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HAMBURG WHEEL TRACK DEVICE

The Hamburg Wheel Tracking Device (HWTD), developed in Germany, can be used to evaluate rutting
and stripping potential. The HWTD tracks a loaded steel wheel back and forth directly on a HMA sample.

Tests are typically conducted on 10.2 x 12.6 x 1.6 inch slabs (although the test can be modified to use
SuperPave gyratory compacted samples) compacted to 7 percent air voids. Most commonly, the 1.85

inch (47 mm) wide wheel is tracked across a submerged sample for 25,000 cycles using a 158 Ib (705 N)

load. Rut depth is measured continuously with a series of LVDTs on the sample. The HWTD has been

found to have excellent correlation with field performance (especially in moisture damage evaluation). (¥

Asphalt Pavement (25,000 passes,
10 mm rut depth

G5

G5 / " mixture (25,000 passes, 0.3
mm rut depth)

pavementinteractive.org

(2) Testing performed at CGI Technical Services, Inc. Redding, CA

Millimeters of Rut Depth
4

http://www.

pavementl teractive.or

g/article/labor
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ory-wheel-tracking-devices/> 21 December 2015

Results
TechniSoil Industrial G5
blended with %” minus
crusher fines was tested in
an accredited hot mix
asphalt laboratory.? The

results of the HWTD test
show the  outstanding
resistance to rutting and
moisture induced damage
mixtures with G5 exhibit.
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ASPHALT PAVEMENT ANALYZER

The Asphalt Pavement Analyzer tracks a loaded aluminum wheel back and forth across a pressurized
linear hose over a sample. Although the APA can be used for a number of tests, it is typically used to
measure and predict rutting. Most commonly, the wheel is tracked across the sample for 8,000 cycles
using a 100 Ib (445 N) load and a 100 psi (690 kPa) hose pressure. Test samples can be in the form of
beams or cylinders. Beams are typically compacted with the asphalt vibratory compactor, while cylinder
samples are typically compacted with the SuperPave Gyratory Compactor.(

G5 / Recycled Asphalt Pavement
(8,000 passes, 0.5 mm.rut depth)

Asphalt Pavement (8,000 passes, 9 G5 / Recycled Asphalt Pavement
mm rut depth (8,000 passes, 0.5 mm rut depth)

G5

Millimeters of Rut Depth
2 4 6 8 10

ory Wheel Tracking Devices" 1 July 2011. http://www.pavementinteractive.org <http://www.pavementinteractive.org/article/laboratory-wheel-tracking-devices/> 21 December 2015

g performed at CGI Technical Services, Inc. Redding, CA,

Results

TechniSoil Industrial G5 and
100% recycled asphalt
pavement was tested in a
federal hot mix asphalt
laboratory.®) The results of
the APA test show the
outstanding resistance to
rutting mixtures with G5
exhibit.



RUTTING RESISTANCE : FLOW NUMBER

Evaluating the rutting resistance of a mixture using the flow number is straightforward. During flow
number testing, a specimen is subjected to a repeated compressive load pulse at a specific test
temperature. The resulting permanent axial strains are measured for each load pulse and used to
calculate the flow number, or point where the specimen exhibits uncontrolled tertiary flow. The current
requirement for highways constructed in the interstate system is a minimum of 740 cycles before flow
occurs. The flow number requirement is based on the design Equivalent Single Axle Load (ESAL).

20,000 Cycles

ASPHALT STANDARDS TESTER

G5

r IPC global
Recycled
Asphalt

Pavement Results

TechniSoil Industrial G5 and
100% recycled asphalt
pavement was tested for
flow at University of Nevada
Reno. G5 exhibits the
highest cycles for flexible
pavements. Testing was
aborted at 20,000 cycles
when no tertiary flow had
been observed.

3to<10 3to<10 3to<10
Millions ESAL

(1) www.fhwa.dot.gov/pavement/pubs/hif13060.pdf

(2) Testing performed at the Western Regional Superpave CVenter
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(2) Testing performed at TechniSoil Laboratory Redding, CA

850 psi

LE STRENGTH

In HMA pavements, The tensile strength is primarily a function of the binder properties. The amount of
binder in a mixture and its stiffness influence the tensile strength. Tensile strength also depends on the
absorption capacity of the aggregates used. At given asphalt content, the film thickness of asphalt on the
surface of aggregates and particle-to-particle contact influences the adhesion or tensile strength of a
mixture. () G5 mixtures are similar to asphalt mixtures in regards to film thickness and air voids. The
superior adhesion properties allow for higher tensile strengths even in 100% recycled asphalt mix

500 psi
105 psi*
G5, Recycled PAsphalt
Asphalt avement
Pavement

Asphalt
Pavement

Results
G5 mixtures when
engineered to serve as

roadway wearing courses
exhibit  tensile strength
results higher than any dry
strength requirements.
Additionally G5 mixtures
with recycled asphalt can
achive higher tensile
strengths  than  original
asphalt designs
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G5, Recycled Asphalt

Asphalt Pavement
Pavement

(2) Testing performed at the Western Regional Superpave CVenter

Flexural Stiffness

G5, Recycled
Asphalt
Pavement

GUE LIFE : FLEXURAL ST

In HMA pavements, fatigue cracking occurs when repeated traffic loads ultimately cause sufficient
damage in a flexible pavement to result in fatigue cracking. A number of factors can influence a
pavement'’s ability to withstand fatigue, including pavement structure (thin pavements or those that do
not have strong underlying layers are more likely to show fatigue cracking than thicker pavements or
those with a strong support structure), age of the pavement, and the materials used in construction. The
flexural fatigue test is used to investigate fatigue as it relates to construction materials. ™

843 ksi

172 ksi

Asphalt
Pavement

FENESS

Results

The G5 mixture (100% RAP)
exhibited an excellent
resistance to fatigue
cracking at 21C (70F) while
maintaining a high flexural
stiffness. The increase over
standard dense graded
HMA is 5 times in average
flexural stiffenss (ksi) and
22.7 times in cycles.



HVEEM STABILITY

The Hveem stabilometer (Figure 3) provides the key performance prediction measure for the
Hveem mix design method (TRB, 2000"). The stabilometer measures the resistance to
deformation of a compacted HMA sample by measuring the lateral pressure developed from
applying a vertical load (AASHTO, 2000'). The cohesiometer then measures the cohesion of the
same compacted HMA sample by measuring the forces required to break or bend the sample as

a cantilevered beam (AASHTO, 2000). ™M

(2) Testing performed at Materials Testing, Inc. Redding, CA

Hveem Stability

G5, B"
Concrete
Sand

85

Asphalt
Pavement

37*

Results

The G5 mixture with ASTM
C33 concrete sand exhibits
an excellent resistance
deformation. Concrete
sands are typically screened
and used 100% round with
no mechanical crushing.



