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Chapter 1. Objectives and Scope of the
Report

This document reports on the activities that have been accomplished in
implementation Project 5-4829-03. The primary objective of this project was to
implement the analytical model and the testing procedure developed in research
Project 0-4829 (Zomnberg et al., 2012a and b) in TxDOT specifications for selection
of geosynthetic for base-stabilization of roadways subjected to environmental
loads. As part of research Project 0-4829, an analytical model was developed to
evaluate soil-geosynthetic interaction under small displacements. Specifically, the
soil-geosynthetic interaction under small displacements was characterized by an
index parameter referred to as the stiffness of the soil-geosynthetic composite
(KSGC) (Zomnberg et al., 2017; Roodi and Zomnberg, 2017; Roodi, 2016). A testing
procedure, referred to as the geosynthetic composite stiffness test, was developed
to characterize KSGC. This test mobilizes interaction mechanisms between soil and
geosynthetics, similar to those mobilized in the conventional pullout test. However,
the focus of the data collection and analysis has been on the onset of movement
along the geosynthetic. Specifically, the relationship between load per unit width
of the geosynthetic (T) and displacements along the geosynthetic (u) has been
determined for displacements ranging from 0.1 to 1 mm. The slope of the linear
relationship defined between T'2 and u along the confined length of the geosynthetic
has been defined as KSGC.

This report details the complementary soil-geosynthetic interaction testing program
conducted to characterize the stiffness of soil-geosynthetic composite (KSGC) for a
wide range of geosynthetics, backfill materials, normal stresses, and geosynthetic
orientations. The tests were conducted at the Geosynthetics Laboratory at The
University of Texas at Austin. This document also reports the results of a
complementary field monitoring program to collect information on the
performance of geosynthetic-stabilized roadway sections under environmental
loads as compared to the counterpart non-stabilized sections. The data produced in
the experimental program along with the performance data obtained from field
monitoring program was used to support refinement of TxDOT specifications for
selection of geosynthetics for base-stabilization of roadways subjected to
environmental loads.

Chapter 2 details the refinements made in the soil-geosynthetic interaction test
procedure and in the procedure adopted to analyze and report the test results.
Chapter 3 discusses the experimental testing program conducted using a wide range
of geosynthetics, backfill materials, normal pressures, and geosynthetic
orientations. Findings from evaluation of the data obtained in this experimental
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program resulted the final test configurations to be used for selection of
geosynthetics for base stabilization. Chapter 4 reports the information collected
from geosynthetic-stabilized field sections as compared to that in non-stabilized
(control) test sections. Chapter 5 details the activities completed to refine TxDOT
specifications for selection of geosynthetics for base-stabilization of roadways
subjected to environmental loads. This included conducting additional soil-
geosynthetic interaction tests using 15 geosynthetics typically used for base
stabilization of roadways. Then, based on the relevant field performance of the test
sections constructed using the geosynthetics, limits of acceptable KSGC values were
established. Chapter 6 summarizes the findings obtained from various tasks of the
project.
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Chapter 2. Refinements in the Soil-
geosynthetic Interaction Test Procedure and
Data Analysis

2.1. Introduction
The soil-geosynthetic interaction test procedure and data analysis were originally
developed in research Project 0-4829 (Zomnberg et al., 2012a). As part of the
activities conducted in this implementation Project 5-4829-03, the test procedure
and data analysis were reevaluated and refined. The primary objective of the
refinements was to minimize scatter in the test results and, consequently, improve
the quality of test data. The refined procedure and data process were found to be
particularly suitable to be implemented by geosynthetic laboratories. This chapter
details the main refinements that were made in the test procedure and data analysis.

2.2. Refinements in the Testing Procedure
This section describes the refinements made in the testing procedure.

2.2.1. Refinement in the Telltales Attachment Procedure
The telltale attachment procedure was refined to minimize scatter in the test results.
The old technique involved tying a cobalt-based alloy steel wire of 0.0 16 in. (0.4
mm) in diameter around geosynthetic junctions and securing the steel wire end
inside a crimped ferrule (Figure 2.1 a). Although this technique could provide a
high-performance telltale attachment, the quality of the attachment relied on the
operator's skill.

An alternative telltale attachment procedure was adopted that involved using an
epoxy resin. The cobalt-alloy steel wires were also replaced by reusable zinc-
galvanized steel wires of 0.04 1 in. (1.04 mm) in diameter. The new wires were
hooked to the longitudinal ribs at the junction and the epoxy was applied to secure
the attachment (Figure 2. ib). After the test is completed, the wires may be detached
from the specimen by heating the epoxy.
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(a) (b)
Figure 2.1 Refinement in the telltale attachment procedure: a) old procedure; b) refined

procedure.

2.2.2. Refinement of Grip Setup
A potential source for the scatter among the test results was identified as the grip
setup. The grip setup adopted in the test included a metal rod that was screwed to
the roller grip as presented in Figure 2.2. The geosynthetic was inserted through the
space between the metal rod and the roller grip and screws were tightened to secure
the geosynthetic. To prevent slippage of the geosynthetic during pullout,
sandpapers were glued to the rod and to the roller grip to provide friction with the
geosynthetic. However, uneven gripping and sliding of the geosynthetic out of the
grip setup were identified as sources of scatter in the test results.

Rod

Roller grip

Figure 2.2 Grip setup

An assessment had previously conducted on potential impacts that tightening the
screws of the rod (in an attempt to prevent slippage of the specimen during the test)
may have on the test results. It was found that both excessively tightening and
uneven tightening of the screws can adversely impact the test results. As both
screws were tightened with excessive but even torque, the rod tended to bend in the
center, leading to a looser grip of the geosynthetic in the center in relation to the
edges. This could result in uneven pullout of the specimen, leading to erroneous
displacement readings at the center of the specimen. The same problem was
observed when excessive uneven torque was applied to the screws, but the location
of the looser grip of the geosynthetic would change to a closer location to the screw
with higher torque applied. This could also lead to uneven pullout of the specimen.
Both situations could compromise the repeatability of the test results. As a
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refinement in the gripping procedure, use of a torque wrench was adopted in all
tests to minimize uneven gripping of geosynthetic specimens. The torque value was
accordingly adjusted to avoid excessive tightening of the screws.

Sliding of the geosynthetic during the test was also found in cases where sandpapers
failed to provide adequate friction to prevent sliding or in cases where the glue used
to attach sandpapers to the metal rod failed. As an additional refinement in the grip
setup, the smooth metal rod and sandpapers were replaced by a knurled rod (Figure
2.3). This refinement provided higher and more uniform friction along the gripping
rod and eliminated the uncertainties arise from gluing sandpapers to the rod.

Figure 2.3 Knurled rod adopted in the refined testing procedure

2.2.3. Refinement of Boundary Conditions
An additional refinement was made in the boundary condition used on the internal
walls of the box. The old procedure (Figure 2.4a), which involved using two layers
of Mylar sheets and grease, was replaced by one layer of Mylar sheet attached to
the internal walls using double-sided tape (Figure 2.4b). The new procedure
reduced the box preparation time. Furthermore, as the grease was not used in the
new procedure, the aggregate was protected from mixing with grease, which was
found to be one of the sources for scatter in the test results. As the refined procedure
provided the same soil-Mylar interface in the boundaries, test results were found
not to be sensitive to this boundary condition.

(a) (b)
Figure 2.4 Refinement of boundary condition: a) old procedure; b) refined procedure
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2.2.4. Refinement of the Normal Pressure System
A comprehensive investigation was conducted to refine the normal pressure
system. Specifically, several shapes and materials were tested for the air bladder
incorporated inside the box lid to apply normal pressure. The main objective of the
refinements was to provide a normal pressure that is uniformly distributed over the
soil surface. Air tubes and connections were also upgraded to minimize the
blockage in the air transfer route. As part of the refinement, three air pressure
gauges were also adopted in the testing procedure to monitor the air pressure all
along the air transfer route. A digital gage accurate to three decimal digits was used
to control the pressure provided by the air pressure source. Two additional air
pressure gages were also used on the box lid to measure the pressure at two
locations including 1) before the air enters the air bladder and 2) where the air is
distributed inside the air bladder and is being applied to the soil (Figure 2.5).

Figure 2.5 Refined normal pressure control system

2.3. Refinement of Data Analysis_
An overview of the refinements made in the data analysis is presented in this
section. As part of the refinement process, several factors that may affect the
accuracy or scatter in the results of the soil-geosynthetic interaction tests were
studied. The procedure that eventually adopted for data analysis was that minimized
the scatter in the reported values for the stiffness of the soil-geosynthetic composite
(KSGC). The main factors evaluated in the process and the final protocol adopted in
the data analysis are discussed next.

2.3.1. Factors Evaluated in the Refinement Process

2.3.1 .1. characterization of the KSGC at the center of the Specimens
To identify the best approach to report the final KSGC value, four approaches were
evaluated:
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* Approach 1: The KSGC value was obtained using interpolation of the data
recorded at the two telltales located on both sides around the specimen
center.

* Approach 2: The KSGC value was obtained using extrapolation of the data
recorded at the two telltales located closest, but on one side of the specimen
center.

* Approach 3: The KSGC value was obtained using the data recorded at the
closest telltale to the specimen center.

* Approach 4: The KsC value was obtained using regression of the data
recorded at the three middle telltales.

Results obtained from all approaches were compared. While all approaches should
theoretically result the same value for KSGC, variation among the values obtained
using different approaches were used to identify outlier results.

2.3.1.2. Effect of Data Smoothing Procedure
As the raw data recorded by the sensors involved inevitable noises, data smoothing
procedures were used to minimize the impact of noises on interpretation of the data.
The data smoothing procedure adopted in this project involved a moving average
technique in which each data point was replaced by a value that was obtained by
averaging the data over a larger time span. The effect of data smoothing procedure
was evaluated by comparing the KSGC values obtained using the raw data with those
obtained using various averaging spans. Specifically, the averaging span was
changed from 10 points to 300 points and changes in the KSGC value were evaluated.
After extensive evaluation of the data recorded for various geosynthetic products,
a moving average span of 250 data points was adopted in the final data analysis
procedure. Figure 2.6 presents an example plot of the raw data versus the smoothed
data using a moving average of 250 data points.
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Figure 2.6 Example test results showing the impact of data smoothing procedure

2.3.1.3. Effect of Displacement Trigger Values

Since the KSGC index is determined at the onset of the telltale movements, capturing
small displacements is an essential part of the data acquisition. However, it is
equally important not to misinterpret the noise recorded by the linear
potentiometers as actual tell-tale movements at the onset of the displacement.
Furthermore, the displacements that are accounted for in the estimation of KSGC
should correspond to those mobilized by soil-geosynthetic interaction; that means
displacements that are realized by relatively small unit tensions (e.g., following
initial adjustment of the geosynthetic after applying a seating load) should not be
used.

An extensive evaluation of the test data obtained for various geosynthetics was
conducted to identify the displacement range at which KSGC should be reported.
Specifically, sensitivity of KSC to the displacement value at which each tell-tale
was first triggered was evaluated. The displacement trigger value was changed from
0.0002 to 0.00 16 in. (0.005 to 0.04 mm) and KSGC was estimated from the triggering
displacement to a maximum displacement of 0.04 to 0.12 in. (1 to 3 mm). The
procedure adopted in the final data analysis protocol involved estimation of KSGC
from a triggering displacement of 0.0008 in. (0.02 mm) up to the maximum
displacement of 0.04 in. (1 mm). However, the KSGC values obtained using smaller
and larger triggering displacements were also evaluated in each test.

2.3.2. Final Protocol Adopted for Data Analysis
All factors evaluated in the refinements of the data analysis procedure were
incorporated in an automated Microsoft Excel spreadsheet that was used in the
analysis of the test results. Figure 2.7 shows sample results of the analysis obtained
after using the automated spreadsheet for a soil-geosynthetic interaction test. The
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KSGC value reported under the Final Protocol column corresponds to the value
obtained using the final configurations adopted in the data analysis. The values
presented under other columns summarize the estimated KSGC using configurations
other than those in the baseline case. The percentage values presented in the bottom
row highlights the sensitivity of the reported KSGC to changes in various parameters
involved in the data analysis.

Final Impact of Impact of Using Impact of Using Impact of Smoothing Impact of T rigge ring Point of
Protocol Extrapolation Avg of LPs 2,3,4 Only LP 3 LPs

KSc14.1 15.1 14.5 15.1 14.9 14.5 16.0 15.5 13.0
% Change 0% -3% 4% 0% 4% 3% 0% 10% 7% -10%

Figure 2.7 Impact of refinement in the data analysis (sample results)

2.4. Summary and Conclusions
Several refinements were made in the soil-geosynthetic interaction test to facilitate
testing procedure and to minimize uncertainties associated with boundary
conditions, normal pressure systems, and a low-skill test operator. The original
procedure adopted to analyze the test data was also refined and a final protocol for
data analysis was established. The refinements adopted in this chapter resulted in
reduced scatter in the experimental results as discussed in the next chapter.
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Chapter 3. Experimental Program:
Production of Soil-geosynthetic Interaction
Data using Small-scale Device

3.1. Introduction
This chapter reports on the experimental testing program aimed at establishing the
soil-geosynthetic interaction test configurations to be used for TxDOT
specifications for selection of geosynthetics for base-stabilization of roadways
subjected to environmental loads. Specifically, five geosynthetics were tested,
which were aimed at resulting in minor, moderate, and excellent improvement in
the pavement performance. The selected geosynthetics were characterized
according to the physical requirements of the current TxDOT Department Material
Specifications DMS-6240 for Geogrid for Base/Embankment Reinforcement.
Three backfill materials with different ranges of particles sizes were also identified.
The backfill materials were characterized in accordance with the AASHTO Soil
Classification System and the Unified Soil Classification Systems (USCS). Soil-
geosynthetic interaction tests were conducted using combination of the
geosynthetics and the backfill materials to characterize the stiffness of the soil-
geosynthetic composite. Additional testing programs were also conducted to
evaluate the effect on the results of the normal stress (confining pressure) and of
the geosynthetic orientation (cross-machine and machine directions). The results
obtained in the testing program were used to establish the test configurations to be
used for TxDOT specifications.

3.2. Material Properties
Characteristics of the geosynthetics and backfill materials used in the testing
program are discussed in this section.

3.2.1. Baseline Geosynthetics
A total of five geosynthetics (referred to as baseline geosynthetics) were used. The
geosynthetic products were aimed at resulting in minor, moderate, and excellent
improvement in pavement performance. The expected performance of the
geosynthetic products was assumed on the basis of the field performance data
collected as part of the field monitoring program of this project. Four geogrids and
one geotextile were used. The products were selected with a wide range of physical
and mechanical properties and with various manufacturing processes to allow
evaluation of the impact on the results of these factors. Table 3.1 summarizes the
main features of the five geosynthetics used in this program along with the expected
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improvement in the field performance from their use in roadways. Characteristics
of each geosynthetics are discussed next.

Table 3.1: Geosynthetic products used in small pullout testing program
Geosynthetic Geosynthetic Manufacturing Polymer Type Expected

Name Type Processes performance

GG 1 Biaxial Geogrid ExtruedoPolypropylene Excellent

GG 2 Triangular Geogrid (H o enoPs) y(ropylene Excellent

GG 3 Biaxial Geogrid Woven with Polyester Moderate

GG 4 Biaxial Geogrid Laser Welded Polypropylene Poor

GT 1 Woven Geotextile Woven Polypropylene Excellent

3.2.1.1. GG 1

GG 1 is a biaxial polypropylene geogrid that is integrally formed by punch-and-
drawn and extrusion process (Figure 3.1). It has been used in several TxDOT field
test sections including FM 2, FM1915, and SH 21. As a result of the immense
familiarity of TxDOT and the project team with this product, it was used as one of
the baseline geogrids in the soil-geosynthetic interaction testing programs. Index
properties of this geosynthetic are presented in Table 3.2.

Figure 3.1 Baseline biaxial integrally formed geo grid from polypropylene: GG 1
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Table 3.2. Index Properties of GG 1

Characteristics Units MD CD

@ 0.5% Strain kN/m (lb/fl) - -
Tensile Strength @ 2% Strain kN/m (lb/fl) 4.1 (280) 6.6 (450)

- ASTM 6637 @5% Strain kN/m (lb/fl) 8.5 (580) 13.4 (920)
Ultimate kN/m (lb/fl) 12.4 (850) 19.0 (1,300)

~- Junction Efficiency (%) (%) 93 -
Flexural Stiffness mg-cm 250,000 -

42~Aperture Dimensions mm (in) 25 (1.0) 33 (1.3)

Minimum Rib Thickness mm (in) 0.76 (0.03) 0.76 (0.03)

Rib Width mm (in) 3.2 (.125) 3.2 (.125)
Polymer Type Polypropylene

Manufacturing Process Integrally Formed Biaxial Geogrid

3.2.1.2. GG 2

GG 2 is a triangular polypropylene geogrid manufactured from a punched
polypropylene sheet, oriented in three directions (Figure 3.2). The use of triangular
geogrids has recently gained momentum in the geosynthetic-stabilized roadways
across Texas. Therefore, TxDOT would particularly benefit from the results
obtained in the soil-geosynthetic interaction tests using this product as compared to
other products. Primary evaluation of the test sections constructed using GG 2 has
indicated an excellent performance under environmental loads. Index properties of
this geosynthetic are presented in Table 3.3.

