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User’s Manual

SpectraPave™ Software - Version 4.7

Software for Subgrade Stabilization, Pavement Foundation Improvement, and
Pavement Optimization Using Tensar TriAx® Geogrids

Overview

SpectraPave design software was developed by Tensar International Corporation, Inc. (TIC)
for the analysis and design of unpaved and paved pavements, allowing for the consideration
of a broad range of conditions. Besides, the design of temporary stone-surfaced haul and
access roads, as well as permanent hard-surfaced highways and parking lots, can be
investigated for various conditions using this software.

SpectraPave contains design modules for Subgrade Stabilization, Pavement Foundation
Improvement and Pavement Optimization, along with a separate module for the input of user-
and project-specific information. An overview of the software, its intended application and the
operation of each module are outlined within this manual. Further details on the theoretical
background of the software are available in the following sections.

Project Information Module

The Project Information module allows the user to input user- and project-specific information
for individualized calculations. It is divided into Project name, Designer name and date. It can
be activated at any time from the main menu (project info button) or, prior to printing designs
and specifications, the user will be automatically prompted to enter the information. The users’
company logo can be saved for future runs.

Subgrade Stabilization Module

The Subgrade Stabilization module is primarily intended for the design of both unpaved roads
and working platforms atop underlying weak soils. It is also used in the design of lower sections
of permanent roads, particularly where soft subgrades prevail, to assess constructability. The
Subgrade Stabilization module consists of Design and Cost Analysis sub-modules.

Design Analysis Sub-Module

The Design Analysis sub-module for Subgrade Stabilization facilitates the design of unbound
aggregate layers using the state-of-the-art Giroud-Han method (Giroud and Han, 2004a, b).
The method determines the minimum aggregate thickness required to support wheel loads on
the surface and prevent bearing failure and/or excessive deformation of the subgrade. It can
be used to construct conventional unstabilized unpaved surfaces and those stabilized with TIC
TriAx geogrids.

Cost Analysis Sub-Module

The Cost Analysis sub-module allows the user to investigate the benefits of different Subgrade
Stabilization solutions utilizing TIC TriAx geogrids.
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Pavement Foundation Improvement Module

The Pavement Foundation Improvement module is intended for the design of mechanically
Stabilized Pavement Foundation layer for both flexible and rigid pavement. The benefit of using
Tensar TriAx Geogrids to stabilize pavement foundation can be evaluated in terms of resulting
resilient modulus of the stabilized foundation.

Pavement Optimization Module

The Pavement Optimization module is intended for the design of flexible pavements in
accordance with AASHTO’s Guide for Design of Pavement Structures and its Standard R50-
09: “Recommended Practice for Geosynthetic Reinforcement of the Aggregate Base Course
of Flexible Pavement Structures” (2010). The benefit of using Tensar TriAx Geogrids to
stabilize unbound aggregate layers within flexible pavements is considered by incremental
layer coefficients and extending pavement life and/or reducing aggregate base thickness.
Further, the benefit can be evaluated in terms of cost savings, fuel saving, Dump Truck trip
reduction, water savings and more.
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Subgrade Stabilization Analysis

Theoretical Background

In Subgrade Stabilization where the subgrade is unable to adequately support traffic loads,
geosynthetic reinforcement can be placed at the aggregate and subgrade interface to improve
pavement performance by decreasing the load distributed on the subgrade. As a result, an
equivalent stabilized road section thickness yields an increased allowable traffic load as
compared to the unstabilized road section. The use of geogrid reinforcement allows a reduction
in the aggregate layer thickness when compared to an unstabilized unpaved road. In some
cases, the reinforcement is included in the pavement to permit the use of an inferior quality fill
material (recycled fill, material containing excess fines, etc.) without a loss in performance.

Geogrids and geotextiles are geosynthetic materials that have been used successfully to
improve the performance and increase the design life of unpaved roads and trafficked areas
since the 1970s. Non-woven geotextiles have been efficient in applications that require the
separation of aggregate layers from the underlying subgrade soil. Geogrids and woven
geotextiles have been used as reinforcement tools to increase the resistance of road sections
to traffic loading (Giroud and Noiray 1981). In laboratory and field studies, geogrids have
consistently demonstrated superior performance. This performance is attributed to the efficient
transfer mechanism of tensile stresses, because of the mechanical interlock between the
geogrid and aggregate materials (Giroud et al. 1985; Fannin and Sigurdsson 1996).