COMPRESSIVE STRENGTH

In HMA pavements, compressive strength is key in determining the layers ability to carry the loads of
traffic over the life cycle. While it is not the most important factor in mix designs it is critical for heavy
point loading as seen on airports and military installations. ()

5,100 psi
=
& Results
L
vl
g The G5 mixture in this slide
v was combined aggregates
% of 3/8” and 1/4” minus used
g in hot mix asphalt designs
O for dot contracts. The
results are staggering and
400 psi compare to highway PCC
. currently used.
Dense Graded APt
Aggregate General

Design

(2) Testing performed at Materials Testing Inc. Redding, CA



Laboratory Evaluation of 100% RAP (Recycled
Asphalt Pavement) with TechniSoil G5® Binder
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Experimental Plan

1) Dynamic Modulus (AASHTO TP79 and PP61)
2) Rutting Resistance (AASHTO TP79)

3) Fatigue Cracking Resistance (AASHTO T321)
4) Thermal Cracking Resistance (Draft AASHTO)
)

5) Mechanistic-Empirical Analysis of Pavement Structure

Slide No. 2




Slab Preparation / Coring
100% Recycled Asphalt Pavement (RAP) + G5 Binder
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Experimental Plan

(1) DYNAMIC MODULUS
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(1) Dynamic Modulus Master Curve
(AASHTO TP79 and PP61)

« Determine the modulus of the mixture as a function of
temperature and loading rate/frequency.

« Using time-temperature superposition principle, master curve
IS constructed at a reference temperature (generally 20°C).
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(1) Dynamic Modulus Master Curve (Cont'd)
Specific Gravities and Air Voids

Air Voids

Sample Tests Dry weight | Sub Water | SSD Water (Va), %

D Dyn. Modulus ~ 2,605.9 1,370.8 2,620.1 2.086
E Dyn. Modulus ~ 2,564.8 1,348.1 2,580.4 2.081

F Dyn. Modulus ~ 2,584.3 1,358.6 2,597.4 2.086 %%
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(1) Dynamic Modulus Master Curve (Cont'd)

Specimen 3 Phase Angle
ol v | | s | o s o e cov o
Temp| Frequency| Modulus | Angle Modulus | Angle ([Modulus| Angle Average| COV |Average|Std Dev
---m
748.4 773.7 861.0 6.4 794.4 0.4
4 1 875.6 6.2 902.3 6.0 998.4 5.4 9254 7.0 5.9 0.3

4 10 1011.0 5.7 1037.0 5.6 1141.0 5.0 10630 65 55 O
20 01 4494 10.6 4421 10.7 503.6 949 4650 72 103 O
20 1 568.6 8.9  564.7 9.7 630.6 83 5880 63 90 O
20 10 701.6 8.0 686.0 8.1 763.5 7.4| 77 59 78 03
0
0

45 0.01 79.2 18.8 719.4 188 874 18.8| 820 57 188
45 01 1248 17.6 1245 17.8 142.4 17.2| 1306 7.8 17.5
45 1 1895 16.3  189.4 16.3 215.1 15.4| 1980 75 16.0 0.5
45 10 2768 147 2774 146 314.2 144 2895 74 145 0. 2
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(1) Dynamic Modulus Master Curve at 20°C

10000 — @ 4°C 100,000 — ¢ 4°C
B 20°C B 20°C
A 45°C A 45°C
— it — it
N [
f; — => Seriesb U %_
U 1,000 e 10,000 et
E <= (6T0ksi ) == = g 3 ] o dl
5 l E <~ = 4619MPa_) = =
= o Tl
Q ! = !
£ | 2 |
g | g / |
Aa ,‘ N S N
100 5Hz A 1,000 i 5H
\_/ ) zZ
/ I \'/
I I
I I
I I
I I
I I
10 ! 100 1
1E-06 1E-04 1E-02 1E+00 1E+02 1E+04 1.E+06 1E06 1E-04 1E-02 1E+00 1E+02 1.E+04 1.E+06
Reduced Frequency, Hz Reduced Frequency, Hz
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(1) Dynamic Modulus Master Curve at 20°C

45

40

35

30

¢ 4°C
m 20°C
A 45°C

25

15
10

Phase Angle, Degree

5

0

1.E-06

1.E-04

1.E-02 1.E+00  1.E+02
Reduced Frequency, Hz
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(1) Conclusions — Dynamic Modulus

« The G5 mixture (100% RAP) is stable and exhibited a
stiffness similar to that of asphalt mixtures.

* The stiffness of the G5 mixtures (100% RAP) varied with
temperature and loading frequency.
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Experimental Plan

(2) RUTTING RESISTANCE
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(2) Rutting Resistance: Flow Number
(AASHTO TP79)

* Subject specimen to repeated compressive loads at a
specific test temperature.

 Flow number (FN) is determined by the point at which the
specimen exhibits tertiary flow.

 The higher the FN the better the rutting resistance of the
mixture.
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(2) Rutting Resistance: Flow Number (Cont’d)

@ www.wrsc.unr.edu ; www.arc.unr.edu

Permanent Deformation

10.00%

1.00%

0.10%

0.01%

i
Primary: - Secor
Stage | Stdge

wdary- Tertiary

i StaV

Flow
Number
FN

iy

|

100
Number of Load Repetitions

10,000
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(2) Rutting Resistance: Flow Number (Cont'd)
Specific Gravities and Air Voids

Air Voids

Sample Tests Dry weight | Sub Water | SSD Water (Va), %

A Unconfired EN 26400 13954 26534  2.099 -
G Unconfned EN 25632 13436 25683  2.093 -

H Unconfined FN  2,567.3 1,351.2 2,573.2 2.101 0
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(2) Rutting Resistance
Unconfined Flow Number at 60°C (600 kPa Repeated Axial Stress)

- 1.0% ; : : - 1.0% : : :
% 08% No Flow; Permanent Strain<1% % 08% No Flow; Permanent Strain<1%
S 0.6% S 0.6%
(9] (4+1
£ 0.4% £ 0.4%
g L R SRS QU S
5 02% e e T T T T T T TS = 02% -7 T
S P < ’
< 0.0% < 0.0%
0 5,000 10,000 15,000 20,000 0 5,000 10,000 15,000 20,000
Number of cycles Number of cycles
= 1.0%
'f 08% | No Flow; Permanent Strain< 1%
R e s e
= P
€04% |
/
= 0.2%
P
< 0.0%

0 5,000 10,000 15,000 20,000
@ Number of cycles
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(2) Rutting Resistance

Minimum Average FN Requirements

AASHTO TP 79 — FN Requirements for Hot-Mix Asphalt (HMA)  Results

Traffic Level
(Million <3 3to<10 10to<30 > 30
ESALS)

100% RAP
+ G5

Minimum No Flow

Flow Testing Not after
Number Needed 2 e 740 20,000
(Cycles)t Cycles

LN test conditions: (1) unconfined; (2) 600 kPa (87 psi) deviator stress; (3) and at 7-day
maximum pavement temperature 20 mm below the pavement surface, at 50% reliability.
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(2) Conclusions — Rutting Resistance

« The G5 mixture (100% RAP) exhibited an excellent
resistance to rutting at 60°C (140°F).

— G5 Mixture at 11.2% air voids did not exhibit any flow after
20,000 loading cycles

— Permanent strain remained under 1% after 20,000 loading
cycles.
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Experimental Plan

(3) FATIGUE CRACKING RESISTANCE
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(3) Fatigue Resistance: AASHTO T321

Constant strain mode of testing

2.5 x 2.0 x 1.5 Inch beam specimen.