Figure 3.2 BaseThe triangular integrally formed geogrnd from polypropylene: GG 2
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Table 3.3. Index Properties for GG 2

Characteristics Units Longitudinal Diagonal Transverse General

Rib Pitch0)~ mm (in) 40 (1.60) 40 (1.60) - -

0 Mid-Rib Depth 1) mm (in) - 1.6 (0.06) 1.4 (0.06) -
~2 Mid-Rib Width0') mm (in) - 1.0 (0.04) 1.2 (0.05) -

___ Aperture Shape - - - - Triangular

~~Junction Efficiency %- - - 93

SRadial Stiffness kN/m 300
- @ 0.5% Straino2  (lb/fl) (20,580)

Polymer Type Polypropylene

Manufacturing Process Integrally Formed Triaxial Geogrid
Nominal Dimensions
Radial Stiffness determined from tensile stiffness measured in any in-plane axis. Testing in accordance
with ASTM D6637.

3.2.1.3. GG 3

GG 3 is a woven geogrid made of high molecular weight multifilament polyester

yamns (Figure 3.3). The yamns are woven into a stable network and placed under
tension. The polyester yamns are PVC coated to help prevent degradation. This

product has not been widely used by TxDOT. Index properties of this geosynthetic

are presented in Table 3.4.

- - - - - m -

* - - ~ - - - - - - -

* - - - - - - - - - - I

* - - - - - - - - -

*m

* - - - - - - - -

* - - - - - - - - -

*

Figure 3.3 Baseline biaxial woven geo grid from polyester: GG 3

Table 3.4. Index Properties of GG 3
Characteristics Units MD CD

@ 1% Strain kN/m (lb/fl) --

Tensile Strength @ 2% Strain kN/m (lb/fl) 7.7 (526) 8.4 (578)
- ASTM 6637 @5% Strain kN/m (lb/fl) 11.5 (792) 15.2 (1,042)
____________________Ultimate kN/m (lb/fl) 34.9 (2,388) 56.5 (3,870)

FHWA Sum of Junctions -Efficiency % 201 100

JuctonStenth(Utiat)kN/junction 0.87 (59.4) 0.69 (47.6)
Juncion trenth (ltimte)(lb/junction)

8 Aperture Dimensions mm (in) 25 (1.0) 25 (1.0)

S Minimum Rib Thickness mm (in) 1.1 (0.04) 1.1 (0.04)
RibW0thmm (in) 5.4 (0.21) 6.6 (0.26)

Polymer Type Polyester
Manufacturing Process Woven Polyester Yamns
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3.2.1.4. GG 4

GG 4 is a biaxial polypropylene geogrid manufactured by laser bonding
longitudinal and transverse ribs (Figure 3.4). It has been used in the field test
sections constructed in FM 1774. Due to its different manufacturing procedure as a
welded geogrid, the mechanistic behavior of this geogrid might differ from the
extruded and woven geogrids discussed earlier. Therefore, selection of this geogrid
allowed evaluation of the impact of manufacturing process on the test results.
Furthermore, the research team expected to capture a comparatively low value of
composite stiffness as the section built using this product in the field has exhibited
a comparatively poor performance. Index properties of this geosynthetic are
presented in Table 3.5.

Figure 3.4 Baseline biaxial laser-bonded geo grid from polypropylene: GG 4

Table 3.5. Index Properties of GG 4
_____ Characteristics Units MD CD

@ 1% Strain kN/m (lb/fl) 5.2 (356) -

Tensile Strength @ 2% Strain kN/m (lb/fl) 8.2 (563) -
0 -A TM 637 @ 5% Strain kN/m (lb/f) 15.1 (1,031) -

______________ Ultimate kN/m (lb/fl) 24.2 (1,658) -

Junction Strength (Ultimate) kN (ibs) 0.70 (157) -

Junction Strength (Ultimate) kN/m (lb/fl) 14.0 (958) -

Aperture Dimensions mm (in) 41 (1.61) 41 (1.61)

2 Minimum Rib Thickness mm (in) 0.6 (0.02) 0.45 (0.02)

SRbWdhmm (in) 8.9 (0.35) 9.1 (0.36)

Polymer Type Polypropylene

Manufacturing Process Laser Welded Biaxial Geogrid

3.2.1.5. GT 1

GT 1 is a geotextile created from high-tenacity polypropylene filaments formed
into a weave to provide reinforcement strength integrated with water flow and soil
retention (Figure 3.5). This product has been used in the SH21 rehabilitation
project. Selection of this product allowed capturing any alternate mechanisms
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involved in soil-geotextile interaction as compared to those involved in soil-geogrid
interaction. Index properties of this geosynthetic are presented in Table 3.6.

Figure 3.5 Baseline woven geotextile: GT 1

Table 3.6. Index Properties of GT 1

Characteristics Units MD CD

@ 1% Strain kN/m (lb/fl) - -

Tensile Strength @ 2% Strain kN/m (lb/fl) 350 (24,000) 1,313 (90,000)
- ASTM 4595 @ 5% Strain kN/m (lb/fl) - -

C Ultimate kN/m (lb/fl) - -

Flow Rate 1/min/m2  3056
-ASTM D 4491 (gal/min/fl 2 ) (75)
-~~ Permittivity1.

ASTM D 4491 sec- .

Apparent Opening Size (AOS) mm 0.43
______ASTM D 4751 (U.S. Sieve) (40)

Polymer Type Polypropylene Filaments
Manufacturing Process Woven Filaments

3.2.2. Characterization of Geosynthetics in accordance
with TxDOT Specifications
The selected geosynthetics were characterized according to the physical
requirements of the then-existing TxDOT Department Material Specifications
DMS-6240 for Geogrid for Base/Embankment Reinforcement. The requirements
involved only geometrical or in-isolation (i.e., without involvement of surrounding
soil) properties of the geosynthetics including aperture size, percent open area,
thickness of the ribs, tensile modulus, and junction efficiency. Table 3.7
summarizes characteristics of the selected geosynthetics as compared to the
requirements by TxDOT DMS-6240.
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Table 3.7: Characterization of geosynthetics in accordance with TxDOT DMS-6240
DMS-6240 Material Requirements for Type 1 Geogrid

Aprue Percent Minimum Thickness of Ribs and TnieMdls Jnto
Openue Junctions, in. (mm) @2% strain, kips/fi, Efficiency,

Size in., pe (kN/m) % of rib
Geosynthetics (mm)' Are, D CMD Junctions MD CMD tensile

Ribs Ribsstrength
1.0-2.0 0.03 0.025 0.06 >14 >14
(25-51) >7% (0.77) (0.64) (1.50) (205) (205) >9%

GG1 l.Oxl.3 7% 0.03 0.03 0.06 14 22.5 9%GG 1 (25x33) (0.76) (0.76) (1.50) (205) (330)

0.07 0.06 20.5

GG 2 l.6x1.6x1.6 >70% (1.8) (1.5) 0.13 (300)93(40x40x40) In In (3.4) (Radial stiffness @
diagonal transverse 0.5% strain)

100% in
GG3 l.Oxl.0 >7% >0.03 > 0.03 > 0.06 26.3 28.9 CD

(x2)(0.77) (0.77) (1.5) (385) (422) 201% in
MD

GG 4 l.73x1.73 75 > 0.03 > 0.03 > 0.06 20.5 68.5 30(44x44) (0.77) (0.77) (1.5) (300) (500)

GT 1 -- - -- -- - 24 90
(350) (1313)

3.2.3. Backfill Materials
The backfill materials used in the soil-geosynthetic interaction testing program
represent various particle sizes of base materials ranging from fine gravel to
medium size sand. Specifically, two gravel and one sand backfill materials were
used.

A gravel backfill material was obtained from Martin Marietta Sand and Gravel
Quarry in Garfield, Texas. It involved a clean, river-washed pea gravel with
rounded particles (Figure 3 .6a). This gravel contained particles passing a 3/8" sieve
and included portions retained in all sieves up to Sieve No. 16. This soil was
referred to as AASHTO No. 8 because it conformed to the specifications of this
class of aggregates as specified in AASHTO M43 (AASHTO 2013) and ASTM
D448 (ASTM 2012). The average specific gravity of this soil is 2.65 and is
classified as poorly graded gravel (GP) according to the USGS [ASTM D2487
(ASTM 2011)] and as Group A-i-a according to the AASHTO classification
system [AASHTO M145 (AASHTO 2012); ASTM D3282 (ASTM 2015)].

The second gravel backfill material was obtained after sieving AASHTO No. 8
backfill using 1/4" (6.35 mm) and Sieve No. 4 (4.75 mm). The portion remained
between the two sieves, which represented a comparatively more uniformly graded
gravel, was used as the second backfill material referred to herein as AASHTO No.
8-Truncated (Figure 3.6b).

The third backfill material used in the experimental program consisted of a clean
poorly graded sand, known as Monterey No. 30 sand (Zomnberg et al., 1998b). The
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sand has a uniform soil particle size distribution, with particle sizes smaller than
0.762 mm, and is composed of medium to fine and subangular to subrounded
particles. The mean particle size (Dso), coefficient of uniformity (Cu), and
coefficient of curvature (Ce) were determined to be 0.44 mm, 1.6, and 1.0,
respectively. Monterey No. 30 sand is classified as poorly graded sand (SP),
according to the USCS [ASTM D2487 (ASTM 2011)], and as Group A-i-b,
according to the AASHTO classification system
2012); ASTM D3282 (ASTM 2015)].

[AASHTO M145 (AASHTO

rA~~

V ~

(b) (c)
Figure 3.6 Backfill materials used in the experimental program: a) A ASH TO No. 8; b)

A ASH TO No. 8-Truncated; c) Monterey No. 30 Sand

The AASH TO No. 8 and AASHTO No. 8-Truncated backfill materials were placed
dry and the Monterey sand was placed with a moisture content of 1.5 to 2%. The
target dry unit weight of the backfill materials was 103.4 pcf (16.24 kN/m3). The
particle size distribution curves of the three backfill materials are presented in
Figure 3.7.
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Figure 3.7 Soil particle size distribution curves of the backfill materials used in the
experimental program

3.3. Scope of Testing Program
This section describes the test configurations used in the soil-geosynthetic
interaction testing program to produce data to support TxDOT specifications for
geosynthetic-stabilized roadways under environmental loads.

3.3.1. Geosynthetic Specimen Dimensions
The dimensions of the confined portion of the geosynthetic specimens (i.e., the
portion that is placed inside the box) was approximately 11 in. (280 mm) (width)
by 9.8 in. (250 mm) (length). However, the specimens were cut longer to allow
attachment to the roller grip outside the box. The length of the unconfined portion
of the geosynthetic specimen (i.e., the portion remained out of the box) was
approximately 20 in. (500 mm).

3.3.2. Confining Pressure (Normal Stress)
Three confining pressures of 1, 3, and 5 psi (7, 14, and 21 kPa) were used. These
confining pressures were selected as they were estimated to be similar to the
average normal stress applied at the location of the geosynthetic layer in a typical
geosynthetic-stabilized base roadway. Comparatively higher confining pressures
were found to result in the tensile failure in unconfined portion of the geosynthetic
specimens without significant mobilization of soil-geosynthetic interaction along
the geosynthetic confined length.
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3.3.3. Geosynthetic Orientation
The baseline geosynthetics were tested in both cross-machine and machine
directions. While the soil-geosynthetic interaction in the geosynthetic cross-
machine direction is expected to be predominant in the performance of the
geosynthetic-stabilized roadways under environmental loads, both cross-machine
and machine directions are expected to be important in the performance under
traffic loads.

3.3.4. Testing Displacement Rate
According to American Society for Testing and Material (ASTM) Standard Test
Method for Measuring Geosynthetic Pullout Resistance in Soil (ASTM D6706), the
displacement rate that shall be used for pullout testing is 0.04 in/mmn (1 mm/min).
An experimental program was conducted to evaluate the effect of displacement rate
on the soil-geosynthetic interaction results. It was found that although displacement
rate may slightly change the absolute value of the index parameter, it does not
change comparative evaluation among various geosynthetics. Eventually, the
displacement rate recommended by ASTM D6706 (i.e., 0.04 in/mmn [1 mm/mmn])
was adopted in the soil-geosynthetic interaction testing program in this project.

3.3.5. Testing Matrix
Considering various combinations of backfill materials (AASHTO No. 8,
AASHTO No. 8-Truncated, and Monterey No. 30), confining pressures (1, 3, and
5 psi), and geosynthetic orientations (cross-machine and machine directions) the
testing matrix adopted to produce data to support TxDOT specification of
geosynthetic-stabilized base roadways are summarized in Table 3.8. Repeat tests
were conducted for each testing configuration to reach an acceptable range of error.
Eventually, over 400 soil-geosynthetic interaction tests were conducted. Results
obtained in the experimental program are discussed in the next section.

Table 3.8: Soil-geosynthetic interaction testing matrix using the baseline
geosynthetics

No. of Backfill No. of Confining No. of Test No. of No. of Total No. of
Materials Pressures Direction Geosynthetics Repeats Tests

3 3 2 5 4 400

3.4. Test Results
Findings obtained from comparison of the KSGC values among various test
configurations are discussed in this section.
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3.4.1. Effect of Backfill Materials
Results of the soil-geosynthetic interaction tests conducted using various backfill
materials are presented in Figure 3.8a, b, and c, for AASHTO No. 8, AASHTO
No.8-Truncated, and Monterey Sand, respectively. The trends observed among the
KSGC values of the four baseline geogrids were similar between the two gravel
backfills (i.e., AASHTO No. 8 and AASH TO No.8-Truncated) (Figure 3.8a and b).
Specifically, using either of the gravel backfills the four baseline geogrids could be
ranked from the highest KSGC to the lowest KSGC as GG 2, GG 1, GG 3, and GG 4.

21



a) E

b) E

0G2 GG1 GG3 GG 4 GT I

Figure 3.8 KSGC values obtained for the baseline geosynthetics using various backfill
materials: a) A ASH TO No. 8; b) A ASH TO No. 8-Truncated; c) Monterey No. 30 Sand

However, this trend was observed to be different for the sand backfill (i.e.,
Monterey Sand in Figure 3.8c). Specifically, geogrid GG 3 was found to show a
comparatively high KSGC value when tested with sand. Investigation of the structure
of this geogrid revealed that the transverse and longitudinal ribs of this product are
composed of multiple coated polyester yamns that are woven together. This design
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provided a completely different micro-texture than that in the other integrally
formed polypropylene geogrids. The micro texture of geogrid GG 3 makes it
particularly suitable to interact with micro-texture of sand backfills. This is similar
to interaction between sand and a woven geotextile. Consistent with this
observation, it was observed that the KSGC value for the baseline woven geotextile
GT 1 was also significantly higher when tested in sand as compared to testing in
gravel.

Because the interaction between geosynthetic and flexible base course can be better
represented by gravel-geosynthetic interaction than sand-geosynthetic interaction,
"a gravel backfill material" was considered for specification of geosynthetic-
stabilized base pavements. Furthermore, since similar trends were observed
between results obtained using AASHTO No. 8 and AASHTO No.8-Truncated
backfills, "AASHTO No.8-Truncated" was selected to be used for specification of
geosynthetic-stabilized base pavements; because this backfill material is
comparatively more uniform than AASHTO No.8 and consequently, will be easier
to be reproduced.

3.4.2. Effect of Normal Stress
Results of the soil-geosynthetic interaction tests conducted under various normal
stresses are presented in Figure 3.9a, b, and c, for 1, 3, and 5 psi, respectively.
Following the finding regarding the difference between sand-geosynthetic
interaction and gravel-geosynthetic interaction, the plots are presented separately
for gravel and sand backfills. It was found that for the gravel backfills, the KSGC
values at a normal pressure of 1 psi are comparatively small for all geosynthetics,
which made it particularly difficult to differentiate various geosynthetics. The low
value of KSGC under a normal pressure of 1 psi was expected because soil shear
strength and stiffness are expected to be particularly low under this normal pressure.

The KSGC values under normal stress of 3 and 5 psi were, expectedly, found to be
higher than that under 1 psi. Both normal stresses were found to provide a
reasonably large interaction between geogrids and backfill materials to be able to
differentiate various geogrids. However, a 3 psi normal pressure was found to
provide a slightly better distinction among the geogrids than 5 psi.

The KSGC value obtained using baseline geotextile GT 1 could not be fit into the
ranking obtained for the baseline geogrids. While under 3 psi, the tests conducted
using the geotextile resulted one of the lowest KSC values among all geosynthetics,
tests conducted under 5 psi resulted a high value for the baseline geotextile as
compared to the geogrids. This observation was found in both gravel backfills.
Inconsistency between comparison of the geotextile and geogrids based on the KSGC
values under various normal stresses may be attributed to different mechanisms
involved in the soil-geogrid interaction as compared to soil-geotextile interaction.
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Specifically, soil-geotextile interaction is predominantly governed by friction,
while both friction and passive resistances contribute to soil-geogrid interaction.