For unpaved structures reinforced with geotextiles, Giroud and Noiray (1981) developed a
design method using limited field data. Since it did not take into account the mechanism of
interlocking aggregate particles within the geogrid apertures, it was not suitable for unpaved
structures reinforced with geogrids. Later, Giroud et al. (1985) developed a design method for
geogrid-reinforced unpaved structures with the aid of numerical elastic analyses. However, no
field test data was available for verification at that time. Older methods such as the ‘US Forest
Service Method’ (Steward et al. 1977), and adaptations thereafter, (see Tensar 1998) have
also been used successfully in the past. These methods do not directly quantify the anticipated
rut depth, difference in performance for various types of geosynthetics or changes in pavement
performance for traffic loadings exceeding 1000 passes. In addition, the method prescribed by
Steward et al. (1977), and subsequent methods based on the same general approach, involve
the use of very high-quality aggregate (i.e. CBR not less than 80% after compaction). Achieving
such a high CBR value over very soft soils is extremely difficult to achieve in the field.

Recent field and laboratory test data (Fannin and Sigurdsson 1996; Knapton and Austin 1996;
Webster 2000; Gabr 2001) provided a basis for the development of the Giroud-Han method
(Giroud and Han 2004) - a more rational design method for geogrid-stabilized unpaved
structures. It enables the user to quantify key design parameters, specify lower quality fill
material and consequently, the approach is more practical and provides the user with
maximum flexibility in designing unpaved structures.

The Giroud-Han Method

The Giroud-Han (G-H) method (Giroud and Han 2004), utilized in SpectraPave, represents the
next generation of the Subgrade Stabilization design methods. It supersedes previously
developed methods by Giroud and Noiray (1981) and Giroud et al. (1985) for roads reinforced
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with geosynthetics. It was developed for geogrid-stabilized unpaved roads, but with
appropriate values for relevant parameters, it can be used for the design of geosynthetic-
reinforced or unreinforced unpaved roads.

A unique feature of the G-H method is its ability to take into account the effects of mechanical
interlock of aggregate particles within geogrid apertures. A better understanding of the
interaction between the geogrid and the aggregate layer material was gained through several
significant research projects including some studies where geogrids were used for the
reinforcement of paved roads (Webster 1992; Collin et al. 1996; Perkins 1999). These studies
show significant differences in the performance of geosynthetics that have unique properties.
For instance, the aperture stability modulus of Tensar Biaxial geogrids, in particular, has been
shown to provide a good correlation with measured field performance (Webster 1992; Collin
et al. 1996). The aperture stability modulus is measured using a test developed by Dr. Thomas
A. Kinney for the U.S. Army Corps of Engineers Waterways Experiment Station (WES) on
behalf of the U.S. Department of Transportation — Federal Aviation Administration (FAA). It is
important to note that for valid use and to ensure reliable results; the Giroud-Han method
requires proper calibration for each specific type of geogrid under consideration.

The Giroud-Han method (Giroud and Han 2004) is based on bearing capacity theory calibrated
through direct reference to field and laboratory test data, arriving at a rational design method
that predicts the performance of unpaved roads more accurately. Due to the relationship
between the aperture stability modulus and the documented performance of geogrid-reinforced
pavements described above, the method includes the aperture stability modulus as one of its
design parameters. Compared to other methods, it also considers the quality of aggregate
material, variation of the stress distribution angle with the number of load cycles and influence
of the maximum allowable rut depth (Giroud and Han 2004).

