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Chapter 1. Objectivesand Scope of the Report

An important objective of this project is to implement the new testing device and
procedures proposed by the 0-4829 research project. The testing involves a modified small
pullout device for characterization of the confined stiffness in geosynthetic reinforcements. The
project also provided continued monitoring of 32 experimental test sections constructed in Farm-
to-Market Road (FM) 2 and 6 experimental sections constructed in FM 1644 for the purpose of
comparing field performance with material characterization. The experimental component of this
implementation project was accomplished by testing 11 different geosynthetic reinforcement
products in the small pullout test. The field component of this implementation project involved
conducting continued condition surveys, subsurface exploration, and weather-data gathering in
order to establish the threshold of the proposed parameter in the new specification based on the
field performance.

The contents of this report build on the previous report 5-4829-01-1 (Zornberg et al.
2012a), which included the theoretical background as well as the validation of the new
laboratory testing procedures, equipment construction, and training TxDOT personnel.
Accordingly, the focus of this report is on the presentation of experimental test results using the
validated testing approach (Chapter 2) and the comparative evaluation of the field performance
at the experimental sites in FM2 and FM 1644 (Chapter 3). The comprehensive results of the
small pullout tests are presented in Appendix A (found on the accompanying CD).

The research team generated experimental data to assess the important relationships that
define the performance of geosynthetic-reinforced pavements—namely, confined tensile
modulus under low strains and soil-geosynthetic interface shear behavior under low strains. The
proposed, validated testing device, testing procedures, and corresponding specifications include
generation of data using the geosynthetic products adopted in the two experimental sites
undergoing field monitoring.

In addition, to validate the experimental results against field performance, the research
team continued to monitor the structural condition of TxDOT-constructed pavement sections in
FM2 and FM1644. Field monitoring includes continued condition surveying to document and
qguantify the field performance of the sections, continued gathering and evaluation of relevant
weather data, and quantification and assessment of cracks and deterioration that may develop in
the monitored sections. Also conducted was a comprehensive subsurface subgrade and pavement
characterization to confirm the layout of the multiple sections at the FM 2 experimental field site.






Chapter 2. Experimental Testing Program for Char acterization of
the Soil-Geosynthetic I nteraction Stiffness

2.1 Introduction

This report contains all the results of the small pullout testing program conducted for this
project, including the tests conducted for the development and evolvement of the test procedure
until the final configuration. The main parameter obtained from these tests is the coefficient of
soil-geosynthetic interaction, Ksg. The Ksg is a quantification of the stiffness of the soil-
reinforcement interface under low strains, and is thus suitable as an index property for evaluating
the confined performance of geosynthetic products in base-reinforced pavements.

Geosynthetic products used in the small pullout testing program included those used in
FM2 and FM 1644, as well as other products. These products were tested under confinement of a
sieved aggregate that was selected as the standard soil. This chapter presents a detailed
description of the geosynthetic products and analyses of the test results in the final recommended
configuration of the test. These analyses include an evaluation of the repeatability of the results
and a comparative evaluation of the results obtained for the various geosynthetic products.

Until the final configuration of the small pullout test was established, several other
configurations were evaluated. Four different soils were tested with the geosynthetic products in
addition to the sieved aggregate. A summary of these soils is presented in Table 2.1. The soil
recommended for use with the small pullout test is Sieved Aggregate 2. Detailed descriptions of
the soils along with the particle size distribution curves are also presented in this chapter.

This chapter comprises six sections. The first section describes the small pullout test
equipment. Then, the scope of the testing program is presented, followed by the history of the
development of the small pullout test. Next, the final procedure of the test is explained, including
the data smoothing process and the calculation of the parameter Ksg . Additionally, the analysis
of the results of the testing matrix is provided. The final section presents a comparative
evaluation of the Ksg values for the 11 geosynthetic products obtained using Sieved Aggregate
2.

