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Questions

What is “Methylene Blue™?
Has it been used as a soll test?

Are there standard specifications for using
“Methylene Blue®™?

What equipment is needed to make a
measurement of “Methylene Blue” content?
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Questions

= What is a Per-co-meter?
= \What can you measure with it?

®" How can you use a “Methylene Blue™ test
together with a “Percometer” test?
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Questions

= Methylene Blue is a large organic molecule that
attaches to the surface of a soll particle.

® The amount of Methylene Blue that is adsorbed
by soil measures the specific surface area of that

soll.




TEXAS A*M*ENGINEERING

Base Course Aggregate

AASHTO T 330-07 Methylene Blue Scale
AASHTO T 330-07 MBV
(mg/g)

Failures

4 18

Problems / possible
failures
—1 .- 12

Marginally
acceptable

Excellent
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Grace Methylene Blue Test

Weigh 20g of sample***and 30g MB solution.
Mix them and shake for 5 min.

Take solution into syringe that has 2 micrometer
filter.

Replace the plunger and push solution to filter
into a 1 mL plastic tube.

Dilute the 130 mL aliquot with distilled water
to accurately total 45 g.

Fill the glass tube with the diluted solution
and place in the colorimeter.

Place cover over the glass tube and take a
reading. MB Reading will display in couple
seconds.

Determine the percent clay based on MB value
from the C-shaped figure.
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Start with

Is MBV greater than MBV
critical?

©

20.0g passing # 4 soil and
30.0ml methylene blue

MBVc < 7.00

Multiply MBV with 1

MBV x 1

Prepare a new solution
with

Is MBV greater than MBV
critical?

Multiply MBV with 2

Prepare a new solution
with

Is MBV greater than MBV
critical?

Multiply MBV with 4

MBVc > 7.00

10.0 g soil and 30.0 ml
methylene blue

©

MBVc < 7.00 MBVc > 7.00

MBV x 2

5.0 g soil and 30.0 ml
methylene blue

yes

D

MBVc < 7.00

MBVc > 7.00

MBV x 4
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HORIBA Particle Size Distribution Analyzer

ARTICLE SIZE
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LASER scarTening P
DISTRIBUTION AN

LA-910

« Typical test result of a
soll sample

* Determine size of 2 ym
particle

less than 10 min

* Particle size distribution curve
of passing No. 200 sieve

 Total measurement time is

Farticle size § pm
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What is pfc?
Percent passing
2 micrometer
percent —2,um
fines pfc = x100
content —#200

Percent passing
No0.200 sieve

Percent Fines Content
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The Relationship Between MBV and pfc

40.00

35.00 Zone Il R?=0.79

30.00
25.00
20.00
15.00

10.00

Methylene Blue Value (mg/g)

5.00
Zone |

0.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Percent Fines Content (%)

® Measured Data Points ——pfc Modeled Plot - - -MBV=7.0 Critical Point Line
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“C” Shaped Curve Equation

Coefficient parameters
depend on soil type

(MBV)
Percent fines Methylene Blue
content Value

Typical Values

a 28.014
b 0.8131
0.6288
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A Good Quality Base Course
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A Poor Quality Base Course

40.00
35.00
30.00
25.00
20.00
15.00

10.00

Methylene Blue Value, MBV

5.00

0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Percent fines content, pfc
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Base Course Aggregate
Grace Methylene Blue Value Scale

Grace MBV
(mg/g)
28 1

Failures
21 1

Problems / possible
failures
14

Marginally
acceptable

7 —1—

Excellent
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Base Course Problems in Design and
Implementation
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Major Distresses in Pavements

= Asphalt Surfaced (Flexible) @
= Fatigue Cracking |
= Rutting

= Joint Faulting
= Erosion and Pumping

| A-f r#pl_i“oto courtegv of FHWA : g

Most major distresses start with poor support
provided by the “BASE COURSE”
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Problems in Base Course

= Pavement performance and life cycle cost
depend on the design of the base course.

= Base course will perform well if the design
properties are the same as those when it is built.