Limitations of the Giroud-Han Method

In theory, the Giroud-Han method is applicable for all geosynthetics in Subgrade Stabilization.
However, it is important to note that the method has been rigorously validated for use with
geotextiles and Tensar Biaxial (BX) Geogrids, within the limitations noted by the authors. More
recently additional testing has been performed to validate and calibrate the G-H model with
Tensar TriAx (TX) geogrids. No such validation exists for other geogrids whose properties or
characteristics differ from those manufactured by TIC (e.g. multi-layer geogrids, welded strip
geogrids, woven geogrids, etc.). With the growing use of the method and the increasing
number of geogrid materials available, it is important to recognize the limitations of the
application of the G-H method for products that have not been calibrated. To date, it is the
understanding of Tensar International Corporation, that the method has been calibrated only
for the Tensar Type 1 and Type 2 biaxial geogrids using the aperture stability modulus as the
characteristic property of the geogrids. More recently, calibrations have been performed for
Tensar’s new TriAx series of geogrids. Any additional calibrations of the G-H model must be
specific to a given product or to different grades of geogrids within the same family of products
from the same manufacturer and of the same manufacturing type (i.e. same polymer, process
and equipment) that was actually calibrated to the G-H model.

TriAx Geogrid Technology

Geogrid usage has evolved steadily since the technology was first introduced in the early
1980s. Tensar biaxial geogrids have gained widespread acceptance in the Americas over the
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last 25 years primarily as a solution to problems associated with pavements, haul roads and
working surfaces constructed on soft or problematic subgrades. By examining all the design
characteristics of the biaxial geogrids, through independent testing and research, the TIC
product development team identified the key product parameters that affect its performance.
These include the profile of the rib section, rib thickness, junction efficiency, aperture size and
in-plane stiffness. The development effort yielded a revolutionary change from a rectangular
to a triangular grid aperture. This fundamental change to the grid structure, coupled with an
increase in rib thickness and junction efficiency, gives significantly improved aggregate
confinement and interaction, leading to the improved structural performance of the
mechanically stabilized layer. The new TriAx Geogrid outperforms the biaxial geogrid for the
following reasons:

Load Distribution

» Vehicle load distribution is 3-dimensional and conical and therefore acts radially
throughout the aggregate.

» [For a stabilized layer to be effective, it must have the ability to distribute load through
360 degrees within the plane of the geosynthetic. To ensure optimum performance, the
geogrid reinforcement in a Mechanically Stabilized Layer (MSL) should have a high
radial stiffness throughout the full 360 degrees.

Junction Integrity

= TriAx evolves from an extruded sheet of polypropylene. The unique TriAx structure is
the result of punching an array of holes and stretching the sheet to its final geometry.
This punched and drawn process, originally developed by Tensar, coupled with the
design of the junctions, results in a product with high junction strength and stiffness.

Junction Efficiency

= Rigorous testing has been conducted in line with each of the three rib directions. In
each direction tested, the junction strength was found to be essentially equal to the rib
strength - giving junction efficiency greater than 90%.

Multi-Directional Properties

= As the name implies, biaxial geogrids have tensile stiffness predominantly in two
directions. TriAx geogrids exhibit three principal directions of stiffness, which is further
enhanced by their rigid triangular geometry. This produces a significantly different
structure than any other geogrid available on the market today and provides high
strength 360-degree stiffness. A truly multi-axial product with near isotropic properties
and proven multi-directional performance.

Proving the importance of rib profile
= TriAx geogrids have greater rib depth compared with conventional biaxial geogrids.

= Trafficking tests and analytical modeling techniques were undertaken to compare
performance advantages between the two forms of geogrid with various rib depths. The
results were conclusive in confirming that a much-improved structural performance of
a mechanically stabilized layer was achieved with the TriAx geogrid and its deeper rib
depth. In addition, numerical modeling techniques have been utilized to confirm the
importance of geogrid rib thickness on aggregate confinement and load dissipation.
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Design of Subgrade Stabilization with SpectraPave Software

Two unpaved design options are analyzed in SpectraPave by default for a given set of traffic
and soil conditions - an unstabilized pavement and Tensar TriAx geogrid-stabilized section.
Analysis based on the Giroud-Han method is undertaken by selecting the ‘Results’ tab in the
Subgrade Stabilization module.

Traffic and soil condition data are required for the analysis of the default options of, an
unstabilized and stabilized road section with various Geosynthetics including Tensar TriAx
Geogrids (Figure 1). Help is available in the ‘Data Input’ window by way of pop-up messages
that appear beneath the pavement cross-section when the cursor moves over the edit box or
text associated with a particular design parameter. Additional assistance is also available for
estimation of the field subgrade CBR by clicking the icon next to Design Subgrade. When the
information icon is selected, the help is shown in a chart displayed within a separate window.