Loading frequency = 10 Hz

Test temperature = 21°C (70°F)

Failure at a given strain level is defined as the point of 50%
reduction in initial stiffness = Fatigue life
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(3) Fatigue Resistance: AASHTO T321

 General expected trends in a constant strain mode of
testing:

— Fatigue life decreases with:
= Increase in applied strain.
= decrease In testing temperature (i.e., colder temperatures).
" [ncrease In specimen air voids.
= |ncrease In stiffness.
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(3) Fatigue Resistance: Test Results at 21°C

10,000 e |
F= " in mm) ]
\e [ 07 i RRRR I A T 7
w
S T—— % q\éiﬁg? 5812 MPa 1,186 Mpa
£ 1000 T < ifiness  (B43ks)  (172ksi)
E’ 750 ---A‘.-r:....:.. == .A.‘-.'..‘---------;------.BET- |
g T e e R S S N R N 1 K,  4524E-09 8.203E-13
n : AT TR —
= | Hil K, 4531 5.293
E 28,706 ) (652,922 )
L | :
100 v v
10,000 100,000 1,000,000

Cycles to Failure
—G5 Mix [201505] (11% AV) — -Dense-Graded HMA (7% AV)
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(3) Conclusions — Fatigue Resistance

« The G5 mixture (100% RAP) exhibited an excellent
resistance to fatigue cracking at 21°C (70°F) while
maintaining a high flexural stiffness.
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Experimental Plan

(4) THERMAL CRACKING RESISTANCE
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(4) Resistance to Thermal Cracking: UTSST
(Draft AASHTO)

N

* Measure thermal stress build-up in £ - [WFracture
restrained specimen (cooling at 10°C/hr). ¢ |
— Fracture temperature £ o

0

— Fracture stress 30 20 40 0 10 20

Temperature (°C)

0

* Measure thermal strain in unrestrained - |
specimen (cooling at 10°C/hr). < 0002 -

. .. . € .0.003 A
— Linear coefficient of thermal contraction 5,

-0.005 +——F—F——7—
-75-60 -45-30 -15 0 15 30

Temperature (°C)
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(4) Resistance to Thermal Cracking: Uniaxial Thermal
Stress and Strain Test (UTSST, Draft AASHTO)

Draft AASHTO @ http://marcomdocs.unr.edu/draft-aashto-cracking.pdf

N

Ny
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Platens

Environmental

Chamber \

Unrestrained
: Specimen

Hydraulic
/ _____ Ram
+ Surface
LVDTs /thermometer
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i specimen

1 Restrained :
Specimen /
- !

— | _Invar

/glc\’/; r \ . Rod )
x{ ) e
\fT— : D:I
Left Q OO O\ \Q O 1O . gigh
\LVDT RT.‘S,;CQL?S Thin Epoxy LVDT )
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(4) Resistance to Thermal Cracking: UTSST
Specimens Preparation

« Four 57mm (2 % in.) diam. x 134mm (5 ¥ in.) height specimens

— Cored 90° from the axis of compaction of a SGC sample or a field
core sample.
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(4) Resistance to Thermal Cracking: UTSST
Specimens Gluing

Cleaning of end platens.

Gluing restrained test specimen (2 replicates) to end platens.
Gluing two specimens to form a single unrestrained test
specimen.
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(4) Resistance to Thermal Cracking: UTSST
Loading Specimens into Testing Chamber
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(4) Resistance to Thermal Cracking: UTSST
Running the Test

e Start test at room temperature (typically 20°C)
 Apply thermal loading at 10°C/hour through -40°C.
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(4) Resistance to Thermal Cracking: UTSST
Typical Thermal Stress Build-up Plot

3'5Fre

< 3.0
a¥

icture Stress
Gmmmmmmos 2\ fracture temperature and fracture stress |-
\ represent the anticipated field condition |
| \ under which the pavement will most likely
\ experience thermal cracking. -
v Fracture Temperaturé~—__
-40 -30 -20 -10 0 10 20 30
Temperature, °C
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(4) Resistance to Thermal Cracking: UTSST
Typical Thermal Strain Plot

T-Tg
(CTC, — CTCy) x e R

Al { (T-Tg) R(CTCZ—CTCg)}
en="2=C+crC,(T-T)+iml1+e = | ; CTC(T) = CTC, + =5

0

(1+e R )
0

= CTC, = Liquid Coefficient of Thermal Contraction /
g CTC, = Glassy Coefficient of Thermal Contraction
S 0.0005 T, = Glassy transitioning temperature

=z =T CTCy
~

Thermal Strain
\
\
\
\
\
\
\
\

_0.001 /
—__,.——."“’”‘ / / -
_~—cre T,
-0.0015 +——=—
50 40 -30 -20 110 0 10 20

@ Temperature (°C)
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(4) Resistance to Thermal Cracking: UTSST
(Cont'd)

« The G5 Mix Specimens were long-term aged for 5 days
at 85°C (185°F) in accordance with AASHTO R30

— Simulate the long-term aging properties of the mixture in
the field when thermal cracking becomes critical.

* Restrained specimens average air voids = 12.3%
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(4) Resistance to Thermal Cracking: UTSST
Test Results

Fracture
Fracture Temperature -34.1°C
Fracture Stress 4,227 kPa (613 psi)

Linear Coefficient of Thermal Contraction (CTC)

@ www.wrsc.unr.edu ; www.arc.unr.edu Slide No. 33




Experimental Plan

(5) MECHANISTIC ANALYSIS
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(5) Mechanistic-Empirical Analysis of Pavement Structure

« Mechanistic analysis covers the determination of the
responses of the flexible pavement structure to the loads
iImparted by heavy vehicles and their impact on pavement life.

Average 11 9y 6.7%
air voids =
K,  4524E-09 8.293E-13
\ K, 4,531 5.293

~

— <L
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G5 Mix or DG-HMA Layer
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Mechanistic-Empirical Analysis
3D-Move Analysis Software

Download for free @ http://www.arc.unr.edu/Software.htmi

€« C | [3 www.arcunr.edu/Softwarehtml

Asphalit Research Consortium

Home Outreach Project Team Software Publications ‘Workshops Mewsletters Contacts Links

30-Move Analysis
PAND, Maie]
TEMPS

Free Softwares

3D-Move Analysis Software (Version 2.1)
Release Date: June 2013

About 30-Move
Announcements The analytical model (3D-Move) adopled here to undertake the pavernent response]
computations uses a continuum-based finite-layer approach.  The S0-Movel
l4nalysis model can account for important pavement respanse factors such as thel
moving traffic-induced eomplex 20 cantact stress distributions (normal and shear)
of any shape, vehicle speed, and viscoelastic material characterization for thel
4 pavement layers. This approach treats each pavement layer s a continuum an|
uses the Fourier fransform technigue; therefore, it can handle complex surface)
Hew software release: loadings such as multiple loads and non-unifarm tire pavernent contact stress|
TEMPS (Temperature distribution. Since the tire imprintcan be of any shape, this appraach is suitable to)
analyze tire imprints, including those generated by wide-base tires (Siddharthan e
al. 1898; 2000; 2007). The finite-layer method is much mare computationally
efficient than the moving load models based on the finite element method (Huhtals|
alpha version 0.0.1 and Pihlajamaki 1992, A-Qadi and Wang 2009). This is because often times thel
Dowutoad. pavements are horizontally layered and pavement responses are customaril
required only at a few selected locations and far such problems the finite layer
approach of 304Uowe Analysis is ideally suited. Since rate-dependant material
properties (viscoelastic) can be accommatated by the approach, it is an ideal ool
o model the behavior of asphalt concrete (AC) layer and also to study pavemen
response as a funclion ofvehicle speed. Frequency-domain solutions are adopted
in 30-Move Analysis, which enables the direct use of the freguency sweep test data|
of HMA mixture in the analysis