= Designed and constructed layer properties are
not the same.

® There is a need to ensure properties of the base
course in design are close to the base course
actually placed.
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Problems in Base Course

= | ayer modulus and permanent deformation
properties are directly related to pavement
performance.

® Measuring layer modulus and permanent
deformation in the field have major obstacles.
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Resilient Modulus and Permanent
Deformation Models
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Resilient Modulus
Saturation factor Octahedral shear

stress

Volumetric water
content

a a
First invariant of Matric Atmospheric
the stress tensor Suction pressure

k,.K,,K, — Coefficients of resilient
modulus model
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Measured and Predicted Modulus
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A Proposed Model (With Suction)
Generalized Model (Without Suction)
0
0 300 600 900

Measured Resilient Modulus (MPa)
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Aggregate Properties and k Values

Aggregate Property > k Vilues :
1 2 3
vq (Dry Density) v
® (Water Content) "
MBV v v v
pfc
v
Gradation e
Ac
Angularity W d 4
as v v
Shape ~ 4 _
ar v
Texture .
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Matric Suction and Water Content Measurements

l
I
I
Methylen* Blue Value, MBV - )
I
I
I
I

Methylene blue value
measurement

R
&

Dielectric Value, g, t

‘—-——-J

Dielectric value
. |measurement
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Soil Dielectric Characteristics Curve
(SDCC)
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Soil Dielectric Characteristics Curve (SDCC)
Curve fitting parameters

4
Saturated dielectric Ey FEL h -
constant  _ (1.45x10° - h)
1+0{ h \J7 Suction
h,=h Maximum
) Suction

Minimum dielectric

Dielectric constant
constant
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Typical Soil Dielectric Characteristic Curve

(SDCC)

S Maximum Suction

1.45 10° psi

A Measured Dielectric by a
Percometer and Measured
Suction by the Filter Paper Test

6.0 ﬁ
5.0
m
240
[
©
S 30
()]
2.0
A Minimum
1.0 Dielectric Constant
Value

o
O

M

min

A Saturated Dielectric
Constant Value —\

Dielectric Constant Value Esat
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A Standard Percometer Device with Surface
Probe

PER-CO-METER

PERMITTIVITY-CONDUCTIVITY-METER 28
e
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Dielectric Constant Measurements Process

with a Percometer

) Dielectric

Material
Constant

Air 1.0
Water 81.0
Asphalt 4.0-6.0
Concrete | 8.0-12.0
Clay 4.0-40.0
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Filter Paper Suction Test Setup

Two filter papers
for total suction

Ring support

One filter paper
in between two
protective papers

measurements
<— Soil sample
Bring the samples
e —— together for an
H <+ iIntimate contact in
e i — matric suction
\“""—-—-—-_
T —— |  measurements
<+— Soil sample
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Filter Paper Test: Part |

Prepare two generic soil samples by using standard
impact compaction machine.

For matric suction measurement insert a No. 589-
WH filter paper in between two larger filter paper.

Put other soil sample on top, keeping the filter
paper in between in intimate contact with soll
samples.

Tape together the two pieces of the soill
samples.

Place two 589-WH filter paper on top of the plastic
ring on top of the samples.

Put the lid on and tape it tight to prevent

moisture lost.

Tape tight to prevent any moisture
exchange between the air inside and
outside of the jar.

Insert the jar into a well insulated container for
suction equilibrium.
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Filter Paper Test: Part Il (After 1 Week)

Take the dry cold weight of the moisture tins.

Open the jar and carry the filter paper to moisture tin
using tweezers, in less than a few seconds.

Immediately close the lid of the moisture tin with
wet filter paper and weigh the tin.

(Note: This is for total suction measurement.)

Remove the filter paper that was sandwiched
between two samples. and carry into the moisture
tin.

Weigh the tin with wet filter paper inside and
note this is matric suction.

Place all tins in a hot oven at least 10 hours.

Leave the tin on aluminum block 20 seconds and
weigh with dry paper inside.