Table2.1 Soilsused inthetesting program
Name used in this

Soil Description Comment
report
Soil chosen for the final configuration of
Sieved aggregate Sieved Aggregate2 | the small pullout test. Particles pass Sieve
#1/4 and are retained on Sieve #4
. Commercial name: Monterey #30 Sand.
Uniform sand Monterey Sand First soil used in the testing program
?legtdezzg %iesorm Soil Blend Soil blend composed of 75% of Sieved
aggreg sand Aggregate 2 and 25% of Monterey Sand

Particles passing Sieve #3/8 and retained
on Sieve #1/4
Uniform aggregate Aggregate Gravel classified as uniform by the USCS
Note: USCS = Unified Soil Classification System

Sieved aggregate Sieved Aggregate 1




2.2 Test Equipment and Testing Procedure

The small pullout test equipment has the same basic components of the traditional pullout
equipment described in the ASTM D 6706. However, there are two main differences. First, the
volume of soil used in the small pullout test device is only 13.1% of the volume of soil used in a
pullout box with the minimum dimensions suggested in ASTM D 6706. Second, the small
pullout test device is used in a vertical position since it is designed to be employed with load
frames dedicated to wide-width tensile strength tests of geosynthetics, as specified by the ASTM
D 4595 and D 6337.

The cross section of the small pullout test setup is shown in Figure 2.1. Figure 2.2 shows
the plan view of the test setup and illustrates the points of the geosynthetic specimen where
displacements are monitored during the test. The small pullout box is composed of reinforced
steel plates with internal dimensions of 11.8 in. (30 cm) x 9.8in. (25 cm) x 5.9 in. (15 cm) (width
x length x height). The internal side of the front wall of the box is flat, with an aperture of 0.59
in. (15 mm) through which the geosynthetic specimen is attached to the grip (Figure 2.1). The
confining pressure is applied using compressed air in a bag attached to the lid of the box. The
box is attached to a support frame that accommodates the displacement sensors and replaces the
bottom grip of a wide-width tensile strength test (Figure 2.1 and Figure 2.2). The displacement
sensors are linear variable differential transformers (LVDTYS).

The width of the confined portion of the geosynthetic specimen is 11.0in. £ 0.2 in. (28.0
cm = 0.5 cm). The adjustment of + 0.2 in. (0.5 cm) is to accommodate different aperture sizes of
geogrid products. Bendalloy™ wires (cobalt-based alloy) of 0.016 in. in diameter are attached at
five different junctions along the embedded length of the geogrid (at five locations along the
geotextile). These wires are then attached to the displacement sensors to obtain the displacement
along the geosynthetic specimen mobilized during the test.

The internal walls are covered with two layers of 0.007-in.-thick Mylar® sheet, a clear
polyester sheet. White lithium grease is used between the walls of the box and the first layer of
polyester sheet, and between the two layers of polyester sheet. The polyester sheet and grease are
used to minimize friction between the compacted soil and the walls of the small pullout box.
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Figure2.1 Cross section of the small pullout test setup.
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Figure2.2 Small pullout testing: (a) Plan view of the small pullout test setup at UT Austin;
(b) Location of points of monitored displacements along the geosynthetic specimen.

Soil compaction is conducted using a Bosch pneumatic hammer model GSH 11E with the
coupling of a6 x 6 in. squared head to the hammer. The degree of compaction is controlled by
measuring the mass and the height of the compacted soil lifts in the box. The target dry density
of Sieved Aggregate 2 specified for the small pullout test in this project is 96 + 2 pcf (1.54 £0.04
g/cm®). The soil mass in the box is compacted in four lifts: two lifts for the bottom layer, which
is below the level of the geosynthetic specimen, and two lifts for the top soil layer. Each lift is
first compacted by placing a wooden board with dimensions of 11.5 in. x 9.5 in. on top of the
soil, then using the pneumatic hammer on the wooden board for pre-compaction of the lift and
leveling of the soil surface. Next, the wooden board is removed and the soil is compacted with
the pneumatic hammer directly on the soil—initially with one blow in the center of the box and
then four blows on each corner, starting with the corners near the front wall. This sequence is
repeated until the desired height of the lift is reached.

