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Mechanistic-Empirical (M-E) Pavement Design
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Source and Effect of Water

Pavement infi

Ll

ltration

L] |

200

/CH

Vapor

Capillary
movements "

I

| Seepage from
raction  higher ground

Rising water table

v |

Water table

» Soil expansion
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» Reduction of soil strength and stiffness
» Erosion of concrete pavement




Moisture-related Pavement Distresses
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re-related Pavement Distresses

Credit: City of Edmonton, Canada

Failed after one freeze-thaw cycle due to high groundwater table




Behavior of Compacted Soil
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Road Drainage and Problems
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1. Conventional approach: use drainage materials (aggregate, sand
layers, or geotextile), only reducing moisture content to a field capacity

condition

2.Road condition: often unsaturated and subjected to capillary rise



Wicking Geotextile
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Mechanisms & Benefits of Geosynthetics in Roads
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Wicking Geotextile to Remove Water
in Pavement Structure
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Wicking vs. Non-wicking Geotextile
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Almost no water was wicked out by the non-wicking geotextile !!




Moisture Reduction Tests
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Fines Effect
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Moisture Reduction Test Results
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Moisture Reduction Test Results
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Influence Distance of Wicking Geotextile

{FAbove geotextile 12 in.
O-Below geotextile

6 in.

Influence distance (mm)

0 5 10 15 20
Fine content (%)



Large Box Tests
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Guo, J., Han, J., Zhang, X., and Li, Z. (2021) “Experlmental evaluation of wicking geotextile-stabilized aggregate bases over subgrade under rainfall
simulation and cyclic Ioadlng " Geotextiles and Geomembranes, 49, 1550-1564. 8



Test Procedure and Results
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Frost Heave Prevention
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New Treatment with Wicking Geotextile

Courtesy of
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Mitigating High Groundwater Table and
Freeze-thaw Problems for Concrete Pavement

. Section I |

Section 11

Section IIT |

US169 in lola, Kansas , USA

under a concrete pavement subjected to precipitations and temperature variations.” Geotextiles and Geomembranes, 50(5), 1004-1019.
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Pavement Condition before Reconstruction
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Liu, H., Han, J., Al-Naddaf, M., Parsons, R.L., and Kakrasul, J.l. (2022). “Field monitoring of wicking geotextile to reduce soil moisture




168-1 KA-3254-0/
Tesr Section [with AB-

PCCP

Test Section |
AB1 aggregate/wicking geotextile

Instrumented Test Sections with Moisture Sensors

Cross section

Test Section Il
Control: AB1 aggregate

= Moisture sensor

Cross section

oo o a<
= Moisture sensor S = |
SM::':‘:P P — J S 5 POCP (HROS)
AB1 aggregate i 285101 B9 e oou sy ko —8%5:“ c& Moisture
= s —eHmEl  sensors
Aot : == Natural subgrade - 0.15ml .
Wicking geotextile g om(307 ° 6.6m{224:/5.1m(17’) 3.6m(12') 1.8m(6') |
Lo P la le la
s ™ ™ ™ 1€
I
169~ KA-3254-01
Alfernale /
PCCP
(20-Year Designl @ 1
I
e = Cement-treated aggregate bas¢
Wedpe (Rock: i 42 Stope 5% | ]
CE T s Moisture
o = AB1aggregate =m T 7T
mfﬁﬁﬂm Sait 120 CTS6 Sensors

/ %emem treated subgrade
N i 7.5m(25))..| '

5.1mh(17 ) 3.6m (12°)

onwoven geotextile

Seacify ona Compoct &°

|

I‘

1
L |



Instrumented Test Sections with Moisture Sensors
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Field Monitoring Results
Test Section lll: AB3 aggregate/wicking geotextile
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Field Monitoring Results
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Field Monitoring Results
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Both evaporation and drainage reduce moisture content.




Field Monitoring Results

Section 1: wicking geotextile Section 2: no wicking geotextile



Concluding Remarks

= Wicking geotextile could remove water from soil under a field
capacity (unsaturated).

= Wicking geotextile was more effective in reducing water content
with time than non-wicking geotextile.

*» The ability of wicking water from soil by the wicking geotextile
depended on temperature, relative humidity, fines content, and
distance to the wicking geotextile.

» The wicking geotextile significantly reduced permanent
deformations of test sections under cyclic loading.

» Field studies confirmed the effectiveness of wicking geotextile in
removing moisture and mitigating moisture-related road problems.



Thanks!

Questions?
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