Record all the weights and calculate moisture
content of each paper for both matric and total
suction.
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Minimum Dielectric Value

Correlation for minimum dielectric vs MBV

Minimum Dielectric Constatn (& ;)

E

min

1.60

1.50

1.40

1.30

1.20

1.10

1.00

0.90

R?=0.7642

® Minimun dielectric
constant points

0.00

5.00 10.00 15.00 20.00 25.00 30.00

Methylene Blue Value (MBV)

= 0.1243log(MBV )+ 1.0668
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Saturated Dielectric Value

Correlation for saturated dielectric vs MBV

40.0

35.0

30.0

25.0

20.0

15.0

10.0

Saturated Dielectric Constatn (&)

5.0

0.0

gsat

R?=0.9311

® Saturated dielectric
constant points

0.0 5.0 10.0 15.0 20.0 25.0 30.0

Methylene Blue Value (MBV)

= 0.0334(MBV?)- 0.1086(MBV )+ 12.569
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A Family of Generated SDCCs

8.00

7.00

6.00

5.00

Suction (pF)
D
o
o

3.00

2.00

1.00

0.00

1.00

6.00

11.00

16.00

21.00
Dielectric Constant (&)

——E-01 1-3-2-3
——E-02 3-1-2
——E-03 6-10-1
——E-04 2-6
E-06 3-10
——E-06 1-13
E-07 69-1-14
E-08 2-1-6

26.00 31.00

E-02 1-3-4
——E-03 4-3-10
——E-03 6-10-3
——E-0561-12

E-06 2-6
—o—E-07 68-2-6
——E-08 235-1-12
——E-09 1-14

36.00

41.00
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Matric Suction and Water Content Measurements

l
I
I
Methylen* Blue Value, MBV - )
I
I
I
I

Methylene blue value
measurement

R
&

Dielectric Value, g, t

‘—-——-J

Dielectric value
. |measurement
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Soil Water Characteristics Curve
(SWCC)
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Soil Water Characteristics Curve (SWCC)
Fredlund and Xing Equation (1994)

Saturated volumetric
_ water content _

6, =C(h)x O, :
h ]|
In| exp(l) +| — J
a) ||
Volumetric Four soil parameters
water
content I i
In(1+:)
C(h)=|1- )
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Typical Soil Water Characteristic Curve (SWCC)

8.0

S~ Maximum Suction

7.0

6.0

en
o

Measured Suction by
the Filter Paper Test

Suction (pF)
N w »~
o o o

=
o

o
o

A Saturated Volumetric

Water Content —\

Volumetric Water Content (%)

BOsat
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Generate a Soil Water Characteristic Curve (SWCCQC)

Suction (kPa)

1.E+06
1.E+05
1.E+04

1.E+03 +

1.E+02
Measured

suction
1.E+01

1.E+00

Filter paper test

Measured water
content

Km=m———==d

1.E-01 < T v ¥ T v v v T v

Water Content (%)
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Four Parameters

Correlations for parameters a; and b :

3.5020

3.5015

3.5010

3.5005

a¢ (psi)

3.5000
3.4995

3.4990
0.00 5.00  10.00

a, =3.4994MBV °*?

15.00 20.00
MBYV (mg/g)

R?=0.9154

25.00

30.00

2.008
2004 . R2=0.7719
2.000
& 1.996
1.992

1.988

1.984
0.00 5.00 10.00 15.00  20.00  25.00  30.00

MBYV (mg/g)

b, =2.0044MBV %
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Four Parameters

Correlations for parameters c; and h,:

0.420 20.0006
R2=0.859

0.350 20.0004 o= 0796
0.280 20.0003
S =
0.210 20.0001
0.140 20.0000
IS
0.070 19.9998
000 500 1000 1500 20.00 2500 30.00 000 500 1000 1500 20.00 2500 30.00
MBV (mg/e) MBV (mg/g)
¢, =0.4956MBV ** h, = 20.00xMBV ***~%