Estimate Model for
Pavement Structures)

Many attempts that included field calibrations (e.0., Penn State University test track
MRoad and UNR Of-road Vehicle study) that compared a variety o
independ pavement (stresses, strains, and
displacements) with those computed have been reported in the literature
(Siddharthan et al. 2002, 2009). These verification studies have validated the)
applicability and versatility of the approach The 30-Move Analysis (ver. 2.0)
includes Pavement Ferformance Models, using which many important pavemeni g WSS -
distress modes can be investigated. In addition, a variety of non-highway vehjss®
(e.g., Enc-Dump Truck and Forkiift et) can alsa be considered.

Witat's New ia the 3D-Miove Aualysis Version 212 ’
Refazse Nota
3D-iove Version 2.7 /

Systen: Requirements

~ Additionai Reiease informatior /
-~ References -
—
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(5) Mechanistic-Empirical Analysis
Pavement Structure 1

G5 Mixture DG-HMA Mixture

5cm (2 inch)

(Measured Dyn. Modulus, E*) (Measured Dyn. Modulus, E*)

—e S >

Crushed Aggregate Base (CAB) 1y (4 inch) Crushed Aggregate Base (CAB)
E =170 MPa (25,000 psi) E =170 MPa (25,000 psi)

Subgrade
E =55 MPa (8,000 psi)
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(5) Mechanistic-Empirical Analysis
Comparative Results — Pavement Structure 1

Fatigue Analysis at 21°C (70°F)

Pavement | Vehicle Surface
Structure Speed Mixture Tensile strain, &, Number of repetitions  Fatigue
mm/mm (in/in)  to failure, N (million) life ratio

v CTLO0%RAP 494x10°8 43
5cm (2inch) e m';h) 10.8
o Sl DG-HMA 45410 0.4
Mixture on
top of 10 cm
@inchjof GS-100%RAP 519x10° 3.4
A8 o me))h) 17.0
DG-HMA 525x106 0.2
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(5) Mechanistic-Empirical Analysis
Pavement Structure 2

G5 Mixture DG-HMA Mixture

5cm (2 inch)

(Measured Dyn. Modulus, E*) (Measured Dyn. Modulus, E*)

—e S >

Crushed Aggregate Base (CAB) 15 . (6 inch) Crushed Aggregate Base (CAB)
E =170 MPa (25,000 psi) E =170 MPa (25,000 psi)

Subgrade
E =55 MPa (8,000 psi)
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(5) Mechanistic-Empirical Analysis
Comparative Results — Pavement Structure 2

Fatigue Analysis at 21°C (70°F)

Pavement | Vehicle Surface
Structure Speed Mixture Tensile strain, &, Number of repetitions  Fatigue
mm/mm (in/in)  to failure, N (million) life ratio

o GELOMGRAP 454106 6.3
5cm (2inch) e m';h) 9.0
2 S DG-HMA 415x10° 0.7
Mixture on
top of 15 cm
(6 inch) of T G5-100%RAP 477x10® 5.0
A8 o me))h) 16.7
DG-HMA 478x10° 0.3
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(5) Mechanistic-Empirical Analysis
Pavement Structure 3

G5 Mixture DG-HMA Mixture

0
7.5 3inch)
(Measured Dyn. Modulus, E*) o 15 neh) (Measured Dyn. Modulus, E*)

Crushed Aggregate Base (CAB) {5 em (6 inch) Crushed Aggregate Base (CAB)
E =170 MPa (25,000 psi) E =170 MPa (25,000 psi)

Subgrade
E =55 MPa (8,000 psi)
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(5) Mechanistic-Empirical Analysis
Comparative Results — Pavement Structure 3

Fatigue Analysis at 21°C (70°F)

Pavement | Vehicle Surface
Structure Speed Mixture Tensile strain, &, Number of repetitions  Fatigue
mm/mm (in/in)  to failure, N (million) life ratio

G5-100%RAP 341x10° 23.2
7.5¢cm (3 72 kph 3.0
inch) of (45 mph) : :
Surface DG-HMA 313x10 29
Mixture on
t‘zg of 1h? C][" . G5-100%RAP 363x10°6 17.6
Inch) O 1 p
CAB (10 mph) 14.7
DG-HMA 373x10° 1.2
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(5) Mechanistic-Empirical Analysis
Pavement Structure 4

G5 Mixture DG-HMA Mixture

10 cm (4 inch)

(Measured Dyn. Modulus, E*) (Measured Dyn. Modulus, E*)

— — >

Crushed Aggregate Base (CAB)  »p o (8 inch) Crushed Aggregate Base (CAB)
E =170 MPa (25,000 psi) E =170 MPa (25,000 psi)

Subgrade
E =55 MPa (8,000 psi)
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Subgrade
E =55 MPa (8,000 psi)




(5) Mechanistic-Empirical Analysis
Comparative Results — Pavement Structure 4

Fatigue Analysis at 21°C (70°F)

Pavement | Vehicle Surface
Structure Speed Mixture Tensile strain, &, Number of repetitions  Fatigue
mm/mm (in/in)  to failure, N (million) life ratio

G5-100%RAP 251x106 93.4
10 cm (4 72 kph ol
inch) of (45 mph) . :
Surface DG-HMA 232x10 14.2
Mixture on
Kzg of Zh(; C][n o G5-100%RAP 269x106 68.2
inch) o 16 kp
CAB (10 mph) 13.1
DG-HMA 281x106 5.2
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Experimental Plan

OVERALL SUMMARY

@ www.wrsc.unr.edu ; www.arc.unr.edu Slide No. 45




Overall Summary

« The G5 (100% RAP) mixture is stable and exhibited a stiffness similar to that of
asphalt mixtures.

« The G5 (100% RAP) mixture exhibited an excellent resistance to rutting at
60°C (140°F); hence, offering significantly more resistance to rutting at the
elevated pavement temperature.

« The G5 (100% RAP) mixture exhibited an excellent resistance to fatigue
cracking at 21°C (70°F) while maintaining a high flexural stiffness.

« The G5 (100% RAP) mixture exhibited a fracture temperature of -34°C
Indicating that the mixture will perform well in designated cold environment.

« The G5 (100% RAP) mixture significantly improved the fatigue life of thin
pavements.
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Asphalt Pavement Association Staff:

Ira J. (Jim) Huddleston,

Of Oregon Executive Director

g e Taining Director

5240 Gaffin Road, S.E. A& Salem, Oregon 97317 Dawn Lindeman,
Phone (503) 363-3858 A FAX (503) 363-5571 Administration

Date: May 2, 2013
To:  Sam Manley
From: Jim Huddleston, PE
Executive Director
Re:  Asphalt Pavement Analyzer Rut Testing Results

Please find enclosed the results of the rut testing performed on compacted samples
submitted for the referenced project. Testing was performed per AASHTO T 340 — 10.