After compaction of the last layer of soil, a piece of non-woven geotextile is placed to
cover the soil and the lid of the box is attached. The geotextile is used to prevent damage to the
air bladder used to apply the confining pressure. Next, the entire box is placed on a scale and the
mass recorded for confirmation of the target dry density of the soil.

The next step involves applying the confining pressure. A pressure of 3.0 psi (21 kPa)
was specified for the final configuration of the test. Initially, during the development of the small
pullout test, a confining pressure of 1 psi (7 kPa) was used since it would be representative of the
confinement on the geosynthetic reinforcement utilized at the field experiment at the FM2 road.
In this field experiment, the geosynthetic was placed at a depth of 8 in., covered by 7 in. of



flexible base course and 1 in. of asphalt chip seal. However, a confining pressure of 1.0 psi (7
kPa) was found to be difficult to apply with adequate precison and to maintain constant
throughout the test. After additional testing, the confining pressure of 3.0 psi (21 kPa) was
chosen as the standard pressure for the small pullout test to evaluate geosynthetic products for
base course reinforcement for mitigating environmental longitudinal cracking. This evaluation is
performed with the index parameter Ksg;, a coefficient of soil-reinforcement interaction stiffness
(Zornberg et al. 2012a).

The confining pressure is regulated with a digital gauge manufactured by Ashcroft with
nominal precision of 0.01 psi (0.07 kPa) and accuracy of 0.08 psi (0.55 kPa). After applying the
desired confining pressure, the box is secured on the support frame on the universal testing
machine, and the wires are attached to the respective displacement sensors (Figure 2.1). Then the
geosynthetic specimen is attached to the grip with a torque of 12.5 Ibf/ft applied to the screws
that secure the rod to the roller grip. To prevent dippage of the specimen in the grip, the surfaces
of the rod and of the roller grip between the screws are covered on each side with three pieces of
sanding belt glued with Duro® super glue. The sanding belt is aresin bond aluminum oxide with
cotton cloth and medium (#80) grit manufactured by 3M ™.

Before starting the test, a pre-load of about 30 Ibf (0.15 kN) is applied. Then the pullout
test is started with a constant rate of displacement of 0.04 in./min. (1 mm/min). Typica test
results are shown in Figure 2.3, which presents the data for a test with geogrid Tensar BX1200
(referred to in this report as GG PP2) on the cross-machine direction in Sieved Aggregate 2 and a
confining pressure of 3 psi (21 kPa). This curve is consistent with tests under low confining
pressure reported in the literature (Lopes and Ladeira, 1996; Farrag et al., 1993; Moraci and
Recalcati, 2006). As illustrated in Figure 2.3:a, a typical plot of pullout force vs. displacement
along the geosynthetic reaches a maximum constant pullout load, which is defined as the pullout
failure. The tests in this program were carried out up to pullout failure unless otherwise
indicated.
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Figure 2.3 Typical pullout test results obtained with geogrid GG PP2 in the cross-machine
direction, confining pressure of 3 psi (21 kPa) in Seved Aggregate 2: (a) Entire test data
showing pullout failure; (b) Data until 1 mm (0.04 in.) of displacement (the range used
for calculation of the Kgg)).

2.3 Scope of the Testing Program

Five different soils were used in this study (Table 2.1). These soils were used at different
stages of the testing program for development of the final test procedure. The particle size
distribution curves of the soils are presented in Figure 2.4.

Sieved Aggregate 2 contains particles of sizes between 0.19 in. (seve #4) and 0.25 in
(6.4 mm), and thus on the lower limit to be considered gravel. This soil is classified as GP in the
United Soil Classification System (USCS) and A-1 in the American Association of State
Highway and Transportation Officials (AASHTO) system. This soil was chosen for the final
configuration of the small pullout test.

