Pavement Design Research
Update — Base Clearance

Background

Plans Preparation Manual (Table 2.6.3):
required clearance for the roadway base course
above the base clearance water elevation

Based on facility type

= 3 feet for freeways & rural multilane mainline

= 2 feet for rural 2-lane & ramps
= 1 foot for all other facilities including urban

Not based on soil type or material properties
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Research Project Goals

Contract with FAMU/FSU (Dr. Virgil Ping)
Effect on stiffness (resilient modulus, Mg) as a
result of the following factors:

Varying long-term water elevation

Soil type

Capillary effects

Maximum height
Time effects / Duration

Material properties versus performance properties
(plate load test modulus)

Testing Program

Laboratory:
Proctor density
Classification (gradation, Atterberg limits, hydrometer)
Resilient Modulus
Limerock bearing ratio (LBR)
Permeability
Soil Suction

Test Pit: Plate load tests at controlled water levels

Field Constructability Study: Full-scale roller compaction
to achieve field density
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Testing Program - Materials

Phase I:
A-3 (4% & 8% fines)
A-2-4 (14% fines)

Phase Il:
A-2-4 (12%, 20%, 24%, & 30% fines)
A-1 (South Florida limerock)

Phase llI:
A-2-4 (15%, 23%, 31% fines)

Laboratory Program
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M Lab Test

Cyclic, Drained Triaxial Test

AASHTO T 307 (Determining the Resilient
Modulus of Soils & Aggregate Materials):
Simulate physical conditions & stress states of materials
beneath flexible pavements subjected to moving wheel
loads
Value of Mg from lab test is a measure of the elastic

modulus of untreated base, subgrade & embankment
soils recognizing certain nonlinear characteristics

What is M,?

Loading

Stress Initial

Tangent Unloading

/ MI’ = Gdlgl’

Strain, &
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2 Spring-loaded External LVDTs
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Effect of Moisture on My

A-3 Soils A-2-4 Soils
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Test Pit Program

Water Source

Sump System with
River Gravel

Sectional View of Test Pit
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Hydraulic
Actuator

Rollers

3 Test Material s
A-3 Embankment

: Bunders Sand ==

Schematic View of Test Pit

Test Pit Construction

A-3(5%) Seil
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Test Pit Construction

TDR Instrument

TDR Method

TDR = Time Domain Reflectometry

Equipment measures the time period of an
electromagnetic pulse wave sent into the soil

Time period is related to the changing conductivity
profile (dielectric constant) within the soil

Use existing equations to relate dielectric constant to
a volumetric moisture content

Express the volumetric moisture content to a
gravimetric moisture content using 3-phase
relationships
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TDR Moisture Probes

Cross-Section of Test Pit

5” Limerock

TDR
SR70 A-2-4 6 gogés Erelis SR70 A-3

spacings

Embankment Embankment
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Test Protocol Sequence

50psi 50psi 50 psi 50 psi 50 psi

20 psi 20 psi 20 psi EIE * JE *

Limerock Base

Load Test Load Test|Load Test

Moisture Profiles

A-2-4 (-200 = 15%) W.T.-24" > 0"
a5 36
Odays
x . . » ; 1day
-] —, 5 - = -3days
= 20 : - - ‘," = 20 5 Tdays |
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Max. Capillary Ht. = 18” Time Period = 3 days (< 7 days)
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Moisture Profiles

A-2-4 (-200 = 31%) W.T. 24" > 0’
35 36
20 4 2 4 Odays
1 day
g 25 - E 25 1 Idays
= 20 4 = 2% 4 7 days
15 - e 15 17 days
10 4 " 10 4
+12
5 i +247 5 1
o —_——————— 4
g 2 4 9 & 10 12 14 18 g 2 4 8 B8 10 12 14 18
Holsture Comtent %} Holsturs Content %)
Max. Capillary Ht. = 21” Time Period = 17 days (> 7 days)

Capillary Results

For the soils with -200 < 15% (except for the 12%
A-2-4):

Max. height ranged from 18” to 24”

< 7 days, typically 3 to 4 days (except for 14% A-2-4)