Based on the discussion presented in this section, a normal pressure of 3 psi was
adopted for specifications of geosynthetic-stabilized pavements. It was also
concluded that ranking geogrids and geotextiles should be considered separately to
account for various interaction mechanisms mobilized in their interaction with
backfill materials.
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Figure 3.9 KSGC values obtained for the baseline geosynthetics using various normal
stresses: a) 1 psi; b) 3 psi; c) 5 psi.
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3.4.3. Effect of Test Direction
Results of the soil-geosynthetic interaction tests conducted using the target normal
stress and backfill materials in different directions of geosynthetic rolls are
presented in this section. It should be noted that since physical and mechanical
properties of the geosynthetics may not necessarily be the same in the machine and
cross-machine directions, different KSGC values and rankings among the
geosynthetics could be expected for the two directions.

Figure 3.10 presents the KSGC values obtained in both machine and cross machine
directions of the five baseline geosynthetics using AASHTO No.8-Trunctaed
backfill materials and under a normal pressure of 3 psi. Although the KSGC value
obtained for each geogrid in the machine direction was different than its KsC in
the cross-machine direction, ranking of the geogrids was found to be the same in
both directions. For geogrids GG 3 and GG 4, the KSGC value in the machine
direction was found to be slightly smaller than that in the cross-machine direction.
The KSGC value of geogrid GG 1 in the machine direction was found to be
approximately the same as that in the cross-machine direction.

The second direction for testing GG 2 (as a triangular geogrid) was selected as the
diagonal direction. The KSGC value obtained for this geogrid in the diagonal
direction was found to be considerably smaller than that in the cross-machine
direction. This might be partially attributed to the differences in the physical and
mechanical characteristics of the geogrid in the two directions, and can also be
partially attributed to that geogrid specimens tested in the diagonal directions were
collected from a different manufactured roll that the specimens tested in the cross-
machine direction.

As the predominant direction of interaction relevant to the performance of
geosynthetic-stabilized roadways under environmental loads is the cross-machine
direction, this direction was selected for TxDOT specifications. When geosynthetic
stabilization of the base course is used to improve road performance under traffic
load, both cross-machine and machine directions may be important.
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Figure 3.10 Comparison of KSGC values obtained for the baseline geosynthetics in cross-
machine and machine directions using A ASH TO No. 8-Truncated backfill materials under

3 psi

3.5. Summary and Conclusions
A comprehensive soil-geosynthetic interaction test program was conducted to
identify the most relevant test configurations to be used for TxDOT specifications

for geosynthetic-stabilized roadways. Specifically, five baseline geosynthetics,
including four geogrids and one geotextile, with a wide range of properties were
tested using three soil types (two gravels and one sand), three normal pressures (1,
3, and 5 psi), and two testing directions (cross-machine and machine directions).

While large aggregate particles cannot be accommodated in the small-scale soil-

geosynthetic interaction box, one sand and two gravel backfill materials (with
particle sizes ranging from Sieve No. 4 [4.75 mm] to 3/8" sieve) were used in the
testing program. Comparison of the data produced using the sand backfill material
to that produced using the gravel backfill materials revealed that a gravel backfill
material is necessary for TxDOT specification. Gravel-geosynthetic interaction can
better represent the interaction mechanisms between geosynthetic and flexible base
materials.

Evaluation of the results obtained using the two gravel backfill materials of
different particle sizes indicated that while the absolute value of KSC may change,
comparative evaluation of geosynthetics may not be affected by characteristics of

the gravel backfill. Eventually, the gravel backfill material that had a more uniform

particle size distribution was selected for TxDOT specification since this material
is expected to be easier to reproduce.
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Comparison of the soil-geosynthetic interaction test results for the baseline
geotextile to those for the baseline geogrids indicated that the KSGC values obtained
for geotextiles should not be directly compared to those for geogrids. Therefore,
geotextiles and geogrids should be separately evaluated for TxDOT specification
purposes. This difference can be attributed to the different mechanisms involved in
soil-geotextile interaction as compared to soil-geogrid interaction.

KSGC value was found to change with normal stress. A comparatively high normal
stress may result in breakage of the geosynthetic specimen in tension before soil-
geosynthetic is fully mobilized in the confined length of the geosynthetic. On the
other hand, a comparatively small normal stress may not produce KSGC values large
enough to differentiate various geosynthetics. Eventually, a normal pressure of 3
psi was selected for TxDOT specification purposes. This normal stress was found
to be a reasonably good estimate of the permanent normal pressure applied to
geosynthetics in a geosynthetic-stabilized roadway and also large enough to
produce distinctive KSGC values for various geosynthetics.

Eventually, as the predominant direction of interaction relevant to the performance
of geosynthetic-stabilized roadways under environmental loads is the cross-
machine direction, this direction was selected for TxDOT specifications.
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Chapter 4. Field Monitoring Program

4.1. Introduction
This chapter reports on the field-monitoring program conducted to produce field
performance data of geosynthetic-stabilized roadways subjected to environmental
loads. A total of ten field locations were identified. Field performance measures
that are most relevant to assess the performance of stabilized sections versus non-
stabilized (control) sections under traffic load and environmental conditions were
then identified. Specifically, vertical deflection in the wheel path (rut depth) was
identified as the relevant measure to the performance under traffic loads, and the
percentage of longitudinal cracks as well as differential vertical movement between
the centerline and the shoulders were identified as the relevant measures to the
performance under environmental loads.

The data relevant to the performance under environmental loads was then collected
on the identified field sections using three procedures: 1) visual condition surveys
were conducted to observe, document, and measure the extent and the severity of
the surface distresses; 2) total station surveys of the road cross sections were
utilized to evaluate the differential movement between the roadway centerlines and
shoulders; and 3) the data available in the TxDOT Pavement Management
Information System (PMIS) database was collected to evaluate long-term
performance of the identified sections.

The field performance data (detailed in this chapter) complemented the
experimental data obtained in the soil-geosynthetic interaction testing program
(detailed in Chapters 3 and 5) to establish limits for acceptable KSGC values for
selection of geosynthetic for base stabilization under environmental loads.

4.2. Performance Evaluation Program
A study was conducted to identify field performance measures that can determine
potential benefits from geosynthetics in geosynthetic-stabilized roadways. The
performance measures were found to be different under various types of loading.
Specifically, vertical deflection in the wheel path (rut depth) was identified as the
main performance measure under traffic loads (e.g., Distress Identification Manual
for the Long-Term Pavement Performance Program (LTPP) [FHWA, 2003], PMIS
survey [TxiDOT, 2015]). On the other hand, environmental longitudinal cracks were
identified as the main distress type caused by the swelling and shrinkage of
expansive clay subgrades due to environmental changes (Zomnberg et al., 20 12a, b;
Roodi 2016). In addition, differential vertical movements between the roadway
centerline and its edges, which can be characterized by changes in the transverse
profile of the road surface, was also identified as an indication of the performance
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under subgrade seasonal swelling and shrinkage (Roodi et al., 2016).The
performance data was collected through three procedures:

* Visual Condition Surveys of the test section were conducted to
characterize various types of pavement distresses. The focus of the
condition surveys was on characterization of environmental longitudinal
cracks.

* Total Station Surveys of the transverse profile of the test section surfaces
were conducted to characterize the differential vertical movements between
the roadway centerline and its edges.

* TxDOT PMIS Database of roadways performance data was evaluated.
The focus of this evaluation was on the percentage of longitudinal cracks,
rut depth data, and the scores relevant to general condition of the roadway.

It should be noted that the performance data for each field location may have been
collected from one, two, or all three components of the monitoring program listed
above. The main features of each component of the monitoring program along with
sample data are presented next.

4.2.1. Visual Condition Surveys
Visual condition surveys were conducted in accordance with the instructions
provided by the TxDOT PMIS Rater's Manual (TxDOT, 2015). In particular, the
distress data was collected and characterized in the following ten categories
recommended by this manual for flexible pavements:

* Shallow Rutting and Deep Rutting: Rutting was measured as the
percentage of the section's total wheel paths area in different severity levels.
While shallow rutting is defined as 0.25 to 0.49 in. (6 to 13 mm), deep
rutting is determined as 0.5 to 0.99 in. (13 to 25 mm). Severe rutting refers
to rut depths as great as 1.0 to 1.99 in. (25 to 51 mm), and failure rutting
refers to rut depths exceeding 2.0 in. (51 mm). In this study, rutting of test
sections was measured using a 6-foot straight edge and a steel ruler. An
example of rutting measurement on the FM2 pavement is illustrated in

Figure 4.1.
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Figure 4.1 Measurements of rutting in the FM2 pavement

eAlligator Cracking and Block Cracking: Alligator (or fatigue) cracks are
irregularly shaped interconnected cracks mainly developed in the wheel
paths by the traffic load. Block cracks are much larger in dimensions and
divide the pavement surface into rectangular shaped blocks. Unlike alligator
cracking, block cracking is mainly caused by non-traffic associated reasons
such as shrinkage of the asphalt layer or swelling and shrinkage of the base
course layer. According to TxDOT PMIS Rater's Manual, alligator
cracking should be measured as "the percentage of the rated lane's total
wheel path area that is covered by alligator cracking" regardless of the
cracks width. This manual does not define any severity level for alligator
cracking. Similar to alligator cracking, no severity level has been defined
for block cracking in the Rater's Manual. Block cracking shall be measured
in terms of the percentage of block cracking area out of the total lane's area.

e Longitudinal and Transverse Cracking: As recommended by T xDOT
PMIS Rater's Manual, longitudinal and transverse cracks that were wider
than 3 mm were considered in the analysis. The cracks were measured in
terms of the linear foot of cracking per 100-ft stations, for longitudinal
cracking, and the number of cracks per 100-ft stations, for transverse
cracking.

* Patching: Repairs made to cover distresses appeared on the pavement
surfaces are called patches. According to TxDOT PMIS Rater's Manual,
patching should be measured in terms of the percentage of the patched area
with respect to the total area of the lane.

* Raveling and Flushing: Disintegration of the material of the asphalt mix
causes the aggregate particles to be exposed on the surface of the pavement.
This distress is called raveling and is measured as the percentage of the rated
lane's total surface area that is affected by raveling. On the other hand,
exposure of the bituminous material on the surface of the pavement is
referred to as flushing. This distress shall be quantified as the percentage of
flushing area out of the total surface area of the pavement.
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* Failures: Areas that are severely distressed are counted as failures. Failures
may be caused by extreme rutting or widely opened cracks or even high
severity alligator cracking.

In a number of test sections, including FM 2, FM 1644, and State Highway (SH)
21, comprehensive condition surveys were conducted as part of which distress data
was collected in all ten categories described above. In other test sections, the
condition surveys were conducted with a focus on characterization of
environmental longitudinal cracks, which were identified as the main damage
caused by the subgrade swell and shrinkage.

Table 4.1 illustrates an example of visual condition survey forms used by the
evaluation team members during the surveys. This example refers to Section #2
from FM 2, which was constructed as a control section. General information of the
test section, including section number, geosynthetic type, section length, and
starting and ending stations, are summarized on top. Then, the severity and extent
of each distress type is detailed in the next rows of the table. In particular, the
location of each distress has been recorded by the distance from the beginning of
the section or the beginning of the experimental area. Picture numbers associated
with each distress are also documented in the next column. Remarks by the road
evaluators are also included in the last column of the survey form.

Figure 4.2 illustrates an example of the analysis that was conducted for comparative
evaluation of performance in stabilized versus non-stabilized test sections. This
example shows the percentage of longitudinal cracks in the FM 1644 test sections.
The horizontal axis of this graph corresponds to the test section numbers,
categorized in stabilized versus non-stabilized groups. The vertical axis presents
the percentage of longitudinal cracks calculated from condition survey data. The
potential benefit of geosynthetics in mitigating the percentage of cracks in this road
is underlined in this example. While the geosynthetic-stabilized test sections
located in the middle of the experimental area had a percentage of crack of 8% on
average, the non-stabilized test sections located on the west and east sides presented
comparatively higher percentage of cracks.
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Table 4.1: Example visual condition survey data collected as part of the monitoring
program
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Figure 4.2 Example analysis for comparative evaluation of performance in geosynthetic-
stabilized versus non-stabilized test sections

4.2.2. Total Station Surveys
This section describes the procedure conducted to monitor differential vertical
movements between the centerline and shoulders of the roadways constructed on
expansive clay subgrades. The mechanism that is expected to result the differential
vertical movements is explained first, and the procedure conducted to measure the
deflections are discussed next.

4.2.2.1. Differential Vertical Movement

As illustrated in Figure 4.3, construction of a relatively impervious pavement
structure over expansive clay subgrades restrains the access to water for the area
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located beneath the center of the road. However, the shoulder areas have
unrestrained access to water. Consequently, while the subgrade soil beneath the
shoulders can freely swell and shrink when its moisture content changes, the
subgrade beneath the center experiences little change in the moisture; and
consequently shows little swelling and shrinkage. Therefore, the edges of the
pavement tend to move downward during dry periods and upward during wet
periods (Figure 4.4). Cyclic wet and dry periods can then result in a non-uniform
uplift loading applied to the pavement structure, and, consequently, impose a
differential movement between the center and edges of the road. This leads to points
of high compressive stress in wet periods and high tensile stress in dry periods, and,
subsequently, generates longitudinal cracks in the pavement. Consistent with this
mechanism, longitudinal cracks have been reported to occur or widen towards the
end of dry periods and to partly close during wet periods.

It is expected that the geosynthetic layer homogenizes the non-uniform surface
movements in the roadway induced by settlement and heave of the expansive clay
subgrade. Redistribution of the non-uniform deformations of the roadway surface
then minimizes the differential movements across the pavement and transfers the
location of the maximum flexion from the paved area to the shoulder areas.

Non-Unilbrm Non-Uniform
Uplift Asphalt Concrete U lf

Depth of
Zonie Expansive-

zone Subgarde

Figure 4.3 Non-uniform environmental loading imposed to road structures by expansive
sub grades (Roodi and Zornberg, 2012)

Shrinkge ofOriginal ground profile

Points of high
Swelling of cprsie and

shoulder soil

Original ground profile
C L

Figure 4.4 Conceptual model for generating environmentally induced longitudinal cracks
in pavements
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Total station surveys were conducted to evaluate this conceptual model on a select
field test sections as described next.

4.2.2.2. Marking Transverse Sections
To monitor vertical movement of the road surface, a number of transverse sections
were identified in each test section. The transverse sections were selected from
areas that were found to perform well as well as from areas with poor performance
in terms of environmental longitudinal cracks. This allowed characterization of the
differential vertical movements in well-performed sections as compared to that in
poorly performed sections.

Identified transverse sections were marked on pavement surface as illustrated in
Figure 4.5. First, a 2- to 3-in, wide transverse stripe was marked perpendicular to
the central line of the road using duck tapes (Figure 4.5 a). The stripe was then
painted with white spray paints as illustrated in Figure 4.5b. Then, starting from the
center line, circular orange marks were painted on top of the white stripe with 1-ft
spacing toward the edges of the pavement (Figure 4.5 c). Vertical movement orange
marks were then monitored over time to evaluate changes in the transverse profile
of the road surface.

a) b) c)
Figure 4.5 Marking transverse test sections a) Marking a stripe with duct tape; b) Painting

the stripe with white spray paints; c) Painting circular orange marks on the white strnpe

4.2.2.3. Deformation Monitoring with Total Station
Total station instrumentation was used to obtain information on the vertical
movement of the marked transverse sections. The instrument model and the
distance of shooting were selected to provide a minimum accuracy of 2 mm in
reading elevations. As illustrated in Figure 4.6, the operation was first carried out
with regular total stations in which a prism should be held at target point. The
regular total station was later replaced by a prism-less total station that allowed
shooting at target points without prism. The replacement provided the same level
of accuracy and a fast and safe operation in the field.
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In order to read elevation of the marked transverse sections, a total station was
installed on the roadside less than 200 ft away from the marked sections. Then the
instrument was pointed at each orange mark along the transverse sections, and the
coordinates of the point were recorded. Transverse profile of the road could be
obtained by analyzing the recorded coordinates and connecting them accordingly.
Transverse profiles were obtained over time for the marked sections on a regular
basis and changes in the elevations were evaluated.

Figure 4.6 Using total station and prnsm to monitor vertical deformation of the marked
transverse sections

4.2.2.4. Example Results

The total station has many surveying functions of which the one used for this study
is a coordinate output in the northing (X), easting (Y), and Z direction. Each survey
was done by shooting the center point marked on the centerline of the road, and
continuing toward the shoulder by shooting each marked point in approximately
one-foot intervals (Figure 4.7).

Figure 4.7 Total station survey of the marked sections in the field

After performing the total station survey, the coordinate data was downloaded from
the total station onto the computer and plotted using a template created in excel.
The plots were produced by obtaining the X and Y coordinates of each point
relative to the center point. Changes in the transverse profile of the road surface
were evaluated by comparison among the profiles produced in consecutive site
visits. Changes in the slope of each side of the road were also evaluated. An
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example of the results from the total station surveys is shown in Figure 4.8 and
Table 4.2.

