
Min. Bikes
Motorbikes
ATVs

ATVs w/ trailers
Snowshoers
Skiers

Single hiker Stogpered or side-
by-side hikers

Extrernely difficult  Very difficuit
(dbl. Black diamond)  (Black diamaond)

Single rider, S-:qgga"ed or side
ey by side: riders

Sweep Turns  Switchbacks Banked Turns
min. gpt. min. opt. min. opt
g 10 &’ LR na na
100 12" & [V 10’ 12
10 > g 10° na na
12° 147 10" 127 na na
10 12° 100 12° 10° 12
15" 20° 15° 20" 15¢ 18*
15" 20° 15° 20 15° 18°
25" 30 25 303 227 28
i 10° & 8 na na
15° 20 15 2 na na
20° 25° 200 25° na na

Stogpered and single Staggered or side-by-
hikers with room [o side hikers with room

pass to pass
247+
b 11
Traffic Tread Clear beyond jjpa
Type width tread margin
Hiker, Snowshoer <1.5' 2
Mare difficult Losy . 2.5+ %51
(b ) (st Horse, Skier <15 2.5
1.5+° 2
Pack Horse, Min. Biker <3° 2.57
3+ 2
All Other, Summer Ly 2.57

Winter Use <3 4

Side by side and two ¥ ]
wall rickers and carri 3+ 3

Source for Clearing Width: Trail Planning, Design, and Development Guidelines, by Minnesota Natural Resources, 2007



Trail Design Summary

Trail Use Questions

sPurpose, Design Use, Allowed Use, Prohibited Use, Possible
Unintended Use, Seasons, Intensity of Use

Sustainable Design Elements

skull-Bench Construction
sIntegrated Drainage Control
sControlled Grade

oTread Materials

sMaintenance Capacity/Restraints

Jerrain Elements

sSlope Angles

User Elements
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Possible Control Points
(T = terrain-related U = use-related A = administrative)

T Very Flat Ground (<5% slope) (" T “Tumn Points” (slopes acceptable for

T Very Steep Ground (>80% slope) " sweep turns or switchbacks) ™

T Cliffs T “Anchor Poinis” (eg., stable-ground

T Sloping Bedrock © terminus points for wetland crossing)
T Wetlands (muskeg, swamp, wet tundra) TU Passes

T Stream Crossing Locations ¥ TU Ridgecrests, Saddles

T Stream Confluences TU Trailheads
T
T
T
T
T
T

Active Floodplains TU Trail Junctions
Dense Brush Fields/Doghair Thickets ** TU Camp Areas
Fragile Meadows/Subalpine Tundras TU Stock Holding Sites ¥
Seepage Zones/Pocket Bogs U Natural View Points/Interest Features
Active Landslides AU Archeological/Historic Sites
Major Avalanche Tracks ** A Critical Habitats
T Talus/Scree Slopes ® A Land Ownership Boundaries
T Weak or Unstable Soils AU Route Easements/Rights-of-Way
T Ice-rich/Frost-active Soils

This is not an all-inclusive listing. Every route has its own characteristics and peculiarities,
which may add one or more items to the list (eg., tidal estuaries in a coastal setting).

Moies:
(1) Marmal “good” range is 20% to 60%; for motorized is 15% to 40% due to turn radii, bench widths.
{2) Not always “bad” -- possible tread benching equals very high durability.
{3} Requires good stream reconnaissance.
(4} Active areas, avoid if possible.
(5) May be constructable, but maintenance
frequency/intensity will be high.
{6) Avoid Scree, but Talus can be very stable and durable.
(7) Sweep Tums 10% to 25% sideslope; Switchbacks 20%
to 40+% sideslope, but are not motorized friendly.
(9) need water, and often need grass.




Mapping Grade
MNominal vs Actual Grade
— granular soils b rocky spils
man-molor’d motorized n - oter d moiorized
i %% length for % lemgth for % lengthfor %  length for
pom. pct SO'vert, gct S07vert pel 50" vert pel. 30" vert
=/.2 0 na L] il a na i na
5 A 1250 i6 1389 43 1163 4.1 1220
B - 862 54 1000 6.5 169 &0 B33
[ [1] - 676 &5 Tae 83 602 7.7 49
[ £l 617 58 7315 8.5 536 B& 581
15 10.4 48] B9 562 120 417 180 455
17 110 455 00 556 129 388 1.5 435
20 132 319 108 459 153 30 1.8 342
22 13.9 360 11.2 446 162 309 143 350
25 160 313 13.0 383 IB6 269 16.4 35
30 169 TG 12.5 400 219 128 192 260

Marking the paper

Plotting the distance
between contolirs




Some Example Wavpoints

Lise for
nitro| Podnis
assumied

conbrmed

Route Points
proposed

established

SEIrenm
Crossings

pass, saddle
welland cr

user point

d:ml:tr area

Symbaol

Name

01, 0, eic

01, 02, etc.

a1, 02, etc.

01, 02, etc.

01, 02, etc

ol. 02, etz

0O, &2, etc.

Description
wel, pirost, psoil,
allfan, seep, brush,
shide, avirak, etc.

{om rumber®,
of stam. shack,
irlhead, trljct,

irew, gully,

ford, bridge, flog,

culy, ele.

pass, sadl, wland,
clc.

camp, cabin, eic.

ovrhonk. hist arch,
fish, etc.

cliff, gorge, sle
ql-.].unljl e,
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Trail Layout Summary

Preliminary Layout
*Map Reading
sMark Control Points
*Map Routing

Initial Ground Investigation

Preliminary Flagline Routing

Final Construction Layout
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Full-Bench Construction: Trail Rough-Cut




1011: Trail Rough-Cut
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Full-Bench Construction:

Disperse Excavated Materials
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5 l-] Full-Bench Construction:
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Full-Bench Construction:

Break-In Maintenance




Full-Bench
Construction Summary

i

*Site Preparation

*Trail Rough-Cut

sBackslope Rough-Cut
sFinishing Work

*Site Restoration

sBreak-In Maintenance
sAnnual/ Cychc Malntenance
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Working Steps

Trail Design/Layout Study in North Chagrin
with a Universal Acesss Trail System

nandsome Y
y { small, railed,
\ accessible
) overlook deck
.- truss medeled
/ 18-20° timber
I‘ﬁ bridge
7 §

1 Ferest Picnic Shelter
imber [y ec i
29 g \ averlook
bridge
oy stricture

-y F-

& .
.

60-65' FRC bridge

Lentd B¢ FRC bridge with
] 54-58 3-span timoer appeoach deck
S doglegged timber

wrestie, 18-24-18

doglegeed on south end

Arthur B. Williams —
dedication boulder
“plaza"

i 3-span
timber
westle

4% grade
down to
overloak

Origing
Trailside
Miseum site

= Stairs and

elevated overlook
deck on curve

| ) amang large trees




A Sstainable Trail:

“Conforms to 1ts environment
“Accommodates its intended use ,
_ _ ,
imal annual and cyclic maintenance *




A Sstainable Trail:

“Conforms to 1ts environment
“Accommodates its intended use ,
_ _ ,
imal annual and cyclic maintenance *
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Thank you and happy trails! —-Ralph & Jim
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