For the soils with -200 > 15% (including the 12%
A-2-4):

Max. height ranged from 21” to +33”

> 7 days, typically 7 to 14 days (except for 20% A-2-4)
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Plate Load Test Procedure

Static Plate Load Series — 18! three load cycles

Subgrade: 500-pound increments up to a maximum
load of 2,000 pounds (17.7 psi) & rebound to zero
after each cycle

Base: 1,000-pound increments up to a maximum load
of 5,000 pounds (44.2 psi) & rebound to zero after
each cycle

Dynamic Load Plate Test

After third static load released, dynamic loading
applied at one Hertz for 30,000 cycles

Pressure of 20 psi for subgrade and 50 psi for base

Method of Analysis

Three modulus values (for each W.T. condition):
3rd Cycle Static Secant Modulus
Average Static Rebound Modulus (from 15t three cycles)
Average Dynamic Resilient Modulus = 10,000 cycles

z(l—v?) pa
E =
2 A
where: p = applied load, pounds 1st term:
a = plate radius, inches 1.18 w/ v =0.50
A = deflection, inches 1.38 w/v=0.35
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Method of Analysis

Initial Static Load Tests 3rd Cycle Secant Modulus
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Resilient Modulus Results

A-2-4 (-200 = 15%) A-2-4 (-200 = 23%)
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Humber of Cycles Number of Cyches
@ 3: Mg =30,585 @ 3: Mg = 83,134
, 3’ > 2" 20.7% reduction , 3’ > 2" 9.5% reduction
@ 2': Mg = 24,255 ) @ 2': Mg =75,275 i
.6% reduction .5% reduction
3 > 1" 41.6% reduct 3 > 1’ 45.5% reduct
@ 1": Mg = 17,855 @ 1": Mg =45,314

Summary of Findings

Reductions in moduli not consistent with -200
(fines content) in every case

For A-3 soils used in this study:
9% to 14% reductions at a 2’ base clearance
21% to 27% reductions at a 1’ base clearance

For A-2-4 used in this study:
9% to 28% reductions at a 2’ base clearance
23% to 43% reductions at a 1’ base clearance

8/4/2008

15



8/4/2008

Effect of Drawdown
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Field Constructability Program

Constructability Study
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Constructability Study

Subgrade 127

Case Al

Subgrade 12"

Case A2

Constructability Study

Case A3

Subgrade 127

Subgrade 127

Case A5
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Constructability Study

Degree of Compaction Vs. Covers at-12" Water Level (Lake

Worth Sita)
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Constructability Study

Degrea of Compaction Vs. Covers at -8 Water Level {(Lake Worth Ske)
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Results from Field Study

Density was achieved with either static or
dynamic compaction & GWT at least 18” below
subgrade-embankment interface

Density could not always be achieved with
dynamic compaction & GWT at 12” below
subgrade-embankment interface; static
compaction achieved adequate density
Density could not be achieved with either static
or dynamic compaction & GWT less than 12"
below subgrade-embankment interface

Implementation of Results
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Issues for Implementation

No strong trends with modulus reduction &
typically specified material properties (gradation,
permeability, etc.)

Without strong trend, difficult to specify special
select material for highwater conditions

SHGWT elevations are not an exact
measurement (+/- 6" to 127)

The drawdown case is a critical condition in
certain soil types that needs to be considered
Must consider constructability restrictions

Implementation Strategy

To eliminate the need to specify select soil, used
all of the data from all soil types

Flexible process for the designer
Allow for various base clearances

Use reductions to the embankment Mg to account for
base clearances < 3’ (based on test pit results)

Used similar statistical analysis that is used in
determining embankment Mg
Design Value = Mean + 2 Standard Deviation
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Implementation Guidance

For 2’ base clearance:

= Range = 8.3% to 27.7% (% Reduction in Modulus)

= Mean = 13.2%; Std. Dev. = 6.1%

= Design Reduction Value = 25%

For 1’ base clearance:

= Range = 21.9% t0 43.3%

= Mean = 35.5%; Std. Dev. = 8.0%

= Design Reduction Value = 50%

Note in PPM that dewatering might be required
for 1’ base clearance

Questions?
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