Table 4.2. Example results from total station surveys
FM 1979-Westbound Readings-Section#8-Visit #1 FM 1979-Eastbound Readi ngs-Section#8-Visit #1

Total Station Coordinate Reading Modified coordination for Total Station Coordinate Reading Modified coordination for
Relative to center line cross section of the road Relative so center line cross section of the road

Z X i Y Z X YZ X Y Z X Y

Pt. m m m mm mm mm] Pt. m m m mm mm mm

1 010 0 0 [010 1 0 [0 [0 01010
2 -0.00762 0.217932 0.224028 -7.62 313 i 0 2 -0.0061 -0.19812 -0.22403 -6.096 299 0
3 -0.01981 0.428244 0.44196 -19.812 1 615 1 0 3 -0.02286 -0.39472 -0.4511 -22.86 599 0
4 -0.02134 0.641604 0.673608 -21.336 1 930 1 0 4 -0.02896 -0.61265 -0.67208 -28.956 909 0
5 -0.01524 0.839724 0.897636 -15.24 l 1229 i 0 5 -0.01829 -0.80467 -0.89002 -18.288 1200 0
6 -0.01372 1.042416 1.124712 -13.716 1533 0 6 0.001524 -1.03327 -1.11404 1.524 1519 0
7 -0.02591 1.260348 1.344168 -25.908 1843 0 7 0 -1.23292 -1.33807 0 1819 0
8 -0.03658 1.444752 1.56972 -36.576 2133 0 8 -0.01372 -1.43256 -1.54991 -13.716 2111 I 0
9 -0.04877 I1.674876 1.7907 -48.768 2452 0 9 -0.02743 -1.6322 -1.7907 -27.432 2423 0
10 -0.05334 1.868424 2.013204 -53.34 2747 0 10 -0.03505 -1.83032 -2.01168 -35.052 2720 0
11 -0.05944 12. 112264 2.25552 -59.436 3090 0 11 -0.03048 -2.04673 [-2.24028 -30.48 3034 0
12 -0.05334 12.289048 2.465832 -53.34 3365 0 12 -0.03505 -2.2479 -2.4704 -35.052 3340 0
13 -0.05486 12.526792 2.692908 -54.864 |3693 0 13 -0.03505 -2.45212 -2.68834 -35.052 3639 0
14 -0.06706 12.706624 2.912364 -67.056 |3976 0 14 -0.05486 -2.67919 -2.91084 -54.864 3956 0
15 2.717292 i-12.7559 3.003804 2717.292| 13105 0 15 -0.0701 -2.87426 [-3.14554 -70.104 4261 0

Distance from C.L. (mm) Distance from C.L. (mm)
-4500 -3500 -2500 -1500 -500 500 1500 2500 3500 4500

0 0

t)-100

--- Sec #8 8/11/2015
-- +- Sec #8 8/25/2015
-+f- Sec #8 9/27/2015
-- 0-- Sec #8 1/28/2016

Figure 4.8 Example transverse profile of the road surface generated using total station
data

4.2.3. PMIS Data
As part of TxDOT's PMIS, road performance data has been collected and stored in
databases in a manner that can quickly be retrieved and analyzed. The performance
data has been summarized for 0.5-mile data collection sections in five categories of
(1) visual distresses, (2) ride quality, (3) rutting data, (4) deflection, and (5) skid
resistance. While PMIS requires distress, rutting, and ride quality data to be
collected annually for 100% of state-maintained highways, collection of deflection
data is optional and skid resistance data must be collected on 25 to 50% of the roads.
Visual distress data is transformed into corresponding ratings including ratings for
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rutting, patching, failures, block cracking, alligator cracking, longitudinal cracking,
transverse cracking, raveling, and flushing. Rutting measurements are reported as
shallow rutting percentage, deep rutting percentage, and average rut depth. The
PMIS also produces five scores to describe the quality of Texas pavements in an
orderly and consistent manner. The scores include Distress Score (ranging from 1
to 100), Ride Score (ranging from 0.1 to 5), Condition Score (ranging from 1 to
100), Structural Strength Index (SSI) Score (ranging from i to 100), and Skid Score
(ranging from 1 to 99). These scores are defined as utility factors to adjust the
ratings and other performance data into a uniform scale for comparison purposes.

As part of the monitoring program of the field sections, the PMIS data available on
and around the location of the field sections was collected and evaluated. Texas
Road Marker (TRM) numbers were identified at each field location and the
corresponding performance data was downloaded in spreadsheet format from the
TxDOT PMIS database. In particular, consistent with the identified performance
measures in this project, the following information types were collected from the
TxDOT PMIS database:

* Longitudinal Cracking that is characterized as part of PMIS visual distress
evaluation and is reported with a designated distress rating. The rating
method for longitudinal cracking involves using length per 100-ft station
scale, which can range from 0 to 999.

* Rutting Data that is measured from the actual pavement surface by a
TxDOT profiler/rutbar vehicle. Rutting measurements are reported as
shallow rutting percentage, deep rutting percentage, and average rut depth.

* Condition Score that is identified based on pavement overall condition in
terms of distress and ride quality. This score ranges from 1 (worst condition)
to 100 (best condition) with the five classes varying from Class A (Very
Good), for Condition Scores of 90 to 100, to Class F (Very Poor), for
Condition Scores below 34.

Table 4.3 illustrates an example of the performance data collected from TxDOT
PMIS database. This example refers to the FM 1774 project, which is composed of
three test sections: two geogrid-stabilized sections and one control section. As
illustrated on top, TRM numbers were identified for the limits of the test sections
and the PMIS results of longitudinal cracking percentage were collected between
1994 and 2015.
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Table 4.3. Example PMIS data collected as part of the monitoring program

-M77 K-

ACP_LONGITUDE_CRACKING_PCT
R_4_at Start 427 994_

S------- *iY 1x0-g4-- __-

______TRM

Year 427 427.5 428 428.5 429 429.5 430 430.5 431 431.5 432 432.5 433
1994 _- __ 1I T0 0
1995 __ 0 2 ~0 - 0 0 0 100 ____ __

O96 Oj 2 0 0 010 0 10 0 0 0 0
1996 0 _ _6 _ _10 0 _ _2. 3 2 5 _ j_11 0 4
1998 _0 310 0 2 2 2 2 ___ 8 8 3 0 5
1999 __010 12 0 |0 0 0 0 3
2000 _0 010 2 2 9 0 0 10I 0 18 0
2001 0 0 t3 2 0 919 21 3 ~00 0 0
2002 0 _3_1 0 2 5__ J_ j _3 _ 5 0___0 0 0 0
2003 21210 3 2 81i2 26 0 10 I0 0 0
2004 _____ _ _ ___ 0 jO 0 0 0
2005 _010 0 0 0 010 0 __ liii 0 1 5
2006 0 Ot 0 0 0 0 0 0 __151|12 *0 12 0
2007 0 _0_ 0 0 _ __j__0 0 12 _11_21 0 2
2008 _0 t 0 0 0 0 __ ___9 j6 0 3 0
2009 _010 0 0 2 3 ~8 1 3 __ 11218 0~ 3 5
2010 __010 0 0 00 01 3 ___ 127118 0 6 3
2011 _010 0 0 0 0 i0LQ0 0. 0 0 0 0
2012 _0_1 _ 3_ _3_ 6 10_ 2__ 2 16 12_ 0_ 0 82013 _ Q_ 0_ 3 3 0 0 3: __ Q.5_ 8--------0 0
2014 01I010 0 0 0101 __ 014 0 4 3
2015 ___ ~ ___ __________J___ _______1___ ______ ________

Figure 4.9 illustrates an example of the analysis that was conducted for comparative
evaluation of performance in geosynthetic-stabilized versus non-stabilized test
sections using the collected PMIS data. In this example, average percentage of
longitudinal cracks for Data Collection Sections is illustrated on the vertical axis
and the TRM numbers are presented on the horizontal axis. Limits of the three test
sections are also specified in this graph. Evaluation of the data presented in this
graph for various years provides insight on comparative performance of
geosynthetic stabilized versus non-stabilized test sections as well as on the
comparative performance of various types of geosynthetic reinforcements.

ACPLONGITUDE CRACKINGPCT
30 Sec.#1' Sec.#2 Sec.#3

25 ~GG1 Control I GG2+

00 15 - + -2002

~ ~ 2003

- - + - +- 2005

RMiN

Figure 4.9 Example analysis for comparative evaluation of performance in geosynthetic-
stabilized versus non-stabilized test sections using PMIS data
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4.3. Field Performance of Experimental Test Sections
Results obtained from evaluation of the field performance of experimental test
sections are presented in this section.

4.3.1. Identification of Field Test Sections
Ten sites were identified through collaboration between the University of Texas
and TxDOT. Table 4.4 summarizes the main features of the field test sections at
each site. The sites were selected from among the roads with varying levels of
traffic (from low volume to high volume roads) and with a wide range of subgrade
soil properties.

Characteristics of the subgrade soil were determined by evaluation of the soil
characterization data available to TxDOT or to the research team. Additional
subgrade soil samples were also collected and characterized at locations where soil
characterization data was not available.

Geosynthetics that have been used at each location were also identified and
characterized according to the requirements of the existing TxDOT Department
Material Specifications DMS-6240. Table 4.5 summarizes characteristics of the
geosynthetics as compared to the requirements of DMS-6240.
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Table 4.4: Main features of the identified field test sections
TexasNumber

CTexay of Test
County Sections

Performance Geosynthetic
Years Types

Geosynthetic
Location

Subgrade
Soil USCS

Class

Approximate Range
of Subgrade Soil

Plasticity (PI)

FM 2 Bryan Grimes 32 10 GG 1 Base-Subbase CL and CH 2 o5

FM 1644 Bryan Robertson 6 4 GG 6 Base-Subbase CHI 25 to 40
Interface

FM 1915 Bryan Milam 3 20 GG 1 Inerfubae CH 40 to 55

FM 1774 Bryan Grimes 3 14 GG1 Base-Subbase CH 40

GG 1

SH 21 Austin Lee 7 5 GG 8~ Base-Subbase CH2to5
GG 8 Interface 2 o5

GG 10

FM 2924 ani Atascosa 7>3 GG 1 Base-Subbase CHI 40 to 55

FM 1979 Anoi Guadalupe 8 >3 GG 1 Base-Subbase CL 5 o6

Cabeza Road Yoakum DeWitt 3 >3 GG 7 GG 9 Base-Subbase CL, CH 20 to 40
Interface

FM 972 Austin Williamson 6 >3 stabilized -- CH 40 to 50

Turnersville Austin Travis 6 >3 sNaonze -- CHI 35
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Table 4.5: Characterization of geosynthetics used in the field test sections in accordance with the requirements of
TxDOT DMS-6240

Aperture Percent Open Thickness of Ribs, in. (mm) Tensile Modulus @2% Junction Efficiency,
Product Size, in. elongation, kips/fi (kN/m) % of rib ultimate tensile

arymse (m) Area, % MD Ribs CMD Ribs Junctions MD CMD strength

in this project 1.0-2.0 > 70% 0.03 0.025 0.06 >14 >14 > 90%
(25-51) (0.77) (0.64) (1.50) (205) (205)

GG11.Oxl.3 750.03 0.03 0.06 14 22.593
GG 1 (25x33) (0.76) (0.76) (1.50) (205) (330)

.x.x.60.07 0.06 0.320.5
GG 2 1(46x406x4) > 70 (1.8) (1.5) 0.3 4 (300) 93%

(40x40x40)In diagonal In transverse (34 (Radial stiffness @ 0.5% strain)

GG4 1.73x1.73 7%> 0.03 > 0.03 > 0.06 20.5 68.53%
GG4(44x44) (0.77) (0.77) (1.5) (300) (500)

GGO5l70 25 25
(25x25) (365) (365)

GG 6 0.6x0.6 17.5 24
(15x15) (250) (350)

1 .3x1.3x1.3 0.06 0.05 0.12 15.1
GG7 (33x33x33) > 70 (1.5) (1.2) 3.1) (200) 93%

In diagonal In transverse ' (Radial stiffness @ 0.5% strain)

GG 8 1 .3x1.3 > 70 0.03 0.03 13.5 19 93%
(33x33) (0.76) (0.76) (200) (275)

I1.6x1.6x1.6 0.05 0.05 0.13
GG 9 4xx4) > 70 (1.3) (1.2) (.)93%

(40x40x40) In diagonal In transverse (34

GG 10 7 (2.0) (1.6) 0.593%
(40x40x40) In diagonal In transverse (38

GT 2 -- -- -- -- -- (78 (66)

GG 1 =Tensar Biaxial Geogrid BXI 100; GG 2 = Tensar Triaxial Geogrid TX16O; GG 4 = Colbond Enkagrid Max2O; GG 5 = Tencare Mirafi BasXgrid 11;
GG 6 = Huesker Fornit 20; GG 7 = Tensar Triaxial Geogrid TXI3Os; GG 8 = Tensar Biaxial Geogrid BX4IOO; GG 9 =Tensar Triaxial Geogrid TX5; GG 10

= Tensar Triaxial Geogrid TX7; GT 2 = Tencate Geolon HP570.
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4.3.2. Site 1: Farm-to-Market Road 2 (FM 2)

4.3.2.1. Project Description
FM 2 is a two-lane light traffic road with trucks being the major traffic on the road.
The speed limit is 55 mph. FM 2 starts from 2 miles west of Highway 6 at Courtney
eastward to FM 362 in Grimes County, Texas. The total distance is about 6.4 miles.
Major problems with ride quality and different types of distresses, particularly in
form of longitudinal cracks, had been reported for the section between Highway 6
and FM 362. Following the falling weight deflectometer and rolling dynamic
deflectometer tests in this portion of the road, a major rehabilitation plan was
designed in 2006. The length of this section is about 4.4 miles (Figure 4.10).

____ 1km

.A FM2

6.4 miles

S2005 Map~uest corn Inc :0 200S GOT, Inc

Figure 4.10 Location of FM 2 and the rehabilitation area

4.3.2.2. Test Sections Design
Four pavement cores were taken from FM 2 in summer 2003 by TxDOT, which
indicated a light pavement structure. It included a 1-in, asphalt concrete layer as the
top cover of the road and up to 15-in, iron ore base course (Figure 4.11). The
rehabilitation design in 2006 involved 10-in, scarification and remix of the old base
course and construction of a new 7-in, base layer. As part of rehabilitation plan, 32
test sections were designed at two sections of the road as illustrated in Figure 4.12.
Four different repair schemes (with multiple replicates for each scheme) were
designed for the test sections that include (1) non-stabilized (control) sections, (2)
lime-stabilized sections, (3) geosynthetic-stabilized sections, and (4) combined
geosynthetic- and lime-stabilized sections (Figure 4.13).

Scheme (1) (control sections) was constructed using a 10-in.-thick subbase layer
composed of the original pavement materials that were scarified, remixed, and re-
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compacted. A new 5-in.-thick base layer was constructed on top of the subbase. In
Schemes (2) and (4) the 1O-in.-thick subbase was stabilized using 4 to 6% lime. In
Schemes (3) and (4) one layer of geosynthetic was placed at the interface between
the 1O-in.-thick subbase course and the 7-in.-thick new base course. Three
geosynthetics were used including two geogrids (GG 1 and GG 5) and one
geotextile (GT 2).

Asphalt (Top cover 1 inch )

CL
Station +175

Figure 4.11 Design profile of FM 2 before reconstruction
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Figure 4.12 Location of

Asphabt (Top cover 1 inch ) New base coarse (7 in)
Scanfbed exmsong base course (1O in)

Exiting base coarse (5 in)

Drainage
ditch

Subgrade (Blach Clay) -

c

U~nreintbrced without lime stabilization

Aspbalt (Top cover 1 inch) New base course)(? in)

Scarnted exoseng base coarse (1t in)
Get betc sintrceent.-.---.-.----~~~: Exiting bate course (b in)

- - Drainage

Subgrade (Blak Cly -

Reinforced without lime stabilization

the test sections at FM 2

Asphalt (Top cover 1 inch ) New base course)(? in)
Liesaiied exasting base course (1Q is)

Excing base course (5 is)

- ----- -Drainage

ditch
Subgrade (Black Clay)

Ci-

Unreinforced with lime stabilization

Asphabt (Top cover 1 inch ) New base coarse)(? in)
Lmsailzed emxing base course (lb in)

Exmsing base course (b in)

- ----..... Drainage

minfrcerent Sabgrade (Black Clay)

ci-

Reinforced with lime stabilization

Figure 4.13 Four repair schemes used in the FM2 project
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4.3.2.3. Performance Result

Performance of the test sections in FM 2 has been evaluated using a comprehensive
monitoring program for more than 10 years. As part of the monitoring program in
this project, a new conditions survey was conducted on FM 2 and the extents of the
longitudinal cracks were evaluated. The results obtained in this conditions survey
are presented in Figure 4.14. Geosynthetic-stabilized sections were found to
perform significantly better than the control section. While the average percentage
of longitudinal cracks were found to be below 30% in the geosynthetic-stabilized
sections, the average percentage of longitudinal cracks in the control sections
exceeded 85%. The test sections constructed with three different geosynthetic
products showed similar performance.

