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The Main Environmental 

Constraints on Road 

 Design and Use 

ÅTopography 

ÅWater  

ÅGeology (soils) 

ïFire effects 



In addition to Environmental 

Constraints - Road Design is a 

Major Factor 

ÅGood Design can mitigate difficult 

environmental conditions. 

ÅPoor Design can negate favorable 

environment conditions. 
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Good Road Design ï 
Two Main Components 

ÅGentle Road Grades less than 10% are 

much easier to use and maintain, and 

are much more forgiving if something 

goes wrong. 

ÅñHydrologically Invisibleò is the goal. Get 

water across the road as quickly as 

possible.  Less inside ditch; more cross 

drains, more outsloping 
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Topography 

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

ÅGentle slopes (10 to 40 % are preferred)   

 Gentle slopes minimize: 

ïRoad grade (steepness) 

ïExcavation and fill volumes 

Examples  of gentle slopes  
ÅToe slopes 

ÅTopographic benches   

ÅRidges 
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Roads on 

flat ground 
 

Å can be  

hard to drain 

 

Å can become 

entrenched by 

repeated grading 

7 



8 

 



9 

 



10 

Topography 

ÅGentle slopes (10% - 40%): 

ïMinimize road grade (steepness) 

ÅReduces potential for 

ïErosion of roadbed  

ïStream diversion at watercourse crossings 

ÅWhile allowing road surface to drain downslope  



Road Grade 

Effects 
 

Stream Diversion 

Potential  
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Topography 

ÅGentle slopes minimize: 

 

ïExcavation and fill 

ÅShorter and less steep 

ïCutslopes  

ïFillslopes  

ÅLess likelihood of 

ïCutslope failure 

ïFillslope failure 



Slope Effects  

Cut and Fill  

Volumes 
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Insloped  vs outsloped 

also affects cut volumes 
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Cutbank Heights 

14 ½ ft 9 ½ ft 80% 

11 ¾ ft 7 ¾ ft 

 

65% 

7 ¼ ft 4 ¾ ft 

 

40% 

Cut 

height 

Cut 

height 

Side 

slope 

15ô with inside 

ditch 

12ô with outslope Road 

width 
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Spoils Volumes  

5 yd3/ft  2 yd3/ft  80% 

4 yd3/ft  1 2/3 

yd3/ft  

65% 

2 1/3 

yd3/ft  

1 yd3/ft  40% 

Spoils 

volume 

Spoils 

volume 

Side 

slope 

15ô with inside 

ditch 

12ô with outslope Road 

width 
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Water 

ÅStreams 

ÅWet areas  

ÅGroundwater 
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Water 

ÅStreams 

 Stay away from except to cross 

    (Pete Cafferata will discuss crossings) 

 

ÅRoad effects on streams 

 

ÅStream effects on roads 



Road Effects on Streams 

ÅCan Increase Sediment Discharge to 

Streams  

ÅCan Increase Stream Peak Flow ï 

Flood Crest 

ÅRoad effects reduced by increasing 

distance between road and stream 

(buffer effects) 
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Note:  Assumes insloped road! 
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Road Effects on Streams  

Sediment discharge to streams 

Å Affects the form and texture of the channel as well as 

the organisms that live in the stream 

  

Sediment derived from erosion of  
ÅRoad running surface (if near stream / insloped)  

ÅInside Ditch (if flows connect with a stream) 

ÅCutslopes  (if there is an inside ditch) 

ÅFillslopes  (if  close to a stream)    
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Atkinson, 1978 

How water comes off  

forested slopes** 
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Road Effects on Streams  

 

Stream peak flows increased by 

 
Å Runoff from compacted road surface, cutslope, 

fillslope. 

 

ÅInterception of shallow groundwater by cutslope. 
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Road Effects on Streams 

ÅInterception of shallow groundwater 

minimized by: 

ïSmaller road width 

ïOutsloping  

ÅEliminates inner ditch,  

ÅNarrows the road width 

ÅRaises inside edge of road 
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Insloped vs outsloped 

affect on intercepting ground water 

 



Road Drainage Designs 

ÅOutsloped road is best (not practical at 

times) 

ÅRolling dips ï good (not >10% grade) 

 

ÅInsloped with inside ditch 

 

Åcross-drain spacing for ditch relief 

culverts - closer spacing the better.  
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Rolling Dip 
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Stream Effects on Roads 
 

ÅInner gorges  

üUnstable  

üPoor location for roads (unstable, too close to stream) 

 

ÅLateral erosion may erode roadway if located 

close to stream.  

 

ÅRoad located near valley bottom must cross 

tributary streams.  
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Inner Gorge 
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Road failure caused by stream undercutting  
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Stream Effects on Roads 
 

 

ÅBest to locate roads up on ridge tops if 

possible ï away from potential adverse 

effects of the stream.  

  

 



38 

 


