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The Main Environmental
Constraints on Road
Design and Use

A Topography
A Water

A Geology (soils)
I Fire effects



In addition to Environmental
Constraints - Road Design is a
Major Factor

A Good Design can mitigate difficult
environmental conditions.

A Poor Design can negate favorable
environment conditions.



Good Road Design 1
Two Main Components

A Gentle Road Grades less than 10% are
much easlier to use and maintain, and
are much more forgiving if something
goes wrong.

AiHydr ol ogically IGavi
water across the road as quickly as
possible. Less inside ditch; more cross
drains, more outsloping




Topography

A Steep slopes (> 40 %) and flat low-level
areas (<10%) are more difficult

A Gent
Gent

€S

€S

opes (10 to 40 % are preferred)

opes minimize:

I Road grade (steepness)
I Excavation and fill volumes

Examples of gentle slopes
AToe slopes
ATopographic benches
ARidges






Roads on

flat ground

hard to drain
Acan become
entrenched by
repeated grading




Problem




Solution




Topography

A Gentle slopes (10% - 40%):
I Minimize road grade (steepness)

AReduces potential for
I Erosion of roadbed
I Stream diversion at watercourse crossings

AWhile allowing road surface to drain downslope
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Road Grade

Effects
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Topography

A Gentle slopes minimize:

I Excavation and fill

AShorter and less steep
I Cutslopes
I Fillslopes

AlLess likelihood of

I Cutslope failure
I Fillslope failure
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Slope Effects

Cut and Fill
Volumes | | alf oot matera]
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Insloped vs outsloped
also affects cut volumes




Cutbank Heights

Road 120 wi t h |1lcbudt swi a phe
width ditch

Side Cut Cut
slope height height
40% 4 3/, ft 7 Yaft
65% 7 Yaft 11 4 ft
80% 91 ft 14 15 ft
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Spolls Volumes

Road 120 wi t h |1lcbudt swi a phe

width ditch

Side Spoils Spoils

slope volume volume

40% 1 yd3/ft 2 1/3
yd3/ft

65% 12/3 4 yd3/ft

yd3/ft
80% 2 yd3/ft 5 yd3/ft
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Water

A Streams
A Wet areas
A Groundwater
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Water

A Streams
Stay away from except to cross
(Pete Cafferata will discuss crossings)

A Road effects on streams

A Stream effects on roads

18



Road Effects on Streams

A Can Increase Sediment Discharge to
Streams

A Can Increase Stream Peak Flow i
Flood Crest

A Road effects reduced by increasing
distance between road and stream
(buffer effects)
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Figure 1-2. How roads can be connected to streams.



Road Effects on Streams

Sediment discharge to streams

A Affects the form and texture of the channel as well as
the organisms that live in the stream

Sediment derived from erosion of

A Road running surface (if near stream / insloped)
A Inside Ditch (if flows connect with a stream)

A Cutslopes (if there is an inside ditch)

A Fillslopes (if close to a stream)
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Road Effects on Streams

Stream peak flows increased by

A Runoff from compacted road surface, cutslope,
fillslope.

A Interception of shallow groundwater by cutslope.

23



Road Effects on Streams

A Interception of shallow groundwater
minimized by:
I Smaller road width
I Outsloping
AEliminates inner ditch,

ANarrows the road width
ARaises inside edge of road
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Insloped vs outsloped
affect on intercepting ground water




Road Drainage Designs

A Outsloped road is best (not practical at
times)

A Rolling dips i good (not >10% grade)

A Insloped with inside ditch

A cross-drain spacing for ditch relief
culverts - closer spacing the better.

pAS



Rolling Dip




© 1994 JOKN MeCULLAH

WATERBAR

7 SIDE SLOPES OR FLATTER.
7 MAX FOR VEHICLE CROSSING.

SECTION ROLLING DIP
£ AND WATERBAR

N\ ELLE: WATERBAR




Rolling Dip for Pick-up with Trailer
(Longitudinal Profile)

Dip
30’ to 40’ (%)

—--—----*:"/

30’ to 40’ (»)
Rollout

Length of dip and length of rollout each approximately equal to
total length of truck and trailer.




100-180 ft.

60-100 ft.

Note: Not to Scale

(Cross-drain 90° to centerline)

Spacing* (feet)

300
233
200
180

150

* For low to moderate erosion hazard soils,
in high erosion hazard soils these distances
should be reduced by 20 to 30 percent.




Road Grade (%)

2to 10
11-25
26 — 50

Water Bar Spacing

Spacing in feet based on Soil Erodibility Rating

High (sandy) Med (loam)
150 200
100 150
75 100

Rolling Dip Spacing

160 to 400
120 to 300
less than 200

200 to 500
150 to 400
less than 250

Ditch Relief Culvert Spacing

530 to 900
265 to 600
180 to 340
115 to 245

800 to 1000
525 to 800
350 to 420
240 to 300

Low(Clay or gravel)

300
200
150

200 to 600
150 to 500
less th 300

1000

600 to 800
460 to 550
310 to 365




Stream Effects on Roads

Alnner gorges
U Unstable
U Poor location for roads (unstable, too close to stream)

A Lateral erosion may erode roadway if located
close to stream.

A Road located near valley bottom must cross
tributary streams.
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UNACCEPTABLE OPTION
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ACCEPTABLE OPTION,
if no other alternative.

Road built up on the 45
percent sideslopes. This
option might be more difficult

to build, but it is better.
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Stream Effects on Roads

A Best to locate roads up on ridge tops if
possible T away from potential adverse
effects of the stream.
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