42




TEXAS A*M*ENGINEERING

Saturated Volumetric Water Content
Predicted and calculated saturated volumetric

water contents:

0.300
0280 R2 = 09916 .....
&
@
0.260 ’
0.240 s
0.220
. o .-%
$ 0.200 -
o [ -0 .
8 0.180 ," @ Saturated volumetric
= & water content data
3 0.160 o .
] points
© 0.140
0.120
0100 -«
0.100 0.150 0.200 0.250 0.300
Predicted Bsat
0, =0.214926485H,, +0.27640261H,, -0.12511932H,, +0.30045553

Hyy  H,, andH,, = f(MBV and pfc)
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A Family of Generated SWCCs

8.0
e £-(02 1-3-4 s | E-02 2-3-2 s £-02 3-1-2
7.0 i E-03.4-3-10 e |F-03 6-10-1 E-03 6-10-3
S
" e £-(05 61-12 E-04 1-3 et £-04 2-6
6.0 - == T-06 1-13 E-06 26 === £-06 3-10
E-09 1-14 s | E-01 1-3-2-3 e £-(7 68-2-6
5.0
== £-()7 69-1-14 ==jé=|E-09 2-1-6 et .09 235-1-12
B
— 40
[
Rl
g
® 30 - = R
2.0 E \3
1.0 E ] 3
0.0
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Volumetric Water Content (0 )
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Optimum Moisture Content
and
Compaction Curves
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Automatic Compaction Device

R o » Followed Test procedure
4% « Tex-113 E
» « Base course sample

e 6 In diameter

« 8in height

* 4 layers
« Compaction

« 750 ft-lbs per layer
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Compaction Curve Equation

Three fitting parameters change with soll type

Dry unit weight
[7—") =a, | csch ( Ousa j —Db, csch( 0 :a j
Yw Gs (Hsat _gw) Gs (esat _ew)

Unit weight of Specific  Volumetric Saturated
water gravity water volumetric water
content content
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_iquid Limit

45.00

® Measured Data Points /

S P
40.00 — =90 Percent Confident Levels 7

— LL Fitting Curve 7
35.00

30.00

25.00

Liquid Limit (%)

20.00

15.00

10.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
Methyelene Blue Value (mg/g)
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Dl L ] | ] d
asticity Index
26.0
® Measured Data Points :
210 - P| Fitting Curve
' = =90 Percent Confidence Bounds
S
\g 16.0
=)
=
>
S
@ 11.0
o
6.0 -
1.0 T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Methylene Blue Value , mg/g ,(MBV)
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Specific Gravity
Liquid Limit

0.3076 —-0.3525
255+29u24$('m'4 j (ﬁLL_lj

22—PI 40— LL
s 0.3076 -0.3525
1+ (243 271 LLd
22—PI 40— LL

Specific Gravity

Plasticity Index
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Typical Compaction Curve as Tested in the
Laboratory and as Modeled

Gamma dry (pcf)

144.00

142.00

140.00

= = =
w w w
o o ©
o o o
o o o

132.00

130.00

128.00

0.030

0.040

0.050
Water content (wc)

O\
¢!

=4=Model

=@-Laboratory

Optimum Moisture
Content

0.070
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Optimum Moisture Content

G.O.. In

S~ sat

E
2

21—nd b
a, N,

2

Wl

2""h,

a, Ny

1

j —1+ny

opt

6., +G,In

Optimum Moisture
Content

2",

e
2 a,n,

2

)

2""h,
ANy
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A Family of Compaction Curves

Generated compaction density-moisture curves

160

-a-E-01 E-02 -e-E-03
155

=e—E-04 —e—E-05 —e—E-06
150

E-07 —e—E-08 ——E-09

145 “

\
Pow

= 207
é 140 \ /
2 " "
.20 v
o
= 135 \
‘e
)
2 130 \
[a]

125

120

S=10% S$=20% S=30% S=40% S=50% S=60% S=70% S=80% S=90% S$=100%
115
0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0% 16.0% 18.0%