Project Name: Kodiak Pacific
Contract No.: N/A

Level and Mix Class: Cores from slab.
Mix ID No.: N/A
Laboratory Batching Aggregates: Kodiak Pacific

Asphalt Cement Supplier and Grade: N/A

JMF Max Sp Gr, Gyt N/A

Rut Test Technician: Kevin Berklund
Measured Max Sp Gr, Gym: N/A
Measured Avg Air Void Content: N/A

Test Temperature, °C: 64

Average Rut Depth (8000 cycles), mm: 0.6

This material [<Jmeets / [ |does not meet the minimum requirements specified per the
ODOT Confractor Mix Design Guidelines.

If you have questions, please contact me af (503) 363-3858.

cc: Michaet Stennett, Asst, Pavement Materials Engineer, ODOT

APAO: Project Number 0T-13-001



ASSOCIION O EREGON ASPHALT PAVEMENT ANALYZER RESULTS
Kodiak Pacific

APAO PROJECT NUMBER: OT-13-001

25 0.080 0.064 0.043 0.062
4000 0.369 0.474 0.348 0.397
8000 0.502 0.746 0.651 0.633

0.018 0.989 1.056 0.062
0.068 0.415 1134 0721 0.397
0123 1.067 0.922 0147 0.633

Date Analyses Performed: 05/02/13

If the outlier analyses results are greater than 1.153 then the specimen is not inciuded in the final average.

Page 1 of 2
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Technisoil Industrial G5
G5 Testing Data

Prepared by: StroiPromspytania
In connection to: VNIISTROM-NV
Accreditation # ROSS RU.00001.21CA07
“APPROVED”
General Director
000 “VNIISTROM-NV”

The Russian Federation




Testing Laboratory “StroiPromlspytania”
In connection to "VNIISTROM-NV
Accreditation # ROSS RU.0001.21CA07
Valid till 25 of June, 2017
“APPROVED”
General Director
000 “VNIISTROM-NV”
[Signature] Sapelin N.A.
[Stamp] 23 of April, 2013

RECORD OF INSPECTIONS
#47-1 from 23 of April, 2013

Product Name: Sample cubes of concrete mix TechniSoil G5

Reason for Inspections: Request from 000 “Investment Capital Consulting”

Purpose of Inspections: Defining the strength during compression in dry state and water-saturated
state, water absorption, swelling/expansion, cold weather test

Evidence of Testing Samples: =~ Samples-beams 16x4x4 - 9 pieces

Registration data of the testing center (laboratory): 13.451

Testing methods: GOST 12730.3-78, GOST 10180-90, GOST 18105-2010, GOST 10060.2-95
Testing dates: March-April 2013
TESTING RESULTS:

1. Strength during compression in dry state -
17.38; 17.25; 18.36 - average number - 17.88 MPa
2. Water absorption -
3.36; 3.47; 3.49 - average number -3.44%
3. Strength during compression in water-saturated state -
8.25; 8.32; 7.39 - average number - 7.99 MPa
4. Swelling / Expansion -
0.13; 0.13; 0.06; 0.13 - average number - 0.11%
5. Coefficient of Linear Expansion
5.1 Coefficient of Linear Expansion in +50C degree temperature -
0,0, 0, 0 - average number - 0%
5.2 Coefficient of Linear Expansion in -50C degree temperature —
0.13; 0.06; 0.00; 0.06 - average number - 0.06%
6. Cold weather test
After 20 cycles of alternate freezing-thawing in salts in -50C degree
temperature, the mass loss was 1.2%, loss of durability was 1.5%

CONCLUSION:

Sample-cubes of concrete mix TechniSoil G5 meet the standards of GOST
26633-91 “Heavy-weight and sand concretes. Specifications” for concrete strength type B12.5
(concrete grade M150), cold weather grade for road concrete and airfields F200.

Supervisor of the testing laboratory [Signature] N.P. Kordyukov

5660 Westside Road, Redding, CA 96001 USA TechniSoil Global, Inc. Ph: 1-877-356-2250 Fax: 1-866-356-8880
www.TechniSoil.com E-mail: info@TechniSoil.com

Prepared by StroiPromspytania, ICW: VNISTROM-NV Doc Ref # TS_51413



INVESTMENT (ICC)

Mix components: crushed rock, sand, clay, humus, water, G5
Mass of hard components.
Mh= Ms + Mm + Mhum+ Mcl
Where:
Ms - Mass os sand
Mm - Mass of crushed rock
Mhum - Mass of humus
Mcl - Mass of clay

Because in all the soils Si02 exceeds 60% , we take sand as the base
Consider the following independent factors:
1. X1 - ratio of dry mass of crushed rock to dry mass of sand. Crushed rock / Sand =
0/0.3
(0; 0.075; 0.15; 0.225; 0.3)
2. X2 -ratio of dry mass of humus to dry mass of sand. Humus / Sand =0 / 0.3
(0; 0.075; 015; 0.225; 0.3)
3. X3 - ratio of dry mass of clay to dry mass of sand. Clay / Sand =0 / 0.3
(0; 0.075; 0.15; 0.225; 0.3)
4, X4 -ratio of mass of water to dry mass of hard components. Water /
Hard Components =0 / 0.16 (0; 0.04; 0.08; 0.12; 0.16)

G5 in all cases is added by mass of 6% of hard components

Coding factors when seeking an optimum with “rototabelny method of second degree”:

Level of Xi Factor Factor Factor Factor
factors and X1 X2 X3 X4
variation

interval

Bottom Star -2 0 0 0 0
Point

Bottom level -1 0.075 0.075 0.075 0.04
Zero level 0 0.15 0.15 0.15 0.18
Top level 1 0.225 0.225 0.225 0.12
Top star point | 2 0.3 0.3 0.3 0.16
Variation 1 0.075 0.075 0.075 0.04
interval

After making the mixes and holding it for 21 days we can identify the following
characteristics:

Y1 - Density

Y2 - Strength during compression

Y3 - Strength during bending

Y4 - Abrasion

Y5- Cold weather resistance of 200 cvcles in salts

5660 Westside Road, Redding, CA 96001 USA TechniSoil Global, Inc. Ph: 1-877-356-2250 Fax: 1-866-356-8880

www.TechniSoil.com E-mail: info@TechniSoil.com

Prepared by StroiPromspytania, ICW: VNISTROM-NV Doc Ref # TS_51413



Testing Laboratory “StroiPromlspytania”
In connection to "VNIISTROM-NV
Accreditation # ROSS RU.0001.21CA07
Valid till 25 of June, 2017
“APPROVED”
General Director
000 “VNIISTROM-NV”
[Signature] Sapelin N.A.
[Stamp] 6 of March, 2013

RECORD OF INSPECTIONS
#29-1 /1 from 6 of March, 2013

Product Name: Sample cubes of concrete mix TechniSoil G5

Reason for Inspections: Request from 000 “Investment Capital Consulting”

Purpose of Inspections: Strength during compression in natural state, water absorption, strength
during bending in natural state, strength during compression of samples
heated at 60C degrees

Evidence of Testing Samples: 8 cube-bars
Samples-beams 16x4x4 - 2 pieces
Registration data of the testing center (laboratory): 13.26-1