The Monterey #30 Sand isa uniformly graded standard sand classified as SP in the USCS
with most particles near the diameter of the #30 sieve (0.024 in.). In the beginning of the testing
program, the sand was compacted at a water content of 2.0 £0.3%, which was later changed to a
water content of 1.5 +0.3%. The water was added to prevent the sand from falling out of the box
through small spots between the box and the lid and through the aperture at the rear wall through
which the wires attached to the geosynthetic are connected to the displacement sensors. This was
the first soil used in the testing program because it is a granular standard soil compatible with the



dimensions of the small pullout box. However, the interaction mechanism of a uniform sand is
not necessarily representative of those of coarser aggregates used in field projects. Specifically,
base course layers used in pavement construction usually involve larger particles, i.e., gravelly
materials. In this case, interlocking may be the main interaction component between soil and
geogrid reinforcement. Accordingly, the testing matrix was changed to incorporate a gravel-sized
material. The test results with sand are briefly discussed in Section 2.4.

100 I" @ T

90 A

——Sieved Aggregate 2
—&— Monterrey #30 Sand
—>— Soil Blend

—A— Aggregate

80 A

70 A
—E— Sieved Aggregate 1

60 4 — -« Box frontal aperture

50 A

Finer by weight (%)

40 A I

30 - |

20 A I

]

]

. :

. | ]

10 A I |
l

: ) |

0 S [ =y >

1.E+00 1.E-01 1.E-02 1.E-03
gravel sand sand silt/clay
Particle diameter (in.)

Note: USCS = Unified Soil Classification System.
Figure2.4 Particle size distribution curves of the soils used in the testing program.

The first gravel-size material tested is identified as Aggregate in Table 2.1. This soil is
crushed dolomitic limestone, uniformly graded gravel formed with less than 10% of sand (Figure
2.4), classified as GP by the USCS. The maximum particle size is 0.5 in. The Aggregate was
rinsed with water and used as received from the quarry®. The small pullout test results obtained
with this soil showed poor repeatability. In 5 out of the 23 tests with this soil, particle jamming
was visually detected at the front wall aperture when soil was exiting the box as the geogrid
specimens were being pulled out. This problem is discussed in more details in Section 2.4.
Moreover, it was concluded that the particle size distribution of this soil is difficult to reproduce
for future laboratory testing. Accordingly, this soil was sieved to a uniform size and named
Sieved Aggregate 1.

Sieved Aggregate 1 was sieved to particle sizes between 0.25 in. and 0.375 in. (6.4 t0 9.5
mm)—thus with a maximum diameter smaller than that of the Aggregate—in an attempt to solve
the particle jamming problem. Sieved Aggregate 1 is also categorized as GP according to the
USCS and A-1 according to the AASHTO classification system. Particle jamming problems still
occurred with this soil. The repeatability of the test results, including the ones with no apparent

! Capitol Aggregates Inc., Marble Falls Quarry. 8147 US Highway 281, Marble Falls, TX. Phone: (830) 693-2933.



particle jamming, was aso inadequate. Discussion of these results and examples of data showing
the occurrence of particle jamming are addressed in Section 2.4.

Accordingly, Sieved Aggregate 1 was replaced by a finer gravel, sieved to particle sizes
between 0.19 in. and 0.25 in. (4.75 and 6.4 mm) and referred as Sieved Aggregate 2 in this
report. This gravel is supplied by the same company as the Aggregate but it is a different
material, since it was sieved from a well-graded 5/8” Washed River Gravel originally destined
for concrete mixtures. Although Sieved Aggregate 2 is on the small range of gravel sizes, it is
also classified as GP in the USCS method of classification and into group A-1 of the AASHTO
system.

