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Study Overview

BVT: Beam Verification Tester

To assess the reliability of the test equipment using the linear elastic material
To assess whether full spectral analysis is required for field data

» Asimply supported beam assembly with known and adjustable static stiffness.

» The known static stiffness of the linear elastic beam (k
measured stiffness (k

< beam) Was compared to LWD

pea k) .

> Hoffman (2004) found that k., produces significant systematic error in BVT static
stiffness Estimation.

» Hoffman proposed spectral analysis of data to calculate k..

> Our studies showed a very good agreement between k., and k for all the three devices
in contrary to Hoffman (2004) study.

Study Overview
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Methodology

impact
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» To reduce the effects of experimental noise and variability, a spectral average technique was used.

K()=GCixf (f)/Gixx (f) Glxf (f)=one-sided cross-spectral density function
Glxx (f)= one-sided auto-spectral density function

» Quality of the measurements and validity of the linearity assumption via the coherence function

12 (F)=IGixf (12 /Glxx (f).Clxx (f)

BVT Test Results

The reason for Zorn and Olson slightly underestimating in high
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BVT Test Results
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BVT Test Results
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Conclusion

Overall, in contrary to Hoffman (2004,) it was found that the conventional, peak-based
method of backanalysis produces correct estimates of the static stiffness of the BVT.

The spectral-based data interpretation method could enhance the results marginally for
Dynatest, but was deficient for Olson LWD.

7/17/15



Appendix F
On-Site TAC Meeting Presentation

“Drying Analyses” (Afsharikia)

TPF Program Standard Quarterly Reporting Format —7/2011



Standardizing the Lightweight Deflectometers for Modulus
Determination and Compaction Control of Unbound Material

Parametric Study of Soil Drying
in the Field
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Objective

Investigate the factors that affect moisture change in the field

Develop a simple tool for predicting moisture changes due to drying after
placement and compaction of soil

Establish a reference to specifying the amount of drying based on field conditions

Utilize the predicted moisture profile after drying for interpreting LWD modulus

measurements
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Initial 4 days 8 days

Analysis Approach

Identify the physical process of evaporation from soil to atmosphere

Identify the appropriate soil properties and variables which control evaporation

Identify the theoretical framework to describe evaporation from soil

Find the practical software/code available to model the evaporation

Model the one layered subgrade and two layered base on subgrade systems

Validate the results based on available laboratory measurements

Compare predicted vs. measured moisture contents in the test pits

Demonstrate the applicability of modeling to practical field situations
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Flow Equation

* System of equations for describing soil to atmosphere evaporation (Wilson, 1990) :

— Evaporation

E=f(u)(e;—e¢,)

E=Vertical vapor flux into the atmosphere, (mm/day)

f(u)= A function depending on wind speed, Warmer end

surface roughness and atmospheric stability j
Water

e, = Vapor pressure at the soil surface, kPa § drained

€

a

Vapor pressure in the air above the soil, kPa

Flow Equation

* System of equations for describing soil to atmosphere evaporation (Wilson, 1990) :

— Moisture Flow h,,= Total hydraulic head, m
C!,C2 = Coefficient of consolidation

oh,, o P oh,, - 9 b apy k,, = Coefficient of permeability
- e + w@ Yoy D, = Coefficient of vapor diffusion

at oy
py = Partial Vapor pressure

— Heat Flow C, p,= Volumetric specific heat
T = Temperature, C
aT _d(,dT p+p, )0 ap, A = Termal conductivity
vPs o 5(15) Ly (T)@(DV g) py = Partial Vapor pressure
L, =Latent heat of vaporization, J/Kg.
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* HYDRUS

Software Evaluated

* UNSAT-H Code
* Flux Fortran code
v SoilVision SVFlux

Clay
Top soil

HYDRUS Validation

Table 1. Soil geotechnical properties.

Property Clay Top soil
Specific gravity 2.707 2.64
Grain size

% fine sand 0 7

% silt 104 71

% clay 904 22
Atterberg limits

Liquid limit 63.9%" 32.5%

Plastic limit 30.9%" 21.0%

Plasticity index 33.0%" 11.5%
Compaction test

Optimum water content 25% 16.2%

Maximum dry density 1.58 Mg/m’ 1.75 Mg/m®

“From Yong et al. (1991) and Yanful and St-Arnaud (1991).

b From Machibroda et al. (1993).
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HYDRUS Validation
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HYDRUS Validation
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HYDRUS Two Layered Soil System
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UNSAT-H

o & | \wmware-host\Shared Folders\Desktop\Maisture prediction\ From Fayer, Michael \UNSATH_V30.. L =) el
&7 \Wmware-host\Shared Folders\Desktop\Moisture p

COMMAND LEVEL: The processing options are...

Program DATAINH

Uersion 3.01 @) Exit the program
Reinitialize
Scan the data
Create hardcopy output N
Create data vs time data files
Create data vs depth data files
Change the current *.res file

Contact:

ver
MSIN K9-33
Wa 99352
phone 589-372-6845
FAX 509-372-1

email mike.fayer@pnl.gou Enter the number of your choice

input filename without the
terminates the program)

LISTDATA (Option No. 4>

The LISTDATA options are:

@) Return to DATAOUT command level
Look H <(head> values
Look at THETA <(water content) values
Look QL (liquid water flow) values
Look infiltration <(rate and cum)
Look DAYTIM.DAYSTP.DAYAST . DAYSDH . DAYUBC
{simulated time and time step information>
Look at TMOIST (water storage)
Look at Water Balance values
{plant option unavailahle>

9> (isothermal vapor option unavailable>

Enter the desired option
Options for output device:
screen
1> file

Choose output device option >8

Data for up to 6 individual nodes can bhe viewed.
Enter the number of nodes desired <1 to 6> followed
by the node numbers <1 to 98> >




Validation

An initial comparison to the results obtained by Wilson (1990) was performed by
Gitirana (2004) using the FlexPDE solver used by SVFlux. The FlexPDE formulation
presented by Gitirana included full coupling of the moisture and temperature
partial differential equations.

Material

@l Beaver Creek Sand Tksal =2.59E+000 (m/day) n=0.405
yC i

&

0.250 +
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0.050 + SoilVision Software

&

Evaporation rate, mm/d
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T o T (RN (S (S SR S S '
. —»— Potential Evaporation
—0— Actual Evaporation, Column A )
5 —a— AE, Column B =
4 —»— AE, Flux program (Wilson, 1990) i
—AE, Moisture flow model implemented with FlexPDE
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]
o SR o Ry Ul e s e e i i
i i i
T - ! : : R
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Results of Gitirana (2004) as compared to Wilson (1990)
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AMC profile vs. depth:
Coarse Sand

Preliminary results

AMC profile vs. depth: Fine AMC profile vs. depth: Clay
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Preliminary results

AMC profile in depth After 10 hrs AMC profile in depth After 24 hrs
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Sensitivity Analysis

Temperature
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DMC% / DWind Speed
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Sensitivity Analysis
Relative Humidity
Fine Sand

Sensivity of Gravimetric Moisture Content to RH Vs. Time: Fine Sand
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Next Steps

* Parametric Analysis

Soil Type

Air Temperature
Wind Speed
Relative Humidity
Solar Radiation
Placement time

* Parametric analyses synthesized into an artificial neural
network tool for field usage

MOdellng tool Soil type and props,
Artificial Neural Networks Weather conditions,
)
n2
z |— > a
b
Change in MC
————
S S
- 1 1
N N N
Input Layer Hidden Layer Output Layer Outputs
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