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Statement of Problem

• Lack of proper pore water drainage is one of the main causes of 
geosystem failure (e.g., roadway base course, retaining wall backfills).

• Proper drainage required to minimize elevated pore pressure, minimize 
freeze-thaw damage.

• Simple and reliable tools capable of estimating drainability parameters 
for common aggregate types will aid in material selection and design.

• Saturated hydraulic conductivity, Ksat
• SWCC parameters, n & α
• Drainable porosity (nd), field capacity (θf), minimum saturation (Smin) 



Project Objectives

• Conduct laboratory permeability and water retention tests on materials 
used in or considered for use in pavement base systems. 

• Evaluate general and specific empirical correlations for estimating 
drainability properties (Ksat and SWCC).

• Develop simple predictive tools that may be used to assess drainability 
from other properties (e.g., gradation, fines content, etc.)



Drainability:
An Unsaturated Soils Problem

1) Material Properties (Permeability, Water Retention Characteristics) 

2) Pavement System Design (Layering, Slope, Drainage Boundaries)

3) Environmental Conditions (Precipitation, Temperature)



Samples Obtained



(1) 3149 Super Sand (2) Mn Class 5

(3) 1007 Type 5 DGB (4) 1007 Type 7 DGB



Particle Size Distributions

Fines (hydrometer)



Indices and Classification
9 sands & 7 gravels; fines from ~0% to ~23%



Ksat and SWCC Testing

Constant Head Apparatus 
(Ksat)

Hanging Column Apparatus 
(SWCC)



Ksat: Effect of Hydraulic Gradient

(Sands) (Gravels)

• Potential fines migration
• Turbulent flow regime (gravels?)



Soil-Water Characteristic Curves
(Gravels) (Sands)

Van Genuchten (1980) Model



Ksat and SWCCs

Gravel average Ksat = 0.324 cm/s
Sand average Ksat = 0.014 cm/s 



Empirical Equations for Ksat
Literature search was conducted to summarize equations for predicting 
saturated hydraulic conductivity from grain size, compaction indices, ad 
fluid properties (e.g., d10, porosity, viscosity) 

(Beyer, 1964)

The equations used in this study were as follows:
Alyamani and Sen (Equation C.21)
Beyer (Equation C.12)
Harleman et al. (Equation C.11)
Original Hazen (Equation C.1a)
Modified Hazen (Equation C.1b)
Kozeny (Equation C.9)
Kozeny-Carman (Equation C.10)
Sauerbrei (Equation C.19)
Slichter (Equation C.3)
Terzaghi (Equation C.5)
U.S. Bureau of Reclamation (Equation C.20) 
Salarashayeri and Siosemarde (Equation C.25)
Chapuis (Equation C.28)



Empirical Equation Performance
(Gravels excluded)



Dataset Specific Correlations
(Example using D30)



Field Capacity, Drainable Porosity, & 
Minimum Saturation

33 kPa





Estimating van Genuchten 
SWCC parameters (Benson et al., 2014)



Proposed Drainability Rating System

Approach 1: Direct measurement of Ksat and Smin

Approach 2: Estimation of Ksat and Smin from grain size (D30, Cu) 

Approach 3: Estimation of Ksat and Smin from % fines



Based on Direct Measurements
#6 (GP)

#15 (GM)



Based on Grain Size



Based on % Fines



Comparison of 3 Approaches
#6 (GP)

#15 (GM)
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