Control

94%
90%

86%/

67% '66%

49%

41%

*39% 3%

28 29%

13% /23% 2 2% -

N 0 0 %

N ~ ~V ~
0-

GG I

V 0 ~
0-

Test Section No.

Figure 4.14 Percentage of environmental longitudinal cracks at the FM2 test sections

4.3.3. Site 2: Farm-to-Market Road 1644 (FM 1644)

4.3.3.1. Project Description
As an extension to the FM2 experiment, additional test sections were identified and
reconstructed in 2010 in FM 1644, Robertson County, Texas. FM 1644 starts from
US 190 southwest of Calvert and extend 24 miles to Franklin. Test sections are
located approximately 4 miles east of SH 6 at Calvert that were among the areas
founded on expansive subgrades with reportedly poor performance before
reconstruction (Figure 4.15).
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Test Setos

Figure 4.15 Location of the test sections at FM 1644

4.3.3.2. Test Sections Design
A total of six test sections were designed in FM 1644 with similar schemes as those
described in FM 2 (Figure 4.16). The subbase layer in all sections was cement-
treated whereas only the middle sections were reinforced with geogrid. The geogrid
product used in FM 1644 was GG 6. A typical section of the reconstructed road in
FM 1644 is illustrated in Figure 4.17. As illustrated in this figure, the existing base
layer was scarified and reshaped over the existing subgrade. The top 8 inches of the
scarified material was cement-treated and a new 6-in, flexible base layer was
constructed. The geogrid layer was installed on top of the cement-treated subbase.

1 2 3 Sec #
CT GGG6+ CT CT Type

500 500 500 Length

500 500 500 Length

CT GG 6+ CT CT Type

4 5 6 Sec #

CT: Cement Treated

Figure 4.16 Layout of the test sections at FM 1644
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Figure 4.17 Design of the test sections at FM 1644

4.3.3.3. Performance Result
Performance of the test sections in FM 1644 has been monitored by conducting
condition surveys for more than 7 years. As part of the field monitoring program in
this project, an additional condition survey was conducted on FM 1644 and
longitudinal cracks in different test sections were characterized. Results obtained
in this condition survey are presented in Figure 4.18. It was found that the
geosynthetic-stabilized sections performed significantly better than the other
sections. Specifically, the percentage of longitudinal cracks in the geosynthetic-
stabilized sections was below 10%. However, the percentage of longitudinal cracks
in the control sections exceeded 15 and 50% for the test sections located on the east
and west of the geosynthetic-reinforced sections, respectively.

S Sections ~
Figure 4.18 Percentage of environmental longitudinal cracks at the FM1 644 test sections
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Figure 4.19 shows example pictures taken during the condition surveys conducted
on FM 1644. Comparison of the pictures presented in Figure 4.19a and b indicate
a comparatively good performance of the section stabilized with geogrid (Figure
4.19a) as compared to the control section (Figure 4.19b).

~~1~

t

~ ~ 5-
4,-

~
(b)Figure 4.19 Example pictures from test sections at FM 1644: a) Section 2 (geosynthetic-

stabilized section); b) Section 4 (control section)

4.3.4. Site 3: Farm-to-Market Road 1915 (FM 1915)

4.3.4.1. Project Description and Test Sections Design
FM 1915 is located in Milam County, Texas. Significant longitudinal cracks had
been reported in a 2.5 miles (4 km)-long section of this road extending from Little
River Relief Bridge to the west. The subgrade soil in this section has been reported
as high plasticity clay. As part of a rehabilitation plan conducted in 1996 the old
pavement was entirely removed and the recycled material from the old road was
used to build a 10 in. (0.25 m)-thick subbase stabilized using 5% lime. As presented
in Figure 4.20 and Table 4.6, the new pavement was divided into three test sections
with different design schemes aiming at evaluating the performance of geogrid-
stabilized pavements. The middle section (Section 2) was constructed as a control
section (i.e., without using geosynthetic) using an 8 in. (0.20m)-thick base layer,
whereas a biaxial geogrid (GG 1) was placed at the interface of the subgrade and
base layers in Sections 1 and 3. While Section 1 was constructed using the same
base thickness as the control section, Section 2 was constructed using a reduced
thickness of 5 in. (0.127 m) to further evaluate the impact on the performance of
the reduced base thickness.
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Table 4.6. Main features of three test sections constructed at FM 1915

Section 1 Control
section Section 2

Material used Geogrid No Geogrid Geogrid

Base course thickness, inch (in) 8 (0.20) 8 (0.20) 5 (0.127)

Extntoftes scton0.038-0.827 0.827-1.663 1.663-2.480
Extntoftes sctonmiles miles miles

Total length, ft (kin) 4150 (1.26) 4397 (1.34) 4297 (1.31)

FNl19l5 Rehabilitation Project

. I5" FlexIble FlaweGeogrld
10" Lime-xt abilized

4

Section 3

8" FlexIble Bawe

10" 1.Ime-stabIllzed
Subbase

- "Flexible Baxe

10"1 Lme-tabillzed

- -b- -

j

Section 1

-Section 2

Figure 4.20 Extensions and designs of the test sections at FM 1915

4.3.4.2. Performance Result

As part of the field monitoring program in this project, a condition survey was
conducted on FM 1915 and longitudinal cracks in different test sections were
characterized. Results obtained in this condition survey are presented in Figure
4.21. It was found that both geosynthetic-stabilized sections performed
significantly better than the control section. Specifically, the percentage of
longitudinal cracks in the geogrid-stabilized section that was constructed using the
same base thickness as the control section was very small. The percentage of
longitudinal cracks in the geogrid-stabilized section that was constructed with
reduced base thickness was found to be 10%, which was significantly lower than
the percentage of longitudinal cracks in the control sections. It should be noted that
over the past years surface rehabilitation might have been conducted on the test
sections. Therefore, the cracks characterized in the condition survey represented
comparatively wider cracks that have been reflected through the new surface.
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(GGI1)

1%

Section 1
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Thickness

10%

Section 2 Section 3

Figure 4.21 Percentage of environmental Ion gitudinal cracks at FM 1915 test sections

Example pictures from condition survey conducted at FM 1915 are presented in
Figure 4.22. Figure 4.22a presents a picture from geosynthetic-stabilized sections
(Section 1) and Figure 4.22b presents an example picture from the control section
(Section 2).

(a)

*

r1t~'~ '~

AS--

(b)

Figure 4.22 Example pictures from test sections at FM 1915: a) Section 1 (geosynthetic-
stabilized section); b) Section 2 (control section)
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4.3.5. Site 4: Farm-to-Market Road 1774 (FM 1774)

4.3.5.1. Project Description and Test Sections Design
As part of restoration of distressed roads in Grimes County, Texas, over 9 miles (14
kin) of FM 1774 extending from SH 90 to FM 2445 was reconstructed in August
2002. The old road was fully excavated and leveled and the recycled material was
used to form a 10 in. (0.25 m)-thick lime-stabilized subbase. A new 7-in. (0.18 in)-

thick flexible base was then constructed overlain by a thin course of asphalt surface
layer. Preliminary site investigation and soil testing showed presence of high
plasticity subgrade clay (PI=40) in a 3.5-mile-long extension of the road. In order
to further stabilize this section of the road, a geogrid layer was installed at the
subbase-base interface. To evaluate comparative performance of road sections
stabilized with geogrids of different properties, three test sections were constructed.
Sections 1 and 3 (0.4 and 2.1 miles in length, respectively) were constructed using
two geogrids of different properties, whereas Section 2 (0.9 mile in length) was
constructed without geosynthetic. Section 1 was constructed using GG 1 and
Section 3 was constructed using GG 4. Figure 4.23 schematically illustrates the
design of the road in the geogrid-stabilized sections.

N 4eto
- I7" Flexible Base

10" Limc-stabillzed

__j Section 2 ___bbase

-I17" Flexible Base

10" Lime-stabilized
Subbase

Section 3 \ ~ 7" Flexible Basc

+ G~ eogridliI

10" Lime-stabilIzed

FM1774 bbs

Rehabilitation Project -

Figure 4.23 Extensions and designs of the test sections in FM 1774

4.3.5.2. Performance Result
In summer 2004, longitudinal cracks were seen in a section stabilized using GG 4.
On excavating the cracked road sections of the pavement stabilized with GG 4, it
was observed that there was no longer a bond between the longitudinal and
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transverse elements of the geogrid. Longitudinal cracks and slippage at junction of
the geogrid in the section stabilized using GG 4 are as shown in Figures 4.24a and
b, respectively.
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Figure 4.24 Example pictures of the field performance of the test section stabilized using
GG 4: a) longitudinal crack on the pavement; b) slippage between Ion gitudinal and

transverse ribs at junction of geo grid

However, an evaluation of the test section stabilized using GO 1 indicated that this
section was performing well. An example picture of the performance of this section
is presented in Figure 4.25.
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Figure 4.25 Example picture of the field performance of the test section stabilized using
GG 1 at FM 1774

As an additional effort to evaluate performance of the test sections constructed at
FM 1774, performance data available in the TxDOT PMIS database was evaluated.
Specifically, condition score of the road at the location of the test sections was
evaluated. It was found that Section 1 (stabilized using GG 1) extends from TRM
number 427 to 427.5, Section 2 (Control section) extends from TRM number 428
to 428.5, and Section 3 (stabilized using GG 4) extends from TRM number 429 to
431. Figure 4.26 presents variation of the condition score of FM 1774 from TRM
= 427 to TRM= 431 from 1995 to 2014. Reconstruction of the road in 2004 led to
restoration of the condition score to 100 in 2005 for all sections. However,
evaluation of the condition score data from 2005 to 2014 indicates that Section 3
(stabilized using GG 4) continuously showed a poor performance.
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Figure 4.26 Condition score of the test sections at FM 1774 from 1995 to 2014

4.3.6. Site 5: State Highway 21 (SH 21)

4.3.6.1. Project Description
A section of SH 21 extended from US 290 to FM 2440 had severe drop off at the
edge of pavement as well as several ride issues. As part of the rehabilitation plan in
2011, a few test sections were designed from Lee County line extending to the east
(Figure 4.27). Specifically, the outer lane of the test sections was stabilized using
different types of geogrid and the shoulder width was extended.

4.3.6.2. Test Sections Design
A total of five geosynthetic stabilized test sections were constructed in SH121 using
five different types of geogrids, including three triangular (GG 7, GG 9, and GG
10) and two biaxial (GG 1 and GG 8) geogrids (Figure 4.28). Road sections before
and after reconstruction are illustrated in Figure 4.29. The existing 12-in.-thick base
course in 2011 was excavated in the outer lane and replaced by a 6-in.-thick cement-
treated subbase layer overlain by a new 6-in.-thick flex base course. The shoulder
was reshaped and widened 5 ft to provide additional lateral support for pavement
layers. The geogrid layer was installed at the interface between the subbase and the
new base layer.
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Figure 4.29 Test sections design in the SH21 reconstruction project: a) before

reconstruction; b) after reconstruction

4.3.6.3. Performance Result

As part of the field monitoring program in this project, a condition survey was

conducted on SH 21 and the extent of longitudinal cracks in different test sections

was determined. Results obtained in this condition survey are presented in Figure

4.30. The test sections stabilized using triangular geogrids (i.e., Sections 1, 4, and

5) were found to perform significantly better than the sections stabilized using

biaxial geogrids (i.e., Sections 2 and 3). While the percentage of longitudinal cracks

in Sections 1, 4 and 5, was found to be below 4%, this percentage in Sections 2 and

3 was 9 and 8%, respectively.

Among the sections stabilized using triangular geogrid, the section stabilized using

a geogrid with comparatively high rib thickness (i.e., Section 4 that was stabilized

using GG 10) was found to perform comparatively better than the other two

sections. Example pictures of the test sections at SH 21 are presented in Figure

4.31. Figure 4.31 a, b, and c present example pictures from Sections 1, 4, and 5,

respectively, which where stabilized using triangular geogrids. Figure 4.3 id

presents example picture of cracks observed in Sections 3, which was stabilized

using a biaxial geogrids.
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Figure 4.31 Example pictures from test sections at SH 21: a) Section 1; b) Section 4; c)
Section 5; d) Section 3

58



4.3.7. Site 6: Farm-to-Market Road 2924 (FM 2924)

4.3.7.1. Project Description
FM 2924 is a two-lane road in Atascosa County located about 70 miles south of
San Antonio. It is within TxDOT's San Antonio District and extends about 4.14
miles from FM 791 in the southeast direction to FM 99. It is a road primarily
traveled by heavy traffic underlain by an expansive subgrade. The performance of
the road has been reported to be particularly poor before stabilization of the
pavement by a biaxial geogrid (GG 1) (Figure 4.32). The subgrade soil was
characterized as high expansive clay.
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Figure 4.33 Layout of the test sections at FM 2924

4.3.7.3. Performance Result

As part of the field monitoring program in this project, condition surveys were
conducted to evaluate extension of longitudinal cracks in test sections at FM 2924.
In addition, vertical movement of the marked transverse sections was monitored
using total station instrument.

As shown in Figure 4.34, it was found that longitudinal cracks were extended only
along the edge of the road where the paved area ends. This area is expected to be
the location where the geosynthetic layer also ends. Since no major longitudinal
crack was observed in the paved area (i.e., in middle of the road), it can be
concluded that the presence of geosynthetic layer could transfer the location of the
cracks from the inner parts of the road to the edges. This observation is consistent
with the anticipated mechanism associated with the benefits from geosynthetic
stabilization layer in roadways.
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Figure 4.34 Example pictures of the longitudinal cracks developed at the edges of test
sections at FM 2924

Example results obtained from monitoring vertical movements of the marked
transverse sections at FM 2924 are presented in Figure 4.35. Vertical movement of
Transverse Sections 2, 4 and 6 are presented in Figures 4.35 a, b, and c,
respectively, from 2015 to 2017. Consistent with the mechanism explained for
differential vertical movements in roadways founded on expansive clay subgrades,
the edges of the road was found to move comparatively more than the center. This
resulted the differential vertical movements between the center and shoulders. In
the absence of geosynthetic layer, the differential vertical movements between the
center and edges might have led to development of longitudinal cracks in the
pavement. However, as previously discussed, the presence of geosynthetic layer
could transfer the location of cracks to outside of the paved area.
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Figure 4.35 Elevation of marked transverse sections at FM 2924 from 2015 to 2017: a)
Transverse Section 2; b) Transverse Section 4; c) Transverse Section 6
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4.3.8. Site 7: Farm-to-Market Road 1979 (FM 1979)

4.3.8.1. Project Description
FM 1979 is a two-lane road in Geronimo, Guadalupe County near Martindale, TX.
It is within TxDOT's San Antonio District and extends about 9.2 miles between TX
80 and TX 123 (Figure 4.36). It is a road primarily traveled by civilian traffic
underlain by an expansive subgrade and has a biaxial pavement stabilization layer.
Average daily traffic in 2008 was 1,700 and the predicted traffic in 2028 is 2,900.
The total number of equivalent 18k single-axle loads for a 20-year period is 691,000
for flexible pavement and 908,000 for rigid pavement with a structure number of 3.
The subgrade soil was characterized as expansive clay.

San Marcos

San Marcos

?Martindale

@1 FM1979

Figure 4.36 Location of FM 1979 relative to San Marcos and Martindale

4.3.8.2. Test Section Design
A total of eight transverse sections were marked along FM 1979 starting with
Section 1 about 1.5 miles from TX 80 and ending with Section 8 in the westbound
direction. The total length of the area of interest is about 0.26 miles (Figure 4.37).
The test sections were marked along areas where there were poor pavement
conditions and consist of Sections 2, 3, 5, and 8. Sections 1, 4, 6, and 7 are
comparatively better performed sections for the site and are located near each of
the test sections.

