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Geotechnical problems in D C O M 
of transportation facilities:

• Drainage 

• Erosion control

• Subgrade stabilization, etc.

• Embankment and slope instability

• Retaining structures and abutments

(A few examples….)







































Failure modes

• Structural

• Functional



Causes
• Excessive load (magnitude, cycles)

• Climate; environmental factors

• Poor drainage

• Improper construction

• Poor maintenance



























































Founders Meadows Geosynthetic-reinforced Abutment (I-25, Exit 184)



DESIGN WITH 

GEOSYNTHETICS???



Geosynthetics in Geosynthetics in 
Roads and HighwaysRoads and Highways



(outline)
• Historical developments

• Subgrade conditions

• Functions and benefits

• Design procedures  

• Materials properties and specifications

• Construction  (….and, if time)

• Recent Research at UW



Sample of surfacing taken up, June 18, 1935, on 
the first Cotton Road build in South Carolina in 
1926, showing cotton membrane intact and 
unimpaired after being down nine years.

Surfacing soft shoulders with cloth-reinforced asphalt 
in Rhode Island.  The cotton strips are being laid out to 
the toe of the slope to prevent erosion.





Use a geosynthetic when:

poor equipment mobility

aggregate contamination
subgrade pumping
subgrade bearing failure (ruts)

...occur during road construction.



Subgrade conditions for using    
geosynthetics:

• Poor soils
– ( CL, CH, ML, MH, OL, OH, Pt )

• Low undrained shear strength
• ( τf < 90kPa, CBR < 3, Mr < 30 )

• High sensitivity
• High water table



Function of geosynthetic

• Separation

• Reinforcement

• Drainage





Possible reinforcement mechanisms:

1.  Lateral restraint

2.  Increased bearing capacity

3.  Membrane support



Geotextile functions:

• CBR = 2 - 3:  Drainage, filtration

• CBR = 1 - 2:  Separation 
(reinforcement?)

• CBR < 1:  All functions



Road design with Road design with 
geosynthetics:geosynthetics:

1. Temporary roads

2. Permanent roads



1. TEMPORARY ROADS --
DESIGN APPROACHES

• Separation  
• Separation, filtration and 

some reinforcement             
(“Stabilization” – AASHTO 1997)

• Don’t forget drainage!



Design proceduresDesign procedures (stabilization)

• Bender & Barenberg (1978)         
Kenney & Barenberg (1980)

• Seward et al. (1977)
• Giroud & Noiray (1981)
• Haliburton & Baron (1983)
• Jewell et al. (1989; 1990; 1995)
• Giroud & Han (2004)







2. Design of

PERMANENT ROADS



Temporary road design 
procedures cannot be used for 
permanent roads*

*except Christopher and Holtz (1991)
See also Holtz, Christopher, and Berg (1997)



SN = a1D1 + a2D2m2 + a3D3m3

Assumption: No structural support 
provided by the geotextile!





Properties Specifications:

Materials:  AASHTO  M288 

Construction:  
AASHTO-AGC-ARTBA Task Force 25









Soil Properties-

As usual…



















Important
geosynthetic design concept:

Geosynthetic cannot perform 
any function unless it survives 
all construction operations!

(Survivability)



Construction Procedures









Freezing and frost 
heave cause:

• significant damage

• maintenance $$$

















Objective:
To evaluate the  long-term 
separation and drainage 
performance of geotextile 
separators exhumed from 
paved roadways in Washington 
State.





































Sponsored by WSDOT and Polyfelt



























Performance of Geotextile Performance of Geotextile 
Separators:Separators:

BucodaBucoda Test SectionTest Section----Phase IIPhase II
(1996)

P. Jason Black and R. D. Holtz
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Conclusions:



Long-Term Performance of 
Geotextile Separators: 

Bucoda Test Section--Phase III
(2003-04)

***
Brian Collins and R. D. Holtz

Sponsored by WSDOT
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Long-Term Performance of 
Geotextile Separators: 

Bucoda Test Section--Phase III
(2003-04)

***
Brian Collins and R. D. Holtz

Sponsored by WSDOT



Scope of Research

• Field investigation

• Laboratory investigation

• Analysis of field and laboratory results

• Analysis of Falling Weight Deflectometer 

(FWD) data



Phase III Investigation

• Field investigation conducted during 
August 2003

• 12 years after construction

• Main objective: investigate influence of 
geotextiles on long-term performance 
of pavement section.



Field Investigation

• Excavation of 12 – 4’ x 6’ test pits 
• Material sampling:

– Base course at three levels
– Subgrade
– Geotextile

• In situ testing:
– Shear strength – pocket penetrometer,  torvane
– Density – nuclear density gauge



Pavement Removal



Pavement Removal 



Base Course Removal 



NP4-NB Rut



NP4-SB, Top and Bottom



Soil-SB Test Pit



1 inch

Base course-subgrade interface 
(SB–Soil)

25mm



Trailer-Mounted FWD



FWD Results – subgrade moduli - NB
Northboun d
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FWD Results – subgrade moduli - SB

Southbound
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Conclusions:
1.  After 12 yr heavy traffic, test section still OK.
2.  Consolidation + increase in subgrade modulus occurred  

within a few months after construction.
3.  FWD useful for evaluating pavements with geotextiles.
4.  IF the subgrade has moderate stiffness, thickness of  

stabilization aggregate may be reduced with a geotextile.
5.  Lightweight geotextiles (<200 g/m2) under moderate 

survivability conditions can perform as well as heavier 
geotextiles (for 12 yr….).

6.  Current design methods for retention are OK -- but 
conservative.



Concluding remarks...•
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