“Z SpectraPave™ - [Untitled.sp] - o X
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Figure 1: Subgrade Stabilization Analysis - Data Input Screen in SpectraPave Software

Mechanical Compatibility

When stabilizing aggregate layers, the FHWA (2008) recommends that the aperture size of
the geogrid should be more than or equal to the average (Dso) particle size of the fill material
placed in contact with the geogrid. SpectraPave takes this into consideration within the Data
Input Screen, which is shown in Figure 1. The aggregate fill window is depicted as Figure 2.
Within this window, the user is required to select grain size information regarding the aggregate
placed on the geogrid. Once particle size is entered the software automatically selects a
geogrid matching the Dsy criteria.
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Figure 2: Aggregate Fill Particle Size Input Screen

Design Results

By selecting the ‘Results’ tab in the Subgrade Stabilization module, the aggregate thicknesses
required for each of the pavement sections included in the analysis, along with the thickness
savings relative to the unstabilized section, are calculated and presented in a table format
within the ‘Results’ window (Figure 3). A graphic representation of the relation between the
field subgrade CBR and required aggregate fill thickness for each design option is also
provided for reference. Further analysis of the potential savings can be initiated by exporting
the thickness data into the Cost Analysis sub-module using the button to the right of the table.
Full details of this option are presented in the next section.
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SpectraPave™ Software for Subgrade Stabilization and Pavemant Optimization, Version 4.7, February, 2019
. © 1998 - 2019, Tensar International Corporation, 1-800-TENSAR-1, www.tensarcorp.com
®

| Subgrade Stabilization Design Analysis Units US Standard Asphalt Pavement | TWH Edition 20180112

Figure 3: Subgrade Stabilization Analysis - Results Screen in SpectraPave Software

Subgrade Separation

As depicted within Figure 4 the user can also determine if a subgrade separation layer (filter)
is required beneath the geogrid. The design of this layer is provided within the button on the
right side of the Subgrade Stabilization Result window, which is shown in Figure 4. The filter
analysis window is depicted as Figure 5. Within this window, the user is required to enter grain
size information regarding the aggregate above and subgrade soils below the geogrid. Once
entered the user must select the “Update Calculation” button to obtain results as to whether a
geotextile is required in the design. Once updated the user needs to select the type of subgrade
Copyright © Tensar International Corporation 2009-2019 SpectraPave User’s Manual
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(Clayey or Silty) within the Natural Filter Criteria box at the bottom of the screen. If a green
check mark appears next to the subgrade type selected then a geotextile is not required for
the design. If a red “X” is displayed the user either needs to input a different aggregate layer
gradation (Natural filter design approach) or select the box the “Add Filter Fabric” to the design.
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Figure 4: Subgrade Separation Module Analysis Screen
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Figure 5: Geotextile Data Input Screen

Zi|

If a geotextile is required the user needs to determine material costs and add those values to
the geotextile data input screen, which is shown in Figure 5 so that this information can be
added to the project cost as discussed in the Subgrade Stabilization Cost Analysis section of
the manual.

Subgrade Stabilization Cost Analysis

The Cost Analysis feature in SpectraPave is available for use with the Subgrade Stabilization

design (Figure 6). The Cost Analysis application can be accessed by selecting the Cost

Analysis button on the ‘Results’ page in the Subgrade Stabilization module. The cost analysis
Copyright © Tensar International Corporation 2009-2019 SpectraPave User’s Manual

12



input reflects the design results, by default. The existing thickness data for the unstabilized and
Tensar TriAx geogrid-stabilized pavement sections are automatically transferred into the Cost
Analysis Data Input window.