Gravimetric Water Content
53
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A Case Study: Verification GPR and FWD
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Test Location

» ENDPROJECT

BEGIN PROJECT

Base Course Pit:
Martin Marietta Material
Oklahoma

Site:
Delta County, Texas

Total length:
4.5 miles (~24000 ft)

i m =3

N e W T e
. e dbth @y R . . )
,;lSurface AC Layer I-.,;;’ SRR ‘% w i Thickness ~4.0 inch P
Y 0 - e T et - A ALY omley . —

‘Base Course Layer

| Thickness ~12.0 inch T

[ ‘j::‘.'l\'. ;‘V.L ST \‘_f\!;
S S (Y "Qi;'fi-: ERa Vi
B

r;wSubalade Layer

; ' IL J S ?‘ > _zw-:-'A,A"
bl ¥ \ie .{r'. '73“'m"4 G

/1/11/1/1/11/1/

Vertisol Soil Layer

T Ty LA T AN
L RS S LA B
fo RSty > :
W// T SR ST S

Semi Infinite
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Return Reflection at Interfaces

TEXAS A*M*ENGINEERING

Distance —»
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Falling Weight Deflectometer (FWD)
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Falling Weight Deflectometer (FWD)

SURFACE I

WAVES " GEOPHONES
—- TIME_——

/ i i ///DEFLECT!ONV

=

THE FALLING WEIGHT DEFLECTOMETER




Deflection (um) & Load (psi)
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Falling Weight Deflectometer (FWD)

700
600 -
500 -
400 ~
300 -
200 -
100 A

0
(

-100

N h AN
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FWD Test Performing Animation Video
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Field Measurements

— S—
- EEREEER - . Modulus

_ =) I

Dielectric Constant

Layer Thickness

Modulus Software |

- . - ’ Current Approach

A Developed Approach

PaveCheck Software

Dielectric Constant
Layer Thickness
Soil Suction
Volumetric Water Content
Gravimetric Water Content ~
Dry Unit Weight
Max Dry Unit Weight
Calculated Modulus

Dielectric Constant

Layer Thickness

Methylene Blue VValue

LayerMAPP Software
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Information from GRP

Dielectric constant

= e
o N
| |

GPR dielectric

O N b O ®
T SR B

0 4000 8000 12000 16000 20000 24000
feet

Base course thickness

P R NN
g o o o O,
I I I I ]

Base thickness (in)

o

0 4000 8000 12000 16000 20000 24000
feet
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Information from GRP

Matric Suction

5.0 -
S 4.0
c
S 3.0 -
(&)
320 -
(&)
£ 1.0
[
= 00

0 4000 8000 12000 16000

20000 24000
feet

Volumetric Water Content

Volumetric WC
=) =
= 9 N
[6)] N (63 ]

© ¢
o ©
o1 =

o

o

4000 8000 24000

12000 16000 20000
feet
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Information from GRP
Dry Density

LN

w b b

a o o
| L |

[y

N

(&)}
L

[ERN
N
o

0 4000 8000 12000 16000 20000 24000
Distance (ft)

Dry Unit Weight (Ib/ft3)
|_\
w
o

Resilient Modulus

FWD Back-calculated
40 Resilient Modulus

iy A
A &

X Maaabksd Ve «
x Predicted Resilient
Modulus

Modulus (ksi)
NN
o o1
>
\
|

475 950 1425 1900 2375 2850 3325 3800

o

Station
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Develop a Software Program: LayerMAPP
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What is LayerMAPP?