4.3.8.3. Performance Result

As part of the field monitoring program in this project, condition surveys were
conducted to evaluate extension of longitudinal cracks in test sections at FM 1979.
In addition, vertical movement of the marked transverse sections was monitored
using total station instruments.
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FM1979

Figure 4.37 Layout of test sections at FM 1979

Results obtained in the condition surveys are presented in Figure 4.38. Except for
Section 2, the average percentage of longitudinal cracks among other sections was
found to be approximately 20%. The percentage of longitudinal cracks in Section
2 was found to be 57%. Potential reason for unusually high percentage of
longitudinal cracks in Section 2 was explored by evaluation of the vertical
movement data recorded using total station at Transverse Section 3.
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Figure 4.38 Percentage of environmental longitudinal cracks at the FM1979 test sections

As presented in Figure 4.39a, the data recorded by total station from 2015 to 2017
shows that the left lane at this section has had comparatively large vertical
movements from the middle of the lane towards the edge. Exploration of the picture
of this section presented in Figure 4.39b indicates that the shoulder at the left side
has a steep slope. Further evaluation of this picture also reveals that road layers may
have had shear failure at this location. Therefore, a comparatively high percentage
of longitudinal cracks at this section may partially be attributed to the shear failure.
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Figure 4.39 Transverse Section 3 at FM 1979: a) variation of the elevation from 2015 to
2017 from data recorded using total station; b) picture of the transverse section

Variation of the road elevation at Transverse Section 7 is presented in Figure 4.40.
This transverse section is located close to test Section 7, which has shown the
lowest percentage of longitudinal cracks as 12%. Evaluation of the data presented
in Figure 4.40 indicates that elevation of the road edge on both sides relative to the
centerline of the road has been continually changing. This observation further
underlines the presence of differential vertical movement between the center and
edges due to subgrade swelling and shrinkage beneath the shoulders. The
differential movement might have led to development of severe environmental
longitudinal cracks on the road. However, geogrid-stabilization was found to be
effective in mitigating the development of such cracks.
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Figure 4.40 Variation of the road elevation at Transverse Section 7

4.3.9. Site 8: Cabeza Road

4.3.9.1. Project Description
Cabeza Road is located approximately 84 miles east of San Antonio close to
Nordheim, Dewitt County, Texas (Figure 4.41). Cabeza Road is a county road
(Dewitt County 324 Rd) connecting Ckodre Road (Dewitt County 352 Rd) and
Texas SH 72 with a total length of 8.93 miles. The test sections are located along a
north-south direction with a total length of 910 ft (Figure 4.42).

Cabeza Road-

Nordhcim

Figure 4.41 Location of Cabeza Rd. relative to Nordheim
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Cabeza Rd.

STest Sections

Figure 4.42 Location of test sections along Cabeza Rd.

4.3.9.2. Test Section Design
Three test sections were constructed in Cabeza Road, including a 246-ft-long
section stabilized using triangular geogrid GG 7, a 246-ft-long control section
without geosynthetic stabilization, and a 417-ft-long section stabilized using
triangular geogrids GG 9 (Figure 4.43). A gas facility is located at the north side of
the test sections that may cause comparatively higher traffic volumes at its entrance.
The section design involved an asphalt chip seal at the surface supported with 6 in.
of flexible base layer, underlain by 6 to 8 in. of cement-stabilized subbase. The
geosynthetic layer was placed at the interface of the subbase and base course
(Figure 4.44).

Gda Facility

Cabea 7 1

Figure 4.43 Layout of test sections at Cabeza Rd.
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Figure 4.44 Design of test sections at Cabeza Rd.: a) Section 1 (geosynthetic-stabilized);

b) control; c) geosynthetic-stabilized

4.3.9.3. Performance Result

As part of the field monitoring program in this project, condition surveys were
conducted to evaluate extension of longitudinal cracks in test sections at Cabeza
Rd. Results obtained in condition surveys are presented in Figure 4.45. The best
performance among the three sections was observed in test Section 3. This section
was stabilized using a triangular geogrid with comparatively larger rib thickness
than that in triangular geogrid used in test Section 1. Section 2, which was not
stabilized with geosynthetic, showed particularly poor performance. Example
pictures of longitudinal cracks observed in the control section are presented in

Figure 4.46.
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Figure 4.46 Example pictures of longitudinal cracks in control section at Cabeza Rd.

Five transverse sections were also marked along Cabeza Rd. test sections and their
vertical movements were monitored using total station. Figure 4.47 presents an
example of vertical movements observed in Transverse Section 5 located within
test Section 3 (GG 9). Consistent with the explained mechanism for differential
vertical movement of the roads founded on expansive clay subgrades, the data
presented in this figure indicates upward movement of both edges of the road
relative to the center between the two total station reading conducted in 2015 and
2016. It can be anticipated that the road had experienced a comparatively wet period

69



between the two visits, which led to the swelling of the subgrades on the edges of
the road. However, the presence of triangular geogrid GG 9 could mitigate
development of environmental longitudinal crack on the road.
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Figure 4.47 Transverse Section 5 at Cabeza Rd. located within test Section 3: a)
variation of the elevation from 2015 to 2016 from data recorded using total station; b)

picture of the transverse section

4.3.10. Site 9: Farm-to-Market Road 972 (FM 972)

4.3.10.1. Project Description
FM 972 is a two-lane road in Williamson County near Georgetown, TX. It is within
TxDOT's Austin District and became an area of interest in February 2015 based on
the existing pavement conditions, low traffic volume, and potentially expansive
subgrade. The test sections are located approximately 0.25 miles west of SH 95.
This area was found to have longitudinal cracking close to the outer wheel path
without any other major form of distress.

Soil samples were collected from subgrade soil in FM 972 and their plasticity
properties were characterized. The liquid limit of the samples was found to range
from 70 to 77, the plastic limit was found to vary from 24 to 27, and, thus, the
plasticity index (PI) was found to vary from 43 to 53. The subgrade soil in FM 972
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is classified as high to very high expansive soil. In-situ moisture content of
collected soil samples was also found to vary from 36 to 39, which indicates that
the subgrade soil was in relatively wet condition.

4.3.10.2. Test Section Design
A total of seven transverse sections were marked on the road to be monitored using
total station. The first marked transverse section (Transverse Section 1) is located
on the east side, closer to SH 95, and the last transverse section (Transverse Section
7) is located on the west end approximately 1,200 ft from Transverse Section 1
(Figure 4.48). Each section was marked by a painted white stripe with orange
circles extending every foot from the centerline to the shoulders. Table 4.7
summarizes characteristics of the transverse sections at FM 972. Four of the
transverse sections, including Sections #2, #3, #5, and #6, were selected on areas
that were in poor condition with severe longitudinal cracking or faults. The other
three transverse sections were selected on areas that were in good condition.

The transverse sections were chosen based on the presence of longitudinal cracking
and each of them have a control section nearby for comparison purposes. Sections
1, 4, and 7 were chosen as the control and Sections 2, 3, 5, and 6 were selected on
existing longitudinal cracks.

Figure 4.48 Layout of test sections at FM 972

4.3.10.3. Performance Result
Road condition at the FM972 site was surveyed over a period of 134 days in 2015.
Total station surveys were also conducted. Results are illustrated in Figure 4.49 and
Table 4.7. The profiles illustrated on the right side of the centerline represent the
eastbound of the road and the profiles on the left represent the westbound.

71



Evaluation of the data presented in Figure 4.49 indicates different vertical
movements in transverse sections with observed good condition as compared to
sections with poor condition. The transverse profiles of the east and west bounds
were found to be essentially unchanged in sections with observed good conditions
(Sections #1, #4, and #7). However, in all sections with observed poor performance
(i.e., Sections #2, #3, #5, and #6) significant vertical deflections have been
recorded. The vertical movements were found to be positive, i.e., in upward
direction, and to be more significant in the edges of the pavement. This is consistent
with the mechanism explained for vertical movement of the roads founded on
expansive clay subgrades. According to this mechanism, edges of pavements
founded on expansive subgrades tend to heave during wet season, when the
subgrade soil expands in the shoulder area, and to settle during dry season, when
the subgrade soil tend to shrink. This cycle of upward and downward vertical
movements in the edges leads to the development of longitudinal cracks in
pavements, particularly close to the edges. As illustrated in Figure 4.49, poor
condition of Sections #2, #3, #5, and #6 are attributed to the cracks observed on the
edges of the eastbound of the road (i.e., the right lane on the profiles), whereas the
westbound lanes are found to be in good condition. Vertical deflections were also
found to be significant only in the edge of the eastbound lanes. It can be envisioned
that cycles of heave and settlement that have been repeated over time have been the
main reason for development of the observed cracks. Maximum upward
movements between first and last surveys were found to be 18, 16, 9, and 20 mm,
respectively for Transverse Sections #2, #3, #5, and #6.

The differential vertical movements of the test sections were evaluated with the
initial transverse slopes and changes in the slopes summarized in Table 4.7.
Although the initial transverse slopes were different among the marked sections, all
westbound sections exhibited almost zero change in the slope. This is consistent
with the good conditions have been observed in the westbound sections. The slope
of the eastbound sections, however, has changed in the sections with the observed
poor condition. The changes were found to be negative indicating reduction in the
slope magnitude.
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Table 4.7. Summary of monitoring program and results for transverse test sections in FM 972-Segment II

Distnceto Lft Transverse Profile Characteristics

Transverse Ditneto Observed Surveys (Wet BLand) Right BLand)etinNo. Nextf(WestcBoud)e(East(Boys)Secion Section (ft) Pefrac* Pro dy) Initial Change in Initial Change in

Slope Slope Slope Slope
Section 1 200 Well 134 2% ~0% 1.6% ~0%
Section 2 440 Poor 134 0.3% ~ 0% 1.5% -0.5%
Section 3 70 Poor 134 1.5% ~0% 1.4% -0.3%
Section 4 250 Well 134 1.7% ~ %0.6% ~0

Section 5 170 Poor 134 1.1% ~0% un-cracked un-cracked
* * portion portion

Section 6 90 Poor 134 1.2% ~0% un-cracked un-craked

Section 7 -- Well 134 *0.1% ~ 0% 1.1% ~0
* Observed Performance: Good =zero or very minor cracks; Fair =slightly cracked; Poor = severely cracked.
** Left and Right lanes are referred to sides as depicted in the transverse profile sketches
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4.3.11. Site 10: Turnersville Road

4.3.11.1. Project Description
Tumnersville Road is a two-lane road in Travis County about 17 miles south of
downtown Austin. It extends from IH 35 on the west side to Williamson Road on
the east. The area of interest along this road is located about 2.5 miles from IH 35
and extends about 1.1 miles to the east. The site became of interest due to its poor
pavement condition, expansive subgrade, and low traffic volume. The road is
primarily used by lightweight vehicles.

Atterberg limit tests conducted on soil samples collected from Tumnersville Road
subgrade resulted in the liquid limit, the plastic limit, and the plasticity index (PI)
of 57, 20, and 37, respectively. Therefore, similar to subgrade soil at FM 972, the
subgrade soil at Tumnersville Road was classified as high to very high expansive
soil.

4.3.11.2. Test Section Design
Seven transverse sections were marked along Turmersville Road (Figure 4.50).
Transverse Section 1 is located on the east end of the site and Transverse Section 7
is located approximately 0.3 miles away on the west end of the site. The sections
were chosen based on pavement performance and visibility of traffic. The
transverse sections were selected from areas with good, fair, or poor performance.
Sections #3, #5, and #6 have exhibited severe cracks and faulting, whereas Sections
#2, #4, and #7 were found to be slightly cracked. Section #1 was been observed to
be in good condition.

*

i'~$ CI~c

ctj4IIP, $~

Figure 4.50 Layout of test sections at Turnersville Road
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4.3.11.3. Performance Result
Tumnersville Road condition was surveyed over a period of 134 days in 2015. Total
station surveys were also conducted. Results are illustrated in Figure 4.51 and Table
4.8. The profiles illustrated on the right side of the centerline represent the
eastbound of the road and the profiles on the left represent the westbound.

Vertical movement of the road surface was found to be different among the seven
transverse sections. Similar to the sections in good condition at FM 972, it was
found that Section #1 in Turnersville Road has exhibited very limited vertical
deflection. As illustrated in Figure 4.51, minor change was observed in the
elevation of the painted points in Section #1. The slope of both right and left lanes
did not change significantly in this section (Table 4.8). Transverse slopes in Section
#2 were also found to remain essentially unchanged.

Sections #3, #4, and #5 exhibited significant decrease in their right lane elevations.
The significantly wide crack on the road surface in Section 3 indicates that the
settlement observed in this section may be attributed to shear failure of the shoulder.
However, changes in the elevation of the road in Sections 4 and 5 can be attributed
to the shrinkage of the expansive clay subgrade. The maximum settlement was
found to be at the edges of the pavement, which is consistent with the described
mechanism for pavements constructed on expansive clay subgrades. The maximum
settlements were measured as 55, 49, and 28 mm in Sections #3, #4, and #5,
respectively. As presented in Table 4.8, as a result of the settlements, significant
increase was observed in the right lane transverse slopes. The increase was found
to be as large as 2 and 1.7% for Sections #3 and #4, respectively. It should be
noted that the wide crack on the right lane of Section #3 could potentially provide
a faster and easier access to water for pavement base and subbase layers as well as
for the expansive subgrade. This could result slope stability issues as well as
exacerbating impact from expansive clay subgrade.

In contrast with the settlements observed in other sections, left lanes in Sections 6
and 7 exhibited upward vertical movement, which indicates swelling of the
expansive clay subgrades in this area (Figure 4.51). Maximum vertical movement
was recorded as 18 and +30 mm in Sections 6 and 7, respectively, which has led
to reduction of -0.5 and -1% in the slope of the left lanes. However, the right lanes
of Sections 6 and 7 exhibited zero or negative change in the elevation, which is
consistent with the shrinkage observed in the other sections. The expansion of the
subgrade soil observed in the left lanes of Sections 6 and 7 may be attributed to the
geographical features in this area. As seen in Figure 4.51, left side of the road in
Sections 6 and 7 is bound by residential areas. A natural pond for accumulation of
rain water or other runoffs has been created in this area. The impact of this natural
pond can clearly be seen in the difference in the vegetation of the right side of the
road as compared to the left side. Accumulation of water in the pond could
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potentially provide additional access to water for the adjacent subgrade soil, which
has led to the observed swelling.
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Table 4.8. Summary of monitoring program and results for transverse test sections in Turnersville Road
Transverse Profile Characteristics

Distance to ObevdLeft Lane** Right Lane**Transverse Next P ermne Surveys Period (Days) (West Bound) (East Bound)
Section No. Section (ft) Pefrac*Initial Change Initial Change in

____________________Slope in Slope Slope Slope

Section 1 70 Good 134 2.4% ~0% 1.2% 0.2%

Section 2 190 Fair 134 5.6% -0.4% 1.7% -0.2%

2%
Section 3 650 Poor 134 3.6% -0.1% 0.2% un-cracked

______ ____portion

Section 4 170 Fair 134 3.2% 0.3% 1.2% 1.7%

Section 5 430 Poor 134 2.9% 0.2% 3.8% 0.7%

Section 6 100 Poor 134 -1.6% -0.5% 1.2% 0.2%

Section 7 -- Fair 134 -0.9% -1% 1.2% ~0%

* Observed Performance: Good =zero or very minor cracks; Fair =slightly cracked; Poor = severely cracked.
** Left and Right lanes are referred to sides as depicted in the transverse profile sketches.

78



Daan* C minDM-e:ut1L o
400 3O .20 00 0 10 000 3.CC

c0
-- 3r 1.1

0 
0013 -+3- c IL 00<92015

01- 310 3il 013 - --- 3 .o 012 0010
--- 3er11 41% 2013 -0--3o31 4 1 3201%
-- o 0 1 5;20 2013 -.--3o.0 1 5 20.2013

--- 0-- 30o 02 72 2013 +--- oc01 2 2025 -j -
DndaooofrosoCtooo, rusa.fr-onon

-4000 -3000 -2000 -1 0 i o0 90 3000

0

-I50

--- 3400(22/19/2015
- -o- -3o02 0 122015

-- +-5er24132013
-- 0-3.t202 .02015
-4-+-3ec2 7<0 2013

--- N2/19/2003
-+.-SoO 2 3 022015

-e- 24'130013
-0--Soc 2 3202013

-- +2-- Oo 02 7 '2 ' 2313

D00st frun C L Iflal DIOMOCe fr4OC L (nr.)
-4000 3000 .2000 -1000 0 1000 2000 3000 4

00 -*

.2001 .

-- 3.o03 II2013 *-+.3.02 1o 2013
0--3.023112 2015 ~-o--3o20R 3.02. 2013

ec034 1% 2013 -- 0-3.e20354 13 2013
--- W3.030 2 131 --u---Se 0332023p1'

---- 4--o-o 0 2013 -- +--3eo3 2 0213

Lt1100ofrOgnCL nocn3 DsnCC0roCL (orn-
-4f3) 3 20 20 - 1000 2 1000 2000 30

3 0 - - - - - -- - - - - - - - - --

1 so; -

-Soc 14 213-2013 -- ocM 04 2<19<2015

-- 0-- Se 01 4 23. 2013 ---- 3e 04 4 23.2013
--- 0-- %e.4 3 20223| -- 0--Sec 04 3;202013

*-+-- 3 , 4 2 2013 -+-- So. 04 222013

tisto.nerom.CLmu .o

'00 32-C. 2000 300

* -- 300 2/19/2015 - -. o- Se 053 13 2003

3- 2 034<15<2025 -- +- So 034 13 2003
-- 0--Se 0 3,5202015 -e- 3ec 033 20 2013
-- +--So 05 7 2.2013 -- +-So. 033 2 1013

100 --

2cn- fr'43 L .:n003 Dnlance frionCL ono,)
-322 -20- -000 0 2000 2000 3000 4000

o 06 0. 1..20153
--0- So 40 4< 13< 2023

--- o 06 3/20,2015
-- +-- Se 06 1.212013

o, -- 3 046 0 12 2015

--- 3o46 415/2013

-0-- 3c 6 5 23,7013

--- ~eo06 72/2005

Distance fromnCL (irn) DislanceefrcnC L (non)
-4000 -3000 -2000 -1000 0 1000 2000 3000 4000

100.

