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Lecture 17 Water in the Sub grade
 Water that infiltrates into the sub grade is a serious problem related to achieving a long pavement life.  Positive methods to remove this water are necessary and are discussed in the CA Design Manual and Subsurface Drainage.  A brief summary follows.
Source of Water

Infiltration from the surface 
Ground Water

Frost Heave

Capillary Water
Each of the sources has a driving force and is modeled using fluid flow equations. 
Techniques used to prevent problems with subsurface water 
Intercept Side Hill Seepage

Lower GWT

Drain Base

Analysis 

Based on 2-D flow model involving Laplace’s equation
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When permeability is same in both directions the equation reduces to 
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The solution to this equation involves flow lines and equipotential lines and is solved with flow nets as shown below.

Surface infiltration is calculated from an empirical equation that is based on Darcy’s Law
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with 
k= permeability


I = hydraulic gradient


A = Area of flow

As applied to pavements the equations is 
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WP is the lane width.  The flow is in cfs/lft of pavement.  The value for I is assume to be approximately equal to the rainfall intensity (in/hr) for a 1 year storm.

Ground water slope seepage is calculated using the relationship for unconfined flow in porous media
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Assuming h1 is the distance from the impermeable layer to the ground water table and h0 is the distance from the impermeable layer to the top of the drain, the equation reduces to 
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reduces the equation to 
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Groundwater Underflow Drainage, q2 is calculated assuming flow from the under drain soil to the drainage blanket using a flow net drawn with a total head loss of (h1-h0) with the number of flow paths = 2 and the number of equipotential drops = 6 giving the result
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The sum of q1 and q2 is the flow from the embankment and subsoil to the drainage system.
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Drainage blanket design is calculated as 
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W is lane width plus the shoulder width, h is the thickness of drainage layer and k is the coeffient of permeability.  The infiltration drainage is usually large compared to the soil drainage and controls the design of the drainage blanket and the under drain pipe.

Finally the under drain pipe can be sized from the sum of the drainage from the slope, ground water and infiltration and using Manning's equation


[image: image12.wmf]2

1

3

2

2

1

inf

49

.

1

S

AR

n

q

q

q

=

+

+


the diameter of under drain pipe can be obtained.

A Calculator is available for this problem.

Other information related to hydrology/hydraulics in road design can be obtained from Chap 7 Federal Lands Highway Design Manual (Design Manual Chap 7).
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