“4 SpectraPave™ - [Untitled.sp] - a x

File Design Options Help

| i | = @ =
SaveFle | Projectifo | PrnierSetp  Report Caloulator
|__] TENSAR Subgrade Stabilization - Data Input | | Results | Subgrade Separation PO 0000, °
. °
[} SPECTRAPAVE o’ Click H Cond b
R N B N hic lere to Conduct
&3 Subgrade Stabilization L Aggregate Fill Thickness (in) Aggregate Fill Thickness Savingsg Sl .
Calculated Recommended (in) %) L] Cost Analysis. ° °
. .-.J.Degs‘g."A“a'zﬁ‘: Unstobilized 208 21 NIA NiA °
. 5 ¢
o o ] CostAnalysis o® Tensar® TG 83 9 12 57 .
°
8 Pa®f® RinSaion Improvement [Tensare 7 42 [} 15 71 Subgrade Separation

—— Unstabilizes
— Tensar®TXE

— Tensar® TXT

: - - - " Design Subgrade CBR (%) O“tlon 2
Option 1: o Cost Analysis can be
Subgrade Stabilization Cost chosen after a Subgrade
Analysis can be selected directly Stabilization design has

‘ . ’ SpactraPave™ Softwars fo
from the ‘Main Menu IR heen Comp|eted

Subgrade Stabiization Design Analysis Units US Standard Asphalt Pavement  |TWH Editon 20190112

Figure 6: Subgrade Stabilization - Cost Analysis Options in SpectraPave Software

Cost Analysis Data Input

A series of panels for data entry in the Cost Analysis ‘Data Input’ window are briefly described
below (Figure 7).

Project Size

The aggregate and geosynthetic quantities cost analysis is based on the overall project size
defined by the length and width of the pavement being constructed.

Aggreqgate Fill Thickness

The ‘Aggregate Fill Thickness’ information is transferred automatically when the user selects
the Cost Analysis button on the ‘Results’ page in the Subgrade Stabilization module. The user
can change this thickness at any time, but then the cost analysis may not correspond to the
Subgrade Stabilization design results. The user is cautioned against using a value lower than
the design value transferred from the design section.

TriAx Geogrid Cost

Tensar TriAx geogrids cost varies on a regional basis depending on the quantities involved
and other factors. For an accurate price estimate, it is recommended that the user contact their
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local Tensar geogrid supplier or Tensar representative. For information on Tensar geogrids
and Tensar authorized distributors, please call 1-800-TENSAR-1.
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Figure 7: Subgrade Stabilization Cost Analysis - Data Input Screen in SpectraPave
Software

In addition to the supply cost of the Tensar TriAx geogrids, the user is required to specify an
installation cost. ‘Required Minimum Overlap’ is required to make an estimate of the material
guantities. Tensar TriAx Geogrid is produced in 13.1 ft (4 m) wide rolls.

No allowance for general site wastage is made in the SpectraPave material quantities estimate.

Top Surface Restraint

The position of the finished surface relative to the existing ground level affects the economy of
a particular pavement section. Depending on the local topography, it may be necessary to
undercut the existing soils or import and place additional fill to achieve the required finished
surface. Thus, the user is asked to specify the position of the finished surface relative to the
current ground level. Edit boxes are available for the user to enter the cost of these two
potential requirements and this is taken into consideration in the final Cost Analysis.
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Cost Analysis Results

The Cost Analysis results for all pavement options under consideration can be accessed by
selecting the ‘Results’ tab (Figure 8). The total in-place costs for each design option are
presented for different items in table format. For comparative purposes, the overall project
savings are expressed in dollars and percent savings as compared to the unstabilized option.
Note that by deselecting round results the costs are represented in dollars and cents.
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Figure 8: Subgrade Stabilization Cost Analysis - Results Screen in SpectraPave

Subgrade Stabilization Cost Analysis
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Pavement Foundation Improvement Analysis

Theoretical Background

Tensar TriAx geogrid can improve the performance of the pavement foundation by mechanical
stabilization of the overlying aggregate. The stabilized foundation serves as a new subgrade
for overlying pavements. The resilient modulus of the MSL foundation can be determined
based on the findings from large-scale cyclic plate loading tests and field automatic plate load
tests. The resilient modulus of the stabilized foundation depends on the type of TriAx geogrid,
thickness and quality of the granular material and the stress level applied to the MSL.