~0
0

---- Se 70/12/20153

- 0- cc 02 401302013
--- ec

7 
.22015

-- +--- Se 0 7/2/20153

--- o.070/12/2015
-- e- 0 74/13/2013

'--0- Se 0735 20/2013
-+-- S. .7 7. 2/<2005

2 0

-"'3-

Figure 4.51 Results of total station surveys and road conditions in Turnersville Road

An additional condition survey was conducted in 2017 to evaluate performance of
the test sections at Turmersville Road. Results of this condition survey are presented
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in Figure 4.52. All test sections were found to be severely cracked. The lowest
percentage of longitudinal cracks was found to be 70% and the average percentage
of longitudinal cracks was found to exceed 100%. Comparison of these numbers
with the percentage of longitudinal cracks in similar sections that were stabilized
with geosynthetics (e.g., FM 2924, FM 1979) underscores the significance of using
geosynthetic stabilization. Example pictures from cracks observed at Turmersville
Road test sections are presented in Figure 4.53.

250%

2 180%-191% 194%
167% 161%

150%-

S100%-

50%-

0%
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Figure 4.52 Percentage of environmental longitudinal cracks at Turnersville Road test
sections

Figure 4.53 Example pictures of longitudinal cracks observed at Turnersvllle Road test
sections in 2017
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4.4. Summary and Conclusions
Field performance of over 80 test sections located at 10 sites founded on expansive
clay subgrades were evaluated. Performance data was collected through three
sources, including 1) visual condition survey of the road surface, 2) total station
survey of the road transverse section, and 3) TxDOT PMIS Database. Overall, it
was found that geosynthetic stabilization significantly improved field performance
of the test sections under environmental loads result from expansive clay subgrades.
The percentage of longitudinal cracks was found to be significantly lower in test
sections stabilized using geosynthetics as compared to control (non-stabilized)
sections.

Potential benefits from geosynthetic in mitigation of damages results from
environmental loads were observed for both biaxial geogrids and triangular
geogrids. A comparatively good performance was also observed in the only test
section stabilized with a woven geotextile. For the specific geogrid products used
in the evaluated test sections in this project, field performance of the sections
stabilized using triangular geogrids were comparatively better than those stabilized
using biaxial geogrids. Furthermore, the triangular geogrids with comparatively
higher rib depths were found to enhance the road performance more than other
triangular geogrids.

One of the geosynthetic-stabilized sections was found to show particularly poor
performance. This section was stabilized using a laser-bonded biaxial geogrid with
comparatively high ultimate tensile strength and tensile modulus.

Enhancement in the field performance results from geosynthetics was found not to
be directly correlated with the geosynthetic properties characterized in-isolation
(i.e., without involvement of soil). Specifically, the unconfined tensile modulus of
geosynthetics or ultimate tensile strength was found not to be correlated with the
field performance of geosynthetic-stabilized roads.

The results obtained from total station surveys of the transverse sections of roads
founded on expansive clay subgrades showed swelling and shrinkage in the
subgrade soil are reflected at the road surface in terms of settlement and heave.
Consistent with the expectations hypothesized for this movement, it was found that
the vertical movements are comparatively higher at the edges of the roads relative
to the center.

The differential vertical movements result from successive swelling and shrinkage
of the edges of the roads was found to occur in both roadways constructed with and
without geosynthetic layer. However, while the presence of the geosynthetic layer
can mitigate initiation and propagation of longitudinal cracks resulting from the
differential movements (e.g., FM 2924, FM 1979, Cabeza Rd.-geosynthetic-
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stabilized sections), the absence of a geosynthetic layer results in the development
of severe longitudinal cracks (e.g., Tumnersville Rd., FM 972, Cabeza Rd.-control
section).
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Chapter 5. Specifications for Selection of
Geosynthetic for Base Stabilization of
Roadways Subjected to Environmental Loads

5.1. Introduction
This chapter reports on the activities conducted to refine TxDOT specifications for
selection of geosynthetics for geosynthetic-stabilized pavements. The existing
TxDOT departmental material specifications relevant to the selection of
geosynthetics for base stabilizations were first evaluated. Then, a complementary
experimental program was conducted using the final testing configurations
identified in the Chapter 3. Specifically, 15 geosynthetics were evaluated and their
ranking based on the KSGC values was determined. Findings from field monitoring
program were then reassessed to obtain evidences for field performance of the
sections stabilized using the geosynthetics tested. By comparing the field
performance and experimental data, a threshold KSGC value was established.
Geosynthetic products with a KSGC value above the threshold are expected to show
a satisfactory field performance in geosynthetic-stabilized roadways subjected to
environmental loads. Finally, recommendations were made to TxDOT to refine its
specification for selection of geosynthetics for base stabilization.

5.2._Review of the Existing Specifications
Existing TxDOT Departmental Material Specifications relevant to the selection of
geosynthetics for base stabilizations include TxDOT DMS-6240 (Geogrid for
Base/Embankment Reinforcement) and TxDOT DMS-6270 (Biaxial Geogrid for
Environmental Cracking). As identified in the title of both specifications, their
objective is to specify only geogrids. Although geotextiles have also been widely
used for base stabilization, TxDOT specifications that specify geotextiles were not
found.

On the other hand, although geosynthetic stabilization has predominantly used by
TxDOT to mitigate damages caused by environmental loads (mostly environmental
longitudinal cracks), the specifications that are often referred to for selection of
geosynthetics involves DMS-6240, which appears to be originally developed for
"base/embankment reinforcement" not "environmental cracking."

TxDOT DMS-6240 and DMS-6270 summarize the main requirements that shall be
used to specify geogrids in their "Table 1: Geogrid Requirements." These tables are
presented in Table 5.1 and 5.2 in this report. TxDOT DMS-6240 specifies two
grades of geogrids, Types 1 and 2, for different load levels. However, load levels
and expected benefits from each geogrid grade have not been specified in the
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specification. TxDOT DMS-6270 specifies a single geogrid grade. The
requirements specified by TxDOT DMS-6270 are intended to provide a basis for a
geogrid that can "intercept cracks and prevent the transmission of cracking to other
pavement layers above the grid." However, as previously explained in this report,
the actual mechanism involved in the benefits results from geosynthetics may
completely be different from that indicated by TxDOT DMS-6270.

Evaluation of the requirements by TxDOT specifications listed in Tables 5.1 and
5.2, indicates that all geosynthetic properties that are currently listed by these
specifications are determined in-isolation (i.e., without involvement of surrounding
backfill materials). For example, as presented in Table 5.1, requirements by TxDOT
DMS-6240 include index geometrical properties of aperture size, percent open area,
aperture shape, number of nodes, and rib thicknesses as well as unconfined index
properties of tensile modulus and junction efficiency. However, these properties
are not adequate for specification of soil-geosynthetic interaction in stabilized base
courses. The actual performance of geosynthetic-stabilized systems shall be
determined by accounting for the interaction between geosynthetic and surrounding
soil.

Table 5.1 Geogrid requirements in accordance with TxDOT DMS-6240

Property Type i Type 2
Aperture Size, mm (in.) 25-51 (1.0-2.0) 25-51 (1.0-2.0)
Percent Open Area, % 70 Min 70 Min
Thickness, mm (in.)

MD ribs 0.77 (0.03) Min 1.27 (0.05) Min
CMD ribs 0.64 (0.025) Mmn 1.15 (0.045) Min
Junctions 1.50 (0.06) Min 2.54 (0.10) Min

Junction Efficiency, % of rib ultimate
tensile strength

MD &CMD 90Min 90Min
Aperture Shape Square or Rectangular Square or Rectangular Equilateral Triangular
Ribs per Node 4 4 6
Tensile Modulus @ 2% elongation1,
N/in (lb./ft.)-

MD & CMD 204,260 (14,000) Min 291,000 (20,000) Min 175,080 (12,000) Mmn
1. Determined as a secant modulus without offset allowances.
Note-MD and CMD do not necessarily refer to the machine (warp) and cross machine (fill) directions in the
manufacturing process. They refer, for drawn products, to the more (CMD) or less (MD) highly drawn ribs where the
aperture dimensions are unequal.
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Table 5.2 Geogrid requirements in accordance with TxDOT DMS-6270

Property Test Method Requirements

Ultimate Tensile Strength (lb.Ift.)
MDland CMD-Tx6 85() minimum

Tensile Strength at 2% strain (lb./ft.) Tx2Ii2( iiu

MD and CMDTx-2-27mimu

Junction Strength (lb./junction)Te6Ii (mimu
MD and CMD Tx61J2 iiu

Aperture Size (in.)
Tex-621-J 0.5-2.()

Rang~e in either MD or CMD

Percent Open Area Tex-62 1-1 60%3 minimum

Resistance to Installation Damage
a. Ribs K 2 ruptured

Tex -629-ib. Junctions 5 2 displaced or ruptured
c. Retained tensile strength ratio%

*. Machine direction (Nil) and cross-machine direction (CMI)) refers to the warp (machine) and till (cross machine)
directions in the manufacturing process.

2. lDetermined as a secant modulus without offset allowance.

5.3. Experimental Program to Produce Soil-
geosynthetic Interaction Data
A complementary soil-geosynthetic interaction testing program was conducted to
produce specific data required for establishment of threshold for selection of
geosynthetics for base stabilization. This program is discussed in this section.

5.3.1. Geosynthetic Products
Fifteen geosynthetics were selected to produce data to support TxDOT design of
geosynthetic-stabilized roadways. These geosynthetics were selected from among
those products that have been used in the experimental test sections so that evidence
regarding their field performance would also be available. This allowed the results
of the testing program to be related to the findings obtained in the evaluation of the
field performance of the test sections.

Characteristics of the selected geosynthetics as compared to the material
requirements of TxDOT DMS-6240 are listed in Table 5.3. The selected
geosynthetics included three woven geotextiles, eight biaxial geogrids (including
three integrally formed and five woven or laser bonded geogrids), and four
triangular geogrids. All products have expectedly been designed by manufacturers
to be used in roadway stabilization applications to fulfill stiffening/reinforcement
functions. Therefore, it can be expected that they all can be classified in a
reasonably narrow range of physical and mechanical properties. Geotextiles may
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also be used to fulfill additional functions such as separation, filtration, and
drainage.

The geosynthetics were selected from among seven manufacturers. Similar to the
baseline geosynthetics, these products were selected from both polymer types of
polypropylene and polyester. Furthermore, they have been made by a wide range
of manufacturing processes including extrusion, weaving, and welding.

The last column of the table indicates whether evidence is available of the field
performance of test sections in which each geosynthetic was used. As many of these
products have not widely been used in roadway construction projects in Texas, the
field performance of road sections stabilized with them remains to be unexplored.
However, the results of this soil-geosynthetic interaction program can be an
indication of their expected field performance.

As a representative of a particularly weak material, specimens from Mylar sheets
that have been used on the inner sides of the box were also tested as the sixteenth
product (Figure 5.1). The Mylar sheets were used to minimize the friction between
soil and the inner sides of the box, thus, they are expected to have very weak
interaction with soil. Consequently, the KSGC value obtained in the interaction test
conducted using Mylar sheets can be assumed as an index for a possible low value
for KSGC.

Figure 5.1 Interaction test conducted using Mylar sheets as an index for a product with
particularly weak interaction properties
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Table 5.3: Characterization of the selected geosynthetic reinforcements in accordance with the requirements of DMS-6240

DMS-6240 Material Requirements for Type 1 Geogrid
Tensile Modulus Junction

Aperture Percent Thickness of Ribs, in. (mm) @2% elongation, Efficiency,
Size in., Open ultf (Nm %o iat Availability

Gesythtis mm Aea % MD Ribs CMD Ribs Junctions MD CMD tensilenc

1.0-2.0 >7% 0.03 0.025 0.06 >14 >14>9%
(25-5 1) (0.77) (0.64) (1.50) (205) (205)

GG 1 1.Oxl.3 7% 0.03 0.03 0.06 14 22.5 93
(25x33) (0.76) (0.76) (1.50) (205) (330)

0.07 0.06 20.5

GG 2 1.6x1.6x1.6 >70% (1.8) (1.5) 0.13 (300) 93% -
(40x40x40) In In (3.4) (Radial stiffness

diagonal transverse @ 0.5% strain)

GG31.Oxl.0 >7% > 0.03 > 0.03 > 0.06 26.3 28.9 100% in CD
GG3 ~ (25x25) >7% (0.77) (0.77) (1.5) (385) (422) 201% in MD

GG 4 1.73x1.73 7% > 0.03 > 0.03 > 0.06 20.5 68.5 35
(44x44) (0.77) (0.77) (1.5) (300) (500)

GG25x>7)%(365) (365)93

GG 6 0.6x0.6 >70% 17 24/
(l5xl5) (250) (350)

0.06 0.05 15.1
GG 7 1.3x1.3x1.3 >70% (1.5) (1.2) 0.12 (200) 93%/

(33x33x33) In In (3.1) (Radial stiffness
diagonal transverse @ 0.5% strain)

0.05 0.05

GG 9 1.6x1.6x1.6 >70% (1.3) (1.2) 0.13 93%/
(40x40x40) In In (3.4)

diagonal transverse
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DMS-6240 Material Requirements for Type 1 Geogrid
Tensile Modulus Junction

Aperture Percent Thickness of Ribs, in. (mm) @2% elongation, Efficiency,
Size in., Open ultf (Nm %o iat Availability

Geosynthetics (mm) Area, % MD Ribs CMD Ribs Junctions MD CMD tensilte oefr Fie
strength Pefrac

1.0-2.0 >7% 0.03 0.025 0.06 >14 >14>9%
(25-51) (0.77) (0.64) (1.50) (205) (205)

0.08 0.06

G 101.6x1.6x1.6 >7% (2.0) (1.6) 0.15 93%/
GG 10(40x40x40) >7% In In (3.8)0

diagonal transverse

GG 11 1.Oxl.3 7% 0.05 0.05 0.1 20.5 30.7 9%-
(25x33) (1.27) (1.27) (2.54) (300) (450)

GG 12 .2x26 >70%-
(32x32) (600) (600)

G 131.65x1.96 >7% 0.05 0.05 7.5 11.2593-
GG 13(42x50) >7% (1.27) (1.27) (110) (165) -

GT1 - ---- - --24 90
GT - - -- (350) (1313)

GT2 -- - -- --48 66 -
GT - - --- (700) (965)
GT3 ---- --27 90
GT - - - (395) (1313)

GG 1 =Tensar Biaxial Geogrid BX1 100; GG 2 =Tensar Triaxial Geogrid TX16O; GG 3 =Synteen SF11; GG 4 =Colbond Enkagrid
Max2O; GG 5S Tencare Mirafi BasXgrid 11; GG 6 =Huesker Fornit 20; GG 7 =Tensar Triaxial Geogrid TX13Os; GG 9 =Tensar
Triaxial Geogrid TX5; GG 10 =Tensar Triaxial Geogrid TX7; GG 11 =Tensar Biaxial Geogrid BX1200; GG 12 =Naue Secugrid
30/30; GG 13 =Tenax MS1 10; GT 1 =Tencate Mirafi RS58Oi; GT 2 = Tencate Geolon HPS7O; GT 3 =Tencate Mirafi H2Ri.
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5.3.2. Test Configurations
The test configurations used in this complementary testing program was that
selected following completion of the comprehensive testing matrix for the baseline
geosynthetics reported in Chapter 3. Specifically, as summarized in Table 5.4, the
final testing matrix involved testing geosynthetics in cross-machine direction under
a normal stress of 3 psi using A ASH TO No. 8-Truncated backfill material. All tests
were conducted using the refinements made in the testing procedure and data
analysis as detailed in Chapter 2. A minimum of six repeat tests were conducted for
each geosynthetic. Additional repeat tests were also conducted as needed following
evaluation of the test results obtained for each geosynthetic.

Table 5.4: Final testing matrix for the additional ten geosynthetics
Confining Tetn oo ubr Total

Soil Type Pressure TsigN.f Nubr NumberDirection Geosynthetics of repeats o et
AASHTO 15

No.8- 3 CD + >5 >100
Truncated 1 (Mylar sheet)

5.3.3. Sources of Uncertainty in the Test Results
Variation in the properties of the geosynthetic specimens was identified as one of
the potential sources for scatter in the test results. Specifically, the variation was
observed in physical properties of the specimens (including aperture shape and
sizes, and rib width and thickness) as well as their mechanical properties. While the
source of such variations may be limitations in controlling characteristics of the
final products in the manufacturing process, specific efforts were made to minimize
the effect of such variations on the soil-geosynthetic interaction test results. These
efforts are summarized in the following subsections.

5.3.3.1. Documentation of Geosynthetic Lot and Roll Numbers
The manufacturer lot and roll numbers of the geosynthetic rolls received at the
University of Texas laboratory for testing were carefully documented. Accordingly,
the lot and roll numbers correspond to the specimen used in every test was also
documented. This documentation was found necessary as part of the scatter
observed among the results of repeat tests conducted using the same geosynthetic
product was due to the variation of the specimens cut from different geosynthetic
rolls.
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5.3.3.2. Inspection of Geosynthetic Rolls
Every geosynthetic roll was also carefully inspected before cutting the specimens.
Specimens were cut from sections of geosynthetic rolls that are homogenously
manufactured.