In the testing program 11 different geosynthetic products were used. The nominal
specifications of these products are presented in Table 2.2. Among the products listed in Table
2.2, only GG PP4 is not commercially available. The geosynthetic GG PP4 is one layer of the
double-layer product GG PP4x2.
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Table2.2

Nominal specifications of the geosynthetic products used in thetesting program

Characteristics Product GG PP GG PET GT GG PP3 GG PP4x2 GG PP4
- O 5(y M D - - - - - -
€=0.5% oD
TensileStrength | £=1% MD 300
@ (Ibf/ft) CD 300
9 ASTM 6637 MD 280 500 960 343 301 151
= G id e=2%
Z (Geogrids) CD 450 500 1,320 480 450 225
g | ASTM 4595 MD 580 920 2,400 620 616 308
= (Geotextiles) €=5%
o CD 920 920 2,604 960 920 460
8 Ultimate | MD 850 2,000 4,800 900 925 463
8 (Ibf/ft) CD 1,300 2,000 4,800 1,600 1,400 700
g Junction Efficiency (%) MD 93 N/A 93 93
GRI-GG2 CD 93 N/A 93 93
. MD 791 N/A --- 860 430
Junction Strength (Ibf/ft) D 1209 N/A 1315 651
Flexura Stiffness (mg-cm)
ASTM D5732-95 & D1388 MD x CD 250,000 N/A 250,000
] Aperture Dimensions (in.) MD 10 1.0 N/A 0.6 variable 1.65
= ' cD 13 10 N/A 06 varicble 196
& | Minimum Rib Thickness(in) | MD 0.03 0.05
% | ASTM D 1777 for GG PP4 CcD 0.03 - 005
= MD — — — — — —
g Rib Width (in.
% ib Width (in.) D
O} Percent Open Area (%) C\W 02215 70 75
Polypropylene 2 layers of Polypropylene
Polymer & Geosynthetic Type Polyc/;[;r(;)pr)iltljene PGoIe)éeﬁzr Woven Polyc/;per(;)rJr)i/(ljme Polypropylene  Geogrid (1 layer of
d 9 Geotextile 9 Geogrid GG PP4x2)
. Integrally Woven Integrally
Manufacturing process formed yams Wovenyarns  Woven yarns formed Integrally formed
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Table 2.2 (cont.): Nominal specifications of the geosynthetic products used in the testing program

Characteristics Product GG PP2 GG PPTG GG PPTG3 GG PP5 GG PET2
MD - 102.9 75.4 - -
= 0,
e=05% cD 1029 75.4
TensileStrength | _ 4 o, MD 453
@ (Ibf/ft) CD 453
P ASTM 6637 ey MD 410 --- 686 526
S| (Geogridy) g=ch CD 620 636 578
=3 ASTM 4_595 — 5 MD 810 --- 1,475 792
£ | (Geotextiles | &7°7 CD 1340 1,475 1,042
B Ultimate MD 1310 2,055 2,388
% (Ibf/ft) CD 1,970 2,055 3,870
?3 Junction Efficiency (%) MD 93 93 93 30 201
s GRI-GG2 CD 93 93 93 30 100
MD 1218 617 4,800
Junction Strength (1bf/ft)
CD 1,832 - - 617 3,870
Flexural Stiffness (mg-cm)
ASTM D5732-95 & D1388 MD x CD 750,000 500,000
B . . . MD 10 16 1.30 1.26 1.0
= Aperture Dimensions (in.)
g CD 13 1.6 1.30 1.26 10
g Minimum Rib Thickness MD 0.05 0.06 0.06
o (in.) CD 0.05 0.06 0.05
5 MD 0.04 0.02
2 Rib Width (in.)
3 CD --- 0.05 0.03 --- ---
O] Percent Open Area (%) C\W 02215
Polypropylene Polypropylene
Polymer & Geosynthetic Type Ponproperne Triangular Triangular Polypropylene Polyester Geogrid
Geogrid . . Geogrid
Geogrid Geogrid
Manufacturing process Integrally formed  Integrally formed  Integrally formed V|brat§gpvg/el ded Woven yarns

Note 1: The abbreviations used for the geosynthetic products are as follows. GG PP for Tensar BX1100, GG PET for Mirafi BasXgrid11, GT for Mirafi Geolon
HP570, GG PP3 for Huesker Fornit 20, GG PP4x2 for Tenax MS220, GG PP4 for Tenax (1 layer) MS110, GG PP2 for Tensar BX1200, GG PPTG for TriAx
TX160, GG PPTG3 for TriAx TX130s, GG PP5 for NAUE Secugrid 30/30 Q1, and GG PET2 for Synteen SF11.