Design of Pavement Foundation Improvement Layer with SpectraPave Software

In the Pavement Foundation Improvement module, for a given set of design parameters,
SpectraPave determines the resilient modulus of TriAx stabilized foundations. Design
pavement section thickness and untreated soil condition data are required for the analysis
(Figure 9). Help is available for estimation of the field subgrade CBR by clicking the icon next
to Design Subgrade. When the information icon is selected, the help is shown in a chart
displayed within a separate window.

Pavement Foundation Improvement Data Input
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Figure 9: Pavement Foundation Improvement layer design - Data Input Screen in
SpectraPave Software
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Pavement Section

The user selects the appropriate surfacing layer detail and thickness information along with
aggregate layer thickness information. Once this information is entered the software
automatically calculates the stress level on the stabilized foundation based on the unit weight
of overlying materials.

Stabilized Materials

Within the data input tab, the user is required to select the appropriate stabilized material grain
size information. Once the particle size is entered, the software automatically selects a geogrid
matching the Dsg criteria.

Cost Analysis

The following information is required to determine the total project cost. Descriptions of
information listed below are found in this manual.

Project size

Stabilized material cost
TriAx Geogrid Cost
Top surface restraint

Design Results

By selecting the ‘Results’ tab in the Pavement Foundation Improvement module, the required
aggregate thicknesses for the pavement foundation, along with the resilient modulus of the
new pavement foundation, are calculated and presented in a table format within the ‘Results’
window (Figure 10).
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Figure 10: Pavement Foundation Improvement Layer Design - Results Screen in
SpectraPave Software
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Pavement Optimization Analysis

Theoretical Background

The Pavement Optimization module facilitates analysis and design of flexible pavements in
accordance with the AASHTO Guide for Design of Pavement Structures (1993). The AASHTO
(1993) method is empirically based and models a flexible pavement as a series of layers which
have a combined structural capacity to carry a certain number of traffic loads (ESAL’s) with
pre-determined minimum levels of serviceability and statistical confidence.

Traditionally, geosynthetic reinforcement of pavements has concentrated more on projects
involving unpaved roads. However, the rising cost of aggregates and increasing environmental
pressure have caused government agencies and road builders worldwide to focus their
attention on using similar techniques for permanent, surfaced pavements. To illustrate the level
of acceptance within the pavement engineering community for this type of technology, the
United States currently has a majority of State Departments of Transportation with published
specifications for the use of geogrid reinforcement in roads.

Geosynthetics improve the performance of the pavement and are often placed within the
aggregate base layer and/or at the aggregate base-subgrade interface. For a given base
thickness and allowable surface rut depth, the traffic carrying capacity can be increased
through the use of geogrids, compared to a similar pavement with the same thickness of
unreinforced aggregate base. Additionally, with a given base layer thickness and trafficking,
rutting is significantly less for the reinforced pavement. Another alternative involves a reduction
in the quantity of base material used in construction of the pavement, to the extent that for the
same trafficking, the performance of a thicker unreinforced pavement and a thinner
geosynthetic-reinforced pavement are the same.

Geosynthetic Materials Used for Paved Applications

Evaluation of the effects associated with the use of geosynthetics in paved applications is
based on pavement trials undertaken in both small-scale laboratories and full-scale field-
testing. An extensive list of research projects is reported by Perkins and Ismeik (1997) and the
GMA White Paper Il (2000). The available research suggests that the two main types of
geosynthetic reinforcement, geogrids and geotextiles, perform differently due to a different set
of inherent properties that become mobilized under vehicular traffic. A brief overview of the
improvement mechanisms for geogrids and geotextiles is presented below.

Geogrid reinforcement provides an improvement to roadways through four primary
mechanisms:

o Interlock - Geogrid interlocks with aggregate at its subgrade interface and prevents
lateral movement of the aggregate

¢ Reinforcement — Inclusion of a geogrid delivers tensile strength to the pavement, with a
high modulus in the tensioned zone of the aggregate base course.

e Confinement - Geogrids provide a uniform confinement plane below the aggregate and
limits the amount of rutting and upheaval of the subgrade into the aggregate base
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e Separation — Geogrids prevent the aggregate base course from punching downward into
the subgrade, thus maintaining a consistent aggregate thickness

In addition, geogrid reinforcement provides the following benefits:

o Filtration — Water draining from the separated subgrade and confined aggregate will not
transport fines if the aggregate meets soil filter gradation requirements for the subgrade

¢ Tensioned Membrane Support — Mobilizes at very low strains if a thin aggregate section
is used and deep rutting of subgrade occurs.