5.3.3.3. Template Specimens
In order to further minimize uncertainties arise from variations within a
geosynthetic roll, template specimens were cut from homogenous sections of all
rolls. Geosynthetic specimen used in each test was then matched with the template
specimen and was discarded if they did not match. When necessary, the thickness
of the ribs of the testing specimens was also measured and compared to the template
specimens.

Locations of tell-tale attachments were also marked on the template specimens. The
markings allowed all operators to attach tell-tales to the same locations and
minimized scatter in the results that may arise from measuring displacements at
different locations.

5.3.3.4. Additional Characterization of Testing Specimens
In cases that the properties of the geosynthetic specimens were found to deviate
from the specifications provided by the manufacturers, additional characterizations
were conducted to determine specifications of the specific specimens tested. In
particular, tensile properties in the unconfined portions of the specimens were
characterized in such specimens. Furthermore, when available, the manufacturer
quality control report for the specific geosynthetic lot was also requested and the
property values reported by the manufacturer were compared to those obtained in
the characterization program.

5.3.4. Data Reduction Protocol
As an additional effort to identify outliers and improve the quality of the produced
data, a protocol was used to reduce the data. The protocol involved two procedure
as follows: selection of KSC in a single test and trimming outliers among repeat
tests.

5.3.4.1. Selection of KSGC in a Single Test
As previously discussed, a total of five telltales (Telltales 1 to 5) were attached to
the confined portion of each geosynthetic specimen to measure displacement.
However, to minimize potential effect on the results of the boundary conditions,
the data recorded at the telltales closest to the front and the back of the specimens

90



(Telltales 1 and 5) were not used to estimate KSGC. The data recorded by these two
telltales were used only for quality control of the tests.

Three KSGC values (i.e., KSGC-2, KSGC-3, KSGC-4) were estimated using the data
recorded at the location of the three middle telltales (Telltales 2, 3, and 4).
Theoretically, the three values should be identical or reasonably close. However, in
comparatively less-stiff products that cannot effectively develop soil-geosynthetic
interaction along their entire length, the front portion of the geosynthetic may
excessively elongate while the back portion does not displace. In such cases, an
unusually high difference between the three KSGC may be observed. To account for
the weak interaction of such products, the following protocol was adopted in the
data reduction process:

If the highest value among the three KSGCs was larger than twice the lowest value,
the lowest KSGC value was used.

Otherwise, KSC was estimated at the center of the unconfined portion of the
geosynthetic according to the procedure detailed in data analysis.

5.3.4.2. Trimming Outliers among Repeat Tests
A mild outlier elimination procedure was adopted to eliminate outliers among the
multiple repeat tests conducted using the same test configurations. According to
this procedure:

If more than 10 repeat tests were conducted, tests that their ultimate pullout load or
KSGC values were out of the "Average 1.5 xStandard Deviation" window were
eliminated.

If between 5 and 10 repeat tests were conducted, a test was eliminated if its ultimate
pullout load deviates more than 20% from the average or if its KSGC value deviates
more than 50% from the average.

5.4. Establishment of Threshold Value for KSGC

In this section, results from the complementary experimental program using the
fifteen identified geosynthetics were evaluated along with the field performance of
the test sections stabilized with each geosynthetic. Then limits of acceptable KSGC
values were established.

5.4.1. Comparison of KSGC Values
The KSGC values obtained for the geogrid products are summarized in Figure 5.2.
On the horizontal axis, geogrids are sorted from those with the highest KSGC to those
with the lowest KSGC. The vertical axis represents the KSGC values. Overall,
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triangular geogrids showed comparatively larger KSGC values than the biaxial
geogrids. The highest KSGC was found to be 32.7 for triangular geogrid GG 10,
which has the largest rib thickness among the triangular geogrids. The triangular
geogrids with the second and third largest rib thickness (i.e., GG 2 and GG 9) were
found to have larger KSC value than the triangular geogrid with the lowest rib
thickness (GG 7). The KSGC values for these products

The KSGC values for the biaxial geogrids were found to range from 17.2 for the
integrally formed polypropylene geogrid GG 11 to 9.6 for two geogrids including
GG 13 (an extruded polypropylene geogrid) and GG 4 (a laser-bonded
polypropylene geogrid).

The plot presented in Figure 5.2 also shows the KSGC value found for Mylar sheet
as 4.7. This value is potentially one of the lowest possible values that can be
obtained for the stiffness of soil-geosynthetic composite in this testing
configuration. As the last item listed on the horizontal axis, the plot schematically
shows KSGC = 0 for the case that no geosynthetic was used.

It should be noted that the KSC values presented herein were determined using the
specimens obtained from the specific rolls that were received from the
manufacturers. The presented KSGC value shall not be considered as a suggestion
for manufacturers' specifications or for design. The KSGC value shall be determined
based on the tests conducted on project-specific geosynthetic lots and rolls.

3532.7

30

25 24.0 23.9
0 cj

20 -18.8
0 17.2 16.9

0 o 15.8 4.
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~10-
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0 . ,C -

Figure 5.2 The KSGC values obtained for the identified geosynthetics using test
configurations recommended for TxDOT specifications
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5.4.2. Qualitative Evaluation of Field Performance
As listed in Table 5.3, evidence of field performance was available for eight out of
the fifteen geosynthetics tested in the soil-geosynthetic interaction testing program.
These geosynthetics include: GG 1, GG 4, GG 7, GG 9, GG 10, GT 2, GG 5, and
GG 6. Field performance of the test sections constructed using each of these eight
geosynthetics was discussed in details in Chapter 4. In this section, the data
presented in Chapter 4 was reassessed to establish qualitative ranking of the field
performance among the eight products.

From evaluation of the field performance of the test sections constructed at SH 21,
it can be concluded that field performance of GG 10 was considerably better than
both GG 9 and GG 7. Furthermore, all triangular geogrids used in this road was
found to perform better the biaxial geogrid GG 1. Therefore, comparative field
performance of the geosynthetics used in SH 21 can be qualitatively sorted as
below:

GG 10 (best performance) > GG 9 = GG 7 > GG 1

From evaluation of the field performance of the test sections constructed at Cabeza
Road, it can be concluded that the field performance of GG 9 was better than both
GG 7:

GG 9 (better performance) > GG 7

From evaluation of the field performance of the test sections constructed at FM 2,
it can be concluded that GG 1, GG 5, and GT 2 equally performed well:

GG 1=GG5=GT2

From evaluation of the field performance of the test sections constructed at FM
1774, it can be concluded that GG 4 performed particularly poor as compared to
GG 1:

GG 1 >>GG 4

Comparison of the field performance of the test section constructed at FM 1644
using GG 6 to the field performance of the test sections constructed at FM 2,
indicates that GG 6 performed slightly better than the test sections at FM 2:

GG 6> GG 1

In addition to the observed performance of the experimental test sections, geogrid
GG 13 was also known to result in particularly poor performance in the field.
Manufacturer of this product does not recommend that it is used as a single layer
(as tested in this project). Instead, the manufacturer bundles two or more layers of
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this product to be used for base stabilization. Therefore, geosynthetic GG 13 can
also classify as a poorly performed product in the field.

5.4.3. Recommended Threshold Value for KSGC

Comparisons made above between the field performance of the test sections
constructed using each of the eight geosynthetics are summarized in Table 5.5 using
a qualitative description of the field performances ranging from "Poor" to
"Excellent." The KSCG values obtained for each geosynthetic is also listed in this
table.

Table 5.5 Qualitative field performance of geosynthetics as compared to their KSGC

value

Qualitative Field Performance

Goodlet GoodentGood Good Good Poor Poor

K0G 32. 23. 08. 05. 04. 0 03. 0. 0.

KSad 32.7G 23.9 bl 1 8.8 56 1. - 1. . .

Evalubration thsdt pesente win Tae x.stindiesa grasoinal agreement
between tG1 hec s vale ofe geonheicsdTp qalitating peormance os-e24e,
wfro thei peomae in gstheiAssied abethCrsh value foftei inreses,

improvs. Secinfially, poromeprmna rga n field performancewaobevdfrgsyttisht

mThitobsraioner is cnten pithe eximestin or graeinet TxOT TDMST
-6240. 1Thic iesmnatospovddi theisein egidTp crinar ton xnO DMeSform0,

asdifound to bhe teirstgosntfhticn classfed oe heuthdrehold vbaued ofrKSm

moniitoing weredued t parovtide prjecmmTenations faor r e ommeDts

or recommended corrections on other aspects of the specifications.
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As presented next, two alternative refinement scenarios are recommended. First
alternative involves maintaining two geogrid grades Types 1 and 2, and the second
alternative involves adding a new geogrid grade (Type 3) to the specifications. The
threshold KSGC value for each geogrid grade is presented.

5.5.1. Alternative 1 - Two Geog rid Grades: Types 1 and 2
The information used to support this alternative is summarized in Figure 5.3. The
KSGC values of all geosynthetics are presented along with the qualitative field
performance of the test section constructed using the geosynthetics. The threshold
value of KSGCc> 10 set the criterion for acceptance of a geogrid to be used for base
stabilization. As comparatively better field performance was observed for
geosynthetics that have KSGC values above 15, it is recommended that the threshold
value between geogrid grades 1 and 2 (Types 1 and 2) be set as 15. As illustrated
in Figure 5.3, this specification is consistent with the baseline Types I and II
geogrids according to the existing TxDOT specification.

Expected/Observed Fiecid Performance

Excellent Very Good Good Poor

FM2 iFM2

SH2I Cabe Rd Hz Rd FM1644 FM2 FM11 9 FM1774 FM1644

II FM2924 Cea d

35
0 32.7
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Type II

E 25 24.0 23.9 (According to existing DMS-6240)
(AccodingTypie Tie

IN(Acrdn to ex sting DMS-6240)

-20-1.

Z 0 16.9
17.20 0 15.6'1.

(e 15 0 0 1.

Pass 3.7 oType I
10 ------ ----- ---- -- -13-- ---.-- --- --7a. --- --0- --.

5

A

4.7
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Figure 5.3 Alternative 1 - Adopting two geo grid grades in the refined TxDCT DMS-6240
specification

The refinements in the TxDOT DMS-6240 that are consistent with this alternative
are presented in Figure 5.4. A revised version of the specifications consistent with
this alternative was also submitted as a separate document (5-4829-03-P 1-v. 1).
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Table
Geo grid Requirements ________________

Property Test Method Type I Type 2
Aperture Size, mm (in.) Tex-621-J 25-51 (1.0-2.0) 25-51 (1.0--2.0)
Percent Open Area, % Tex-621-J 70 Min 70 Min
Thickness, mm (in.)

MD ribs Tex-621.J 0.77 (0.03) Min 1.27 (0.05) Min
CMD ribs 0.64 (0.025) Min 1.15 (0.045) Min
Junctions 1.50 (0.06) Min 2.54 (0.10) Min

Junction Efficiency, % of rib ultimate
tensile strength Tex-621-J

MD &CMD 90Min 90Mn
Stiffness of soil-geosynthetic
composite (KsGC) 2, (kN/m) 2/mm Tex-lxx-E

CMD 10Mn 15Min

Aperture Shape - Square or Rectangular Rectan ular TEanular

Ribs per Node - 4 4 6
Tensile Modulus @ 2% elongation1, 204,260 291,000 175,080 (12,000)
N/in (lb./ft.)M Tex-621-J (14,000) Min (20,000) Min Min

1. Determined as a secant modulus without offset allowances.
2. Determined using washed and dried aggregates with rounded particles that retain between %A" (6.35 mm) sieve and Sieve

No.4 (4.75 mm). A dry density of 102.5 pcf and a normal stress of 3 psi shall be used. A minimum of 6 repeat tests shall be
conducted.

Note-MD and CMD do not necessarily refer to the machine (warp) and cross machine (fill) directions in the manufacturing
process. They refer, for drawn products, to the more (CMD) or less (MD) highly drawn ribs where the aperture dimensions are
unequal

Figure 5.4 Refinement in TxDOT DMS-6240 specification according to Alternative 1

5.5.2. Alternative 2 - Three Geogrid Grades: Types 1, 2, and
3

In addition to the refinements recommended in Alternative 1, in Alternative 2, a
third geogrid grade (Type 3) is recommended to be added to TxDOT DMS-6240.
Rationale for adding this new grade is explained in Figure 5.5. As the three
triangular geogrids with KSGC values above 20 were found to perform considerably
better than the other geosynthetics, it is recommended to define a third geogrid
grade with the threshold KSGC value of 20. It should be noted that the thickness of
the ribs and the junctions in these three triangular geogrids are comparatively higher
than the other triangular geogrid specified as Type 2. Therefore, the minimum
thickness of the ribs and junctions of these three triangular geogrids are
recommended to be used as the threshold thickness values for geogrid Type 3.
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Expected/Observed Field Performance
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Figure 5.5 Alternative 2 - Adopting three geo grid grades in the refined TxDOT DMS-6240
specifications

The refinements in the TxDOT DMS-6240 that are consistent with this alternative
are presented in Figure 5.6. A revised version of the specifications consistent with
this alternative was also submitted as a separate document (5-4829-03-P1-v.2).
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Table I
Geogrid Requirements _____________

Property Test Type I Type 2 Type 3
Method_________ __

Aperture Size, mm (in.) Tex-621-J 25-51 (1.0--2.0) 25-51 (1.0-2.0) 25-51 (1.0-2.0)
Percent Open Area, % Tex-621-J 70 Min 70 Min 70 Min
Thickness, mm (in.)

MD ribs Tex-621-J 0.77 (0.03) Min 1.27 (0.05) Min 1.4 (0.055) Min
CMD ribs 0.64 (0.025) Min 1.15 (0.045) Min 1.4 (0.055) Min
Junctions 1.50 (0.06) Min 2.54 (0.10) Min 3.5 (0.14) Mmn

Junction Efficiency, % of rib
ultimate tensile strength Tex-621-J

MD &CMD 90 Mi 90Min 90Mn
Stiffness of soil-geosynthetic
composite (Kscc) 2, (kN/m) 2Imm Tex-lxx-E

CMD 10 Mmn 15Mmn 20 Min
AprueSae- Square or Square or Equilateral Square or Equilateral
AperureShae - Rectangular Rectangular Thiangular Rectangular Triangular

Ribs per Node - 4 4 6 4 6
Tensile Modulus @ 2% 204,260 291,000 175,080 291,000 175,080

MDo &to CM m(I f. Tx61J 14,000) Min (20,000) Mmn (12,000) Min (20,000) Min (12,000) Min

Determined as a secn mouu inu rstalowances.
2. Determined using washed and dried aggregates with rounded particles that retain between %"' (6.35 mm) sieve and Sieve No.4

(4.75 mm). A dry density of 102.5 pcf and a normal stress of 3 psi shall be used. A minimum of 6 repeat tests shall be
conducted.

Note-MD and CMD do not necessarily refer to the machine (warp) and cross machine (fill) directions in the manufacturing process.
They refer, for drawn products, to the more (CMD) or less (MD) highly drawn ribs where the aperture dimensions are unequal.

Figure 5.6 Refinement in TxDOT DMS-6240 specification according to Alternative 2
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Chapter 6. Conclusions

A comprehensive soil-geosynthetic interaction test program was conducted to
identify the most relevant test configurations to be used for TxDOT specifications
for geosynthetic-stabilized roadways. The final testing matrix involved testing
geosynthetics in cross-machine direction under a normal stress of 3 psi using
AASHTO No. 8-Truncated backfill material. Using the identified test
configurations, a complementary testing program was conducted using 15
geosynthetics to produce data to support refinement of TxDOT specifications for
geosynthetic-stabilized roadways. The geosynthetics were characterized and sorted
on the basis of their KSGC values.

Field performance of over 80 test sections located at 10 sites founded on expansive
clay subgrades were also evaluated. Performance data was collected through three
sources, including 1) visual condition survey of the road surface, 2) total station
survey of the road transverse section, and 3) TxDOT PMIS Database. Overall, it
was found that geosynthetic stabilization significantly improved field performance
of the test sections under environmental loads resulting from expansive clay
subgrades. The percentage of longitudinal cracks was found to be significantly
lower in test sections stabilized using geosynthetics as compared to control (non-
stabilized) sections.

Results from the experimental program using the 15 identified geosynthetics were
evaluated along with the field performance of the test sections stabilized using each
geosynthetic. The limit of acceptable KSGC value was then established as KSGC> 10.

Findings from experimental and field performance monitoring of this project were
then used to provide TxDOT with recommendations for refinement of TxDOT
DMS-6240. Two alternative refinement scenarios were recommended. The first
alternative involved maintaining two geogrid grades (Types 1 and 2), and the
second alternative involved adding a new geogrid grade (Type 3) to the existing
specifications. The threshold KSGC value for geogrid grades 1, 2, and 3 (Types 1, 2,
and 3) were established as >10, >15, and >20, respectively.
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