Note 2: CD corresponds to the Cross-Machine Direction, and MD corresponds to Machine Direction.

Note 3: Properties reported for the triangular geogrid products (GG PPTG and GG PPTG3) as MD are on the diagonal direction (DD).
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2.4 Development of the Test Procedure

The development of the small pullout testing procedure for geosynthetic products in base
course reinforcement involves two main phases. The initial phase consisted of evaluating
potential sources of variability on the test results. The following possible sources of variability
were identified: clamping of the geosynthetic specimen on the grip, displacements at different
locations of the geosynthetic, operator inconsistency when tying wires to the geosynthetic for
displacement recordings, variability on the dry density of the compacted soil, material variability
of the geosynthetic product, and imprecision of the air pressure gauge responsible for controlling
the confining pressure. In this phase, only the Monterey Sand was used since it is a uniform
granular soil that has been extensively tested at The University of Texas at Austin (UT Austin).
The second phase consisted of testing with different soils before establishing the best standard
soil for use in this project.

2.4.1 Initial Evaluation on Sources of Variability on the Test Results

The Monterey Sand was the first soil to be used in the testing program because it is an
easily compacted, standard granular soil. Moreover, the particle size of this sand is compatible
with the dimensions of the small pullout box. Tests were conducted to assess the influence on the
results of the roller grip’s clamping rod, and of the boundary effects on displacement readings on
different locations across the geosynthetic specimen.

The potential issue associated with clamping the rod attached to the roller grip is related
to the design of the clamping system, which is composed of a cylindrical roller grip and a
clamping rod (Figure 2.5). The geosynthetic specimen is rolled around the cylindrical grip with
its end clamped by arod that, in turn, is tightened by two screws near the ends of the rod.

l_fﬂ"" Rod @]_I
. Roller
Roller grip grip
(@ (b)

Figure2.5 Geosynthetic specimen clamping system of the small pullout test setup composed
by theroller grip and the gripping rod: (a) Front view; (b) Cross section.

This design can lead to uneven pullout of the geosynthetic specimen if appropriate careis
not taken. The operator may tend to excessively tighten the screws of the rod in an attempt to
prevent slippage of the specimen in the grip during the test. If both screws are tightened with
excessive but even torque, the rod tends to bend in the center, leading to a looser grip of the
geosynthetic at the center in relation to the edges (Figure 2.6:a). Consequently, uneven pullout of
the specimen may occur, leading to erroneous displacement readings at the center of the
specimen. The same problem may occur if excessive uneven torque is applied to the screws of
the rod. In this case, the location of the looser grip of the geosynthetic would change, moving
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closer to the screw with higher applied torque (Figure 2.6:b). This would also lead to uneven
pullout of the specimen. Both situations could compromise the repeatability of the test results.

The solution found for these problems is the use of a torque wrench to apply a constant
torque on both screws of the rod. The torque adopted for the tests is 12.5 Ibf/ft. This amount of
torque was sufficient to secure the geogrid specimen in the grip, preventing the slippage of the
specimen that |eads to uneven pullout.

Figure 2.7 depicts the potential issue of edge effects on the location of displacement
monitoring along the geosynthetic specimen closer to the side walls. Even with adequate torque,
the displacement readings on locations away from the center of the specimen can be affected by
the interaction of the specimen’s edges with the side wall. To minimize this problem, the internal
walls of the box are covered with two layers of Mylar® sheet and white lithium grease. Also, the
width of the geosynthetic specimen is controlled to keep a minimal distance of 0.39 in. (10 mm)
between the edges of the specimen and the side walls of the box.

_Er/A\ ‘1 :%J?EJ

Roller grip

(@ (b)
Figure2.6 Potential issues with geosynthetic clamping system (exaggerated illustrations):
(a) Excessive equal torgue on the screws of the rod leading