Testing methods: GOST 12730.3-78, GOST 10180-90, GOST 18105-10
Testing dates: March 2013
TESTING RESULTS:

1. Strength during compression in natural state -
9.6; 10.3; 11.3 - average number - 10.4 MPa
2. Water absorption -
1.5; 1.5; 1.8- average number -1.6%
3. Strength during bending in natural state
2.77; 2.66 - average number - 2.7 MPa
4. Strength during compression of samples heated at 60C degrees
12.3; 12.0; 12.8; 12.5 - average number - 12.4 MPa

CONCLUSION:
Sample-cubes of concrete mix TechniSoil G5 meet the standards of GOST

23558-94 “Crushed stone-gravel-sandy mixtures, and soils treated by inorganic binders for road
and airfield construction” for strength grade M100

Supervisor of the testing laboratory [Signature] N.P. Kordyukov

5660 Westside Road, Redding, CA 96001 USA TechniSoil Global, Inc. Ph: 1-877-356-2250 Fax: 1-866-356-8880
www.TechniSoil.com E-mail: info@TechniSoil.com

Prepared by StroiPromspytania, ICW: VNISTROM-NV Doc Ref # TS_51413



Testing Laboratory “StroiPromlIspytania”
In connection to "VNIISTROM-NV
Accreditation # ROSS RU.0001.21CA07
Valid till 25 of June, 2017
“APPROVED”
General Director
000 “VNIISTROM-NV”
[Signature] Sapelin N.A.
[Stamp] 25 of March, 2013

RECORD OF INSPECTIONS
#38-1 from 25 of March, 2013

Product Name: Sample cubes of concrete mix TechniSoil G5
Reason for Inspections: Request from 000 “Investment Capital Consulting”
129344, Moscow, Iskry street, dom 31, korpus 1, pom. II, kom. 7B
Purpose of Inspections: Abrasion tests
Evidence of Testing Samples: ~ Sample-cubes polymer-concrete, 3 pieces
Registration data of the testing center (laboratory): 13.39 / 1-1

Testing methods: GOST 13087-81 “Concretes. Methods of abrasion tests”
Testing dates: 03.22.13-03.25.13

Testing results are enclosed in the attachments: #1 on 1 page
CONCLUSION:

Abrasion of the tested cubes of concrete mix TechniSoil G5 meets the standards of GOST 13015-
2003 “Concrete and reinforced concrete products for construction. General technical
requirements. Rules for acceptance, marking, transportation and storage” for product designs
intended to work in high intensity traffic.

Supervisor of the testing laboratory [Signature] N.P. Kordyukov

5660 Westside Road, Redding, CA 96001 USA TechniSoil Global, Inc. Ph: 1-877-356-2250 Fax: 1-866-356-8880
www.TechniSoil.com E-mail: info@TechniSoil.com

Prepared by StroiPromspytania, ICW: VNISTROM-NV Doc Ref # TS_51413



IL “NV-Stroyispitania”
Attachment #1 to Record of Inspections #38-I from 25 of March, 2013

TESTING RESULTS
Sample-cubes polymer-concrete

Testing date: 03.22.13 - 03.25.13
Samples marking: IL: 13.39/1-1

# Measure of Units of | Requirements for | Requirements for Name and Testing Meets
the tested Measure | tested products: | tested products: abbreviation | results (doesn’t
sample of standards | (measured meet) the
Name and for testing number) required
abbreviation of Standard Index (division, standards for
the document paragraph) this test
(division,
paragraph)
1 Abrasion Gr /cm2 | GOST 13015- Not higher than 0.7 - GOST 13087- | 0.29; 0.30; Meets
2003, paragraph | for product designs, 81, 0.28 requirements
5.3.11 intended to work in paragraph 2 | average for product
high intensity traffic number - designs,
(slabs for roads and 0.29 intended to
airfields, slabs for work in high
walking paths along intensity
highways, etc) traffic

Testing was conducted by: Engineer [Signature] E.A. Mitrakov

TechniSoil Global, Inc. Ph: 1-877-356-2250 Fax: 1-866-356-8880

E-mail: info@TechniSoil.com

Doc Ref # TS_51413

5660 Westside Road, Redding, CA 96001 USA
www. TechniSoil.com

Prepared by StroiPromspytania, ICW: VNISTROM-NV



Conditions and Testing results

FACTORS RESULTS
X1 | X2 X3 | X4 Y1 Y2 Y3 Y4 Y5
- 0,075 _ 0,075 _ 0,075 _ 0,04
+ 0,225 _ 0,075 _ 0,075 _ 0 04
- 0,075 + 0,225 - 0,075 - 0:04
+ |025 | 4 [ 0225 | _ [0075 | _ [ 004
_ 0,075 - 0,075 + 0,225 _ 0’04
+ |025 | _ [ 005 | 4 [025] _ [ 004
- |oors | 4 [ 0225 | 4 (025 - [ 004
+ 0225 & [ 0225 | & [ 0225 | _ 0:04
- [oors | o o075 [ 005 | 4 [ 012
+ |02 [ o005 | 0075 | 4+ | (012
- {0075 | 4 [ o225 [ 005 | 4 [ 012
+ (0225 | 4 [ 0225 [ _ [00i5| 4+ | 012
- [oors | [ o075 | 4 0225 4 0:12
+ |0225 | _ [ 0075 | 4 [025] 4+ | 012
- 0,075 + 0,225 + 0,225 + 0’12
+ 0,225 + 0,225 + 0,225 + 0,12
2] 0o ]o|o5[0o]015] 0008
+2[ 03[0 [ 015 [0 [015] 0 | 0,08
0015 2] 0o [o0[015] 00,08
0 |015/+2] 03 | 0 [015] 0 | 0,08
00150052 0 [ 0008
0 015/ 0| 015 |+2] 0,3 | 0 | 0,08
0 015| 0 0,15 0 | 015 | -2 0
0 1015| 0 0,15 0 |015]+2|0,16
01015 0 0,15 0 [015| 0 | 0,08
0 015| 0 0,15 0 0,15 0 0,08
0 [015| 0 | 015 | 0 |01 | 0 | 0,08
0 |015| 0 0,15 0 0,15 0 0,08
0 1015| 0 0,15 0 [015]| 0 | 0,08
01015 0 0,15 0 [015| 0 | 0,08
0 015| 0 0,15 0 0,15 0 0,08

5660 Westside Road, Redding, CA 96001 USA

www.TechniSoil.com

Prepared by StroiPromspytania, ICW: VNISTROM-NV

TechniSoil Global, Inc.