= | ayer Measurement and Analysis of Performance
Properties (MAPP)

= Methylene blue test, AIMS test and Percometer

= Quality control and quality assurance supporting
layer analysis tool
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Structures of LayerMAPP

Dielectric
Constant Value

Percometer Test

—> Liquid Limit l

> SDCC Model

—» Plasticity Index l

|
|
|
|
[
|
|
|
[
|
|
|
|
|
|
Methylene Blue :
Test ——» Soil Suction

|

[

|

|

|

[

|

|

|

|

[

|

|

|

|

|

|

|

|

|

|

[

[

—> pfc l

» SWCC Model
—» Specific Gravity ———» l

Performed Measurements

v
Compaction Moisture

Model Content

]

Base Course
Models

AIMS Test
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Layer MAPP

LayerMAPP.
File Help About
—
MET ALD SDCC SWCC omc PD Mr
Methylene Blue Test
Methylene Blue Sources (ST
Fic G :
MBT ALD 8DCC swcec omc PD Mr
Material Sources '
= 50|
Methylene Blue Volume vBV): 3l R loverare
Limits-Diffusivity File Help About
percent fines content (pfc) Inpats
pic(%)
Curve Parameters MEBET ALD sSDCC sSwce omc FD mr
<[z MBV(mg/g) -
z LayerMAP = x|
Aterberg Limits and Diffustvity Suction Dieletric Characteristic C _—
b ofll | Liquid Limit File Help About
o s B | | Percometer Reading
AL . ME
ey e . MET ALD sDcc swoc omc PD Mr
PI(%) e[
Dielectric Value(&;): 10.00 . ... | dk LayerMAPP =] x|
Diffusivity B Suction Water Characteristiq =~ iR iy
D (cmysec)| 0. — swee File Help About
Matric Suction(f), pei Specific Gravity (G,): 2| r
N MBT ALD SDCC swcec omc PD Mr
Matric Suction(h,), kPa: Matric Suction (hz), psi:| 2
Volumetric Water Content (8,): 0 . .
Matric Suction(h), pF ¥°H Optimum Moisture Content
—_— Four Pasameters Material Properties File Help  About
picmethod @ MBV| MEV:
[ ]
e Y MBT ALD SDCC swcec oMC PD Mr
b |3
Gravimetric Water Content R R
Permanent Deformation Testing
Unit Weight ATMS Test -
Max Dry Unit Weight(ya e, pef @a: 325 Aa: 36334 0.0003—
ag: 075 As 99 -
Moisture 0.00027—
Optimur Water Contentiiv.s): | 7,18 o) 267 A 2385 P
Inputs
£ 0.00021-
z
=)
w =
pic [119% 2 oooots /
S s
Dry Unit Weight(ys), pcf: E 0.00015-
—_— FD Modls £ 000012+
VESYS Tseng Lytton © .3
- 910" |
o e |
610" |
T ) |
w00 o .
3107
& 00003850 B
A4
T T T T T T T T T T T T
0 2000 4000 £000 5000 10000 12
Load Repetitions(N)
[ analyze [ Prew  |[ Newt




TEXAS A*M*ENGINEERING

Tests to be RUN In the FIELD

« MBT- Methylene Blue Value
« Percometer-Dielectric Constant Value

What Can be Measured in the Field?

 Percent Fines Content
 Gravimetric Water Content
 Volumetric Water Content
e Suction

* Dry Density

 Resilient Modulus

* Permanent Deformation
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Test to Run in the LABORATORY PRIOR TO
Construction

N A~ DNRE

MBYV and pfc on samples of base course

Suction vs Dielectric constant (matric suction with
filter paper)

Suction vs Water volumetric content (matric suction)
Compaction curve (dry density vs gravimetric water
content)

Specific gravity of solids, Gs

Gradation Weilbull scale and shape coefficients
Aggregate Imaging System: Weibull Scale and
Shape coefficients for

Form
Angularity
Texture

Base course diffusivity
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Matric Suction and Water Content Measurements

l
I
I
Methylen* Blue Value, MBV - )
I
I
I
I

Methylene blue value
measurement

R
&

Dielectric Value, g, t

‘—-——-J

Dielectric value
. |measurement
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Methylene Blue Equipment
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Dielectric Constant Measurements Process

with a Percometer

) Dielectric

Material
Constant

Air 1.0
Water 81.0
Asphalt 4.0-6.0
Concrete | 8.0-12.0
Clay 4.0-40.0
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Methylene Blue Test of Soil Properties:

A Rapid and Accurate Field Test
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