The improvement mechanisms of a geotextile are:

e Separation — A geotextile prevents subgrade and aggregate base course materials from
mixing, thus maintaining effective aggregate thickness (primary mechanism);

o Filtration — A geotextile prevents subgrade water, draining to the aggregate base, from
transporting fines provided that the aggregate meets soil filter gradation requirements

¢ Reinforcement Due to Tension Membrane Support — A geotextile may provide support
through a deflected membrane if deep ruts develop in the subgrade

¢ Drainage — A non-woven geotextile provides lateral in-plane drainage

The overview of the improvement mechanisms shows that geotextiles do not employ the same
reinforcement mechanisms as geogrids, and their application in Flexible pavements is not
recommended (unless separation and filtration are the primary functional requirements for the
geosynthetic). The ‘mechanical interlock’ is vital for the performance of any geosynthetic in
stabilized pavements. It is a typical property of geogrids, occurring when properly sized well
graded granular fill is compacted on top of a geogrid, letting the coarser particles partially strike
through the geogrid apertures, achieving confinement of the aggregate base layer.

The mechanical interlock and resulting lateral restraint of the base course aggregate explain
the superior performance provided by the Tensar TriAx Geogrids compared to geotextiles and
other geogrids. TIC’s patented manufacturing process produces a distinctive grid structure that
consists of high strength junctions and stiff ribs which present a thick, high profile and squared
leading edge to the aggregate, resulting in a positive ‘mechanical interlock’. Tensar's TriAx
Geogrids perform exceptionally well within pavement structures.

Traffic Improvement Factor (TIF) Concept in the Pavement Optimization Module

The ratio of the number of load cycles causing a preset surface rut depth in a geosynthetic-
reinforced pavement to the number of load cycles required to cause the same surface
deformation in an unreinforced section is termed the Traffic Improvement Factor (TIF) and/or
traffic benefit ratio (TBR). The potential benefit of geogrid reinforcement is manufacturer and
product specific. As such, the engineer of record should ensure that field and full-scale
laboratory studies are available, like those described in Perkins and Ismeik (1997) and the
GMA White Paper Il (2000), in order to justify the TIF value used for the particular geosynthetic
considered in the analysis.
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Layer Coefficient Concept in the Pavement Optimization Module

The Layer Coefficient is an index used to represent the material properties in the AASHTO
Guide for Design of Pavement Structures (1993). The layer coefficient contributes to the
calculation of the Structural Number (SN) of a pavement, which in turn is used within a
performance equation to predict the traffic life of the pavement.

In a recent study at the University of lllinois - Urbana Champagne, the Tensar Geogrid was
reported to increase the residual or confining stress within the overlying aggregate layer. This
increase in the confining stress can be reflected in the AASHTO Guide for Design of Pavement
Structures (1993) by increasing the layer coefficients.

Current pavement design methods, including the standard practice authored by the American
Association of State Highway and Transportation Officials (AASHTO) R 50-09, offer a
convenient method for designing geogrid-reinforced pavements. Improvement to the pavement
systems provided by geogrid reinforcement is frequently quantified by traffic improvement
factors (TIFs), traffic benefit ratios (TBRs), and base course reduction (BCR) based on direct
comparisons of the performance of reinforced sections with identical unreinforced sections.
However, they are limited and do not fully account for the reinforcement benefit for the full
range of design conditions.

Extensive research and testing have been undertaken by independent researchers to
determine appropriate TIF values for Tensar Geogrids. Recent research efforts at the
University of lllinois and Itasca Consulting Group, Inc. contribute to the profession's
understanding of how and why geogrids improve performance in flexible pavements. The
governing reinforcement mechanism is identified as the geogrid aggregate interlock that
causes local stiffness enhancement on both sides of the geogrid during compaction and traffic
loading. Because of increased contact forces and stresses around the geogrid, the stiffness of
the adjacent unbound aggregate increases significantly and improves overall pavement
performance. These investigations demonstrated that confinement effects must be considered
in designing with Tensar geogrids in flexible pavements (Kwon et al. 2008; Kwon and
Tutumluer 2009).