Ph: 1-877-356-2250 Fax: 1-866-356-8880

E-mail: info@TechniSoil.com

Doc Ref # TS_51413



COMPONENTS WITH 10KG OF SAND

FACTORS COMPONENTS
TEST #

S X, X, X, X, kMgacadam Elglmus ;lgay }(\:ter E;

1 - 0,075 - 0.075 - | 0075 | 0,04 0,75 0,75 0,75 0,49 0,735
2 + 0,225 - 0.075 - | 0075 | 0,04 2,25 0,75 0,75 0,55 0,825
3 - 0075 |+ 0225 - | 0075 | 0,04 0,75 2,25 0,75 0,55 0,825
4 + 0225 | + 0225 - | 0075 | 0,04 2,25 2,25 0,75 0,61 0,915
5 - 0,075 - 0.075 + | 025 | . 0,04 0,75 0,75 2,25 0,55 0,825
6 + 0,225 - 0.075 + | 025 | . 0,04 2,25 0,75 2,25 0,61 0,915
7 - 0075 |+ 0225 + | 025 | . 0,04 0,75 2,25 2,25 0,61 0,915
8 + 0225 | + 0225 + | 025 | . 0,04 2,25 2,25 2,25 0,67 1,005
9 - 0.075 - 0.075 - | 0075 |+ | 0,12 0,75 0,75 0,75 1,47 0,735
10 + 0,225 - 0.075 - | 0075 |+ | 0,12 2,25 0,75 0,75 1,65 0,825
11 - 0075 |+ 0225 - | 0075 |+ | 0,12 0,75 2,25 0,75 1,65 0,825
12 + 0225 | 4 0225 - | 0075 |+ | 0,12 2,25 2,25 0,75 1,83 0,915
13 - 0.075 - 0.075 + | 025 | + | 0,12 0,75 0,75 2,25 1,65 0,825
14 + 0225 - 0.075 + | 025 | + | 0,12 2,25 0,75 2,25 1,83 0,915
15 - 0075 |+ 0225 + | 025 | + | 0,12 0,75 2,25 2,25 1,83 0,915
16 + 0225 | 4 0225 + | 025 | + | 0,12 2,25 2,25 2,25 2,01 1,005
17 -2 0 0 0,15 0|01 | 0 | 0,08 0 15 15 1,04 0,78
18 +2 | 0,3 0 0,15 0|01 | 0 | 0,08 3 15 15 1,28 0,96
19 0 015 | -2 0 0|01 | 0 | 0,08 15 0 15 1,04 0,78
20 0 0,15 | +2 0,3 0 015 | 0 | 0,08 15 3 15 1,28 0,96
21 0 015 | 0 0,15 -2 0 0 | 0,08 15 15 0 1,04 0,78
22 0 0151 0 015 | +2 | 0,3 0 | 0,08 15 15 3 1,28 0,96
23 0 015 | 0 0,15 0 | 015 | -2 0 15 15 15 0 0,87
24 0 015 | 0 0,15 0 | 015 | +2 | 0,16 15 1,5 15 2,32 0,87
25 0 015 | 0 0,15 0|01 | 0 | 0,08 15 15 15 1,16 0,87
26 0 015 | 0 0,15 0|01 | 0 | 0,08 15 15 15 1,16 0,87
27 0 015 | 0 0,15 0|01 | 0 | 0,08 15 15 15 1,16 0,87
28 0 015 | 0 0,15 0|01 | 0 | 0,08 15 15 15 1,16 0,87
29 0 015 | 0 0,15 0 |01 | 0 | 0,08 15 15 15 1,16 0,87
30 0 015 | 0 0,15 0|01 | 0 | 0,08 15 15 15 1,16 0,87
31 0 015 | 0 0,15 0 |01 | 0 | 0,08 15 15 15 1,16 0,87
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MHBECTMEHT (ICC)

CocraB cMmecH: me0eHb, TIECOK, INTMHA, TYMYC, BoJa, coctaB G5
Brinenum tBepabie. Macca TBepAbIX

MT = Mn+ Mm+ MryM+ Mrn

I'ne: M,, — macca 1ecka
M, — Macca meOHs
M;yy — Macca rymyca
M, — Macca TJIMHEI

Tak Kak BO Bcex mouBax coaepxkanue SiO; npepbimact 60 %, TO 32 OCHOBY IIPUMEM IIECOK

[IprHuMaem cnenyroniie He3aBUCHMBIE (PaKTOPBI:
1. Xj - OrHouieHue cyxoi Macchl 1ebHs Kk cyxoit macce necka II/TT = 0+0,3 (0; 0,075; 0,15; 0,225;

0,3)

2. X, - OrtHomeHHe CyX0ii MacChl r'yMyca K cyxoit Macce necka I'ym/IT = 0+0,3 (0; 0,075; 0,15; 0,225;

0,3)

3. X3 - OrtHomeHue CyXxoil Macchl MIMHBI K cyxoit macce necka ['n/T1 = 0+0,3 (0; 0,075; 0,15; 0,225;

0,3)

4. X4 - OtHoIIEHHE MacChl BOABI K CyX0i Macce TBepasix coctasisttonmx B/T = 0+0,16 (0; 0,04; 0,08;

0,12; 0,16)

CoctaB G5 Bo Bcex ciydasx go0aBisercst 1mo Macce 6% OT TBepABIX COCTABIISIONIMX

KoaupoBanue hakTopoB mpu UCCIEAOBAHUU ONTUMYMA C IIOMOIIBIO0 POTOTA0EIBFHOTO TTAHA BTOPOTO

MopsiiKa
DakTopsl

YpoBeHb (haKTOPOB B MHTEPBAJ X; X; X, Xs X,
BapbUPOBaHUS

Hrokusis 3Be31Has TOUKA -2 0 0 0 0
Hwxawnii ypoBeHb -1 0,075 0,075 0,075 0,04
Hynesoii ypoBeHb 0 0,15 0,15 0,15 0,08
Bepxuuii ypoBeHb 1 0,225 0,225 0,225 0,12
BepxHss 3Be3aHas TOUKA 2 0,3 0,3 0,3 0,16
HuTepBan BapbupOBaHUs 1 0,075 0,075 0,075 0,04

ITocne IIPUTOTOBJICHUA COCTABOB U BBIACPKKU B TCUCHUU 21 CYTOK MOKHO ONpEACINTh CICAYIOMINEC

XapaKTepPHCTHKH:

Y 1 — IUNIOTHOCTB

Y2 — IPOYHOCTH P CXKATHH
Y3 — IPOYHOCTH IIPH U3THOE
Y 4— uctupaemMocTb

Y 5 — Mopo3ocTorkocTh 200 ITHKIIOB B COMAX
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Conditions and Testing results

FACTORS RESULTS
X1 | x2 | x3 | X4 yi | vy2 | Y3 | Y4 | Y5
Yc0BUs M pe3yNbTaThl ONBITOB
DaKTOpBHI Pe3ynbTaThl
Xl X2 X3 X4 Y1 Y2 Y3 Yy Y5
- 0,075 - 0,075 - 0,075 - 0'04
+ 0,225 _ 0,075 _ 0,075 _ 0,04
- oo | 4 [o2s [ 005 - | 004
+ (0225 4 [ o025 [ - [0075] - | 004
- 0,075 _ 0,075 + 0,225 _ 0:04
+ [0225] _ o075 | 4 o025 - [ 004
- [oors | 4 [ 025 [ 4 025 - [ 0,04
+ [0225 | 4 [ 0225 | 4 [0255] - | 004
- 0,075 _ 0,075 _ 0,075 + 0 12
+ | 0225 _ [ o075 | _ [0075] & 0:12
- Joeors |y 025 | o o005 | 4 [ 012
+ [0225] 4 [ 0225 [ _ 005 4+ [ 012
- |oors | ol oors |y 0225 | 4 | 012
+ (0225 _ [o0075 [ 4 [0225| + | 012
_ o075 4 | 0225 | 4 [o0225 [ 4 0:12
+ [0225 ] 4 [ 0225 | 4 025 4+ [ 012
210 0015 | 0|01 0| 0,08
+2(03| 0] 015 | 0 |05 0 | 0,08
0 |015] -2 0 0 |015| 0 | 0,08
0 |015|+2| 0,3 0 (015 0 | 0,08
0 |015] 0| 015 | -2 0 0 | 0,08
0 (015 0| 015 [+2] 03| 0 | 0,08
01015/ 01015 01]055]-2] 0
0050|0150 015|+2]0,16
0 |015| 0 | 015 | 0 |015| O | 0,08
0 0,15 0 0,15 0 0,15 0 0'08
0 0,15 0 0,15 0 0,15 0 0,08
0015 0] 015 |0]|015] 0008
005/ 00550 0550008
0 |015| 0 | 015 | 0 |015| O | 0,08
0055/ 0|05 |0 05]0]008
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COMPONENTS WITH 10KG OF SAND

Test # FACTORS COMPONENTS
X1 X2 X3 X4 Macadam | Humus | Clay | Water G5
kg Kg Kg Kg kg
CocraB Ha 10 kr mecka

No DaKTOPhI CocraB
OIIBITA X4 X5 X3 X4 Ie6en | 'ymyc, | I'muna, | Boma, | Cocra
b, KT KT KT KT G5, k
1 - 0075 | . 0075 - | 001 - | 0,04 0,75 0,75 0,75 0,49 0,735
2 + | 025 | . 0075 - | 00 - | 0,04 2,25 0,75 0,75 0,55 0,825
3 - | 0075 | 4 | 0225 - | 0075 1~ 10,04 0,75 2,25 0,75 0,55 0,825
4 + | 025 | 4 0,225 - | 00 - | 0,04 2,25 2,25 0,75 0,61 0,915
5 - | 0075 ) 0075 4 0225 1 | (0,04 0,75 0,75 2,25 0,55 0,825
6 + (025 - | 0075 | 4 | 0225 _ | 004 2,25 0,75 2,25 0,61 0,915
7 - | 0075 ) 4 ) 0225 | 4 | 0225 | . | (004 0,75 2,25 2,25 0,61 0,915
8 + [ 025 | 4+ | 0225 | 4 | 0225 | _ | 004 2,25 2,25 2,25 0,67 1,005
9 - 0075 | . 0075 - | 0075+ | 0,12 0,75 0,75 0,75 1,47 0,735
10 + | 025 | . 0075 - | 0075+ | 0,12 2,25 0,75 0,75 1,65 0,825
11 - 0075 | + 0,225 - | 005+ | 0,12 0,75 2,25 0,75 1,65 0,825
12 + | 025 | 4 0,225 - | 0075 |+ | 0,12 2,25 2,25 0,75 1,83 0,915
13 - | 0075 ) o) 0075 ) 4| 0225 | 4+ | (0,12 0,75 0,75 2,25 1,65 0,825
14 + | 025 | . 0,075 + | 025 | + | 0,12 2,25 0,75 2,25 1,83 0,915
15 - 0075 |+ 0225 + | 025 | + | 0,12 0,75 2,25 2,25 1,83 0,915
16 + | 0225 | + 0225 + | 025 | + | 0,12 2,25 2,25 2,25 2,01 1,005
17 -2 0 0| 015 | 0015 | 0 | 0,08 0 1,5 1,5 1,04 0,78
18 +2 (03] 0] 015 | 0 |015]| 0 | 0,08 3 15 1,5 1,28 0,96
19 0 | 015 | -2 0 0 |015| 0 | 0,08 1,5 0 1,5 1,04 0,78
20 0 | 015 | +2| 0,3 0 | 015 | 0 | 0,08 1,5 3 1,5 1,28 0,96
21 0 |05 | 0| 015 | -2 0 0 | 0,08 1,5 1,5 0 1,04 0,78
22 0 | 015 0| 015 | +2| 0,3 | O | 0,08 1,5 15 3 1,28 0,96
23 0 | 015} 0| 015 | 0 | 015 | -2 0 1,5 1,5 1,5 0 0,87
24 0 015 | 0 0,15 0 | 015 | +2 | 0,16 15 15 15 2,32 0,87
25 0 |05} 0| 015 | 0 | 015 | 0 | 0,08 1,5 1,5 1,5 1,16 0,87
26 0 015} 0| 015 | 0 | 015 | 0 | 0,08 1,5 1,5 1,5 1,16 0,87
27 0O |05 | 0| 015 | 0 |015| 0 | 0,08 1,5 1,5 1,5 1,16 0,87
28 0 015} 0| 015 | 0 | 015 | 0 | 0,08 1,5 1,5 1,5 1,16 0,87
29 0 |05} 0| 015 | 0 | 015 | 0 | 0,08 1,5 1,5 1,5 1,16 0,87
30 0 |05} 0| 015 | 0 | 015 | 0 | 0,08 1,5 1,5 1,5 1,16 0,87
31 0 015 | 0 0,15 0 |015| 0 | 0,08 15 15 15 1,16 0,87

IMocne n3rotonenns 31 obpasua MoxyInM 3aBUCUMOCTH CBOMCTB M3JIETHS OT COCTaBa

(cm.mipumep )
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SMITH~-EMERY SAN FRANCISCO

An Independent Commercial Testing Laboratory

May 21, 2010 Project:

Eco Research SECo Job No.: 66274

5680 Westside Rd. SECo Lab No.: 10L0120
Redding, Ca. 96001 L.ab Technician: WILL LARRAMA

Test Date: May 21, 2010

Attn: Sean Weaver
STATIC COEFFICIENT OF FRICTION TEST (ASTM C 1028}

Sample Description :Decomposed Granite Stabilized wf Technisoil Polymer
Specification: ASTM C 1028 (Modified)-Hillyards rencvator(cleaner) not used
Source :Eco Research

Procedure:

A block of wood with a 3" x 3" x 1/8" section of standard neolite cement liner attached was placed on the
surface to be tested. A 50 pound (22kg) weight was placed on the block of wood. Using a dynamometer
the force in pounds required to cause the test assembly to slip paratlel to the test surface was measured.
Four measurements were taken using the neclite test surface, each measurement perpendicular to the
previous one. The twelve measurements thus obtained were averaged to obtain the static coefficient of
friction for each test condition.

Dry Calibration Factor 0.13 INDIVIDUAL
Wet Calibration Factor -0.14 COEFFICIENT
TEST Trial CF FRICTICN
CONDITIONS No. N E S w AVG. (fc)
Dry Neolite 1 37 37 38 38
2 44 46 46 45 424 0.96

3 46 a4 43 44

39 37 34 40
41 41 40 39 38.4 0.61
3| 38 39 36 38

Wet Neolite

[\ =Y

Per Ceramic Tile Institute

Coefficient of Friction values greater than 0.80 will be considered slip resistant
Coefficient of Friction values between 0.50 to 0.60 will be conditionally slip resistant
Coefficient of friction values less than 0.50 are questionable.

Respectfully Submitted,
Smith-Emery Company

‘: LABORATORY MANAGER,
Wrlie Stevenson

Lab Manager
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