The design approach employed in SpectraPave Software uses enhanced layer coefficients to
account for initial confinement benefits of geogrids as well as retained stiffness, along with
damage reduction or enhanced overall pavement performance. General trends relating
geogrid benefits observed from previous studies indicate that the confinement effect to
pavement performance increases with decreasing subgrade strength and is sensitive to
pavement layer thickness.

Alternate Geogrid materials should not be considered as valid for acceptance based
upon the design output generated through use of the SpectraPave paved applications
module.

The FAA (1994) and AASHTO (2003), along with other agencies, recognize the importance of
appropriate performance documentation. Caution on the part of the designer is warranted for
road design applications. Research results to date demonstrate that one geogrid family cannot
simply be substituted for another based on index property equivalence alone.
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Optimization of Pavement with SpectraPave Software

In the Pavement Optimization module, for a given set of design parameters, SpectraPave will
predict the allowable trafficking (ESAL’s) for an unstabilized pavement using the AASHTO
(1993) method. The equivalent stabilized structure is developed by inserting Tensar’s TriAx
Geogrid into the pavement section and then the overlying layer coefficients are increased and
the pavement life is calculated.

Pavement Optimization Module Input Data (Thin, Standard and Thick AC Pavement)

Input data for Pavement Optimization design can be entered by using a series of text boxes,
drop-down lists and control buttons in the ‘Data Input’ window shown in Figure 11. The user
can select one of three options. These include the thin pavement design module (2" — 3",
Standard AC design module (3" — 6”), and thick AC (6” — 14”). Within each module, the user
can adjust section thicknesses both on the input and results tabs. Observing pavement
performance is similar to looking at a fingerprint for a pavement type in that each pavement
type has a unique set of performance curves. In addition, the change in riding quality will be
directly related to how well traffic loading is transferred to the road subgrade. It is important to
acknowledge this because the design performance models serve to predict the service life of
pavements based on expected performance. By applying a single traffic benefit ratio (TBR)
value to pavement performance prediction for a variety of asphalt thicknesses the designer
would be assuming that the geogrid is providing the same level of benefit in each case. Lastly,
thin asphalt pavements are designed on a regional basis by engineers familiar with locally
available materials and climatic conditions that permit the use of such a design section.
Engineers not familiar with thin asphalt design should select the Standard Pavement AC design
module. With these facts in mind, a series of panels for data entry is available in the ‘Data
Input’ window, some are briefly described below.
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Figure 11: Pavement Optimization Input Screen
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Number of Layers in the Pavement Structure

The following seven different types of pavement layers can be selected for developing a
pavement structure on top of an existing subgrade material:

= surface layer (ACC1)

= asphalt intermediate layer (ACC2)

= asphalt base layer (ACC3)

= base course (ABC)

= sub-base course (SBC)

= chemical stabilized base course (CSL)
= mechanically stabilized layer (MSL)

The user can alter the selection of layers for the analysis, from a minimum of two to a
maximum of five layers, using the check boxes adjacent to each layer in the ‘Data Input’
window.

4 Layer Coefficient Correlations for CSL - ] X

Table A. Correlations between structural layer coefficient a; and various strength and
stiffness parameters for cement-treated granular bases (AASHTO, 1993).

Unconfined Compressive Strength
(psi)
7 day break
1000 0.250 1,000,000 0.265
800 3 900,000 0.240
600 ] 800,000 0.215
400 ] 700,000 0.190
200 k 600,000 0.150
500,000 0.115

Structural . " Structural
Coefficient Elastic Modulus (psi) Coefficient

MNOTE: Soil properties values are approximate and estimated based on the scale for Structural Coefficient, a,, from the
original figure included in the FHWA 05-037, May 2006, NHI Course No. 132040, Geotechnical Aspects of Pavements
Reference Manual/Participant Workbook

Table B. Correlations between structural layer coefficient a; and various strength and
stiffness parameters for lime-treated granular sub-bases (FHWA-IP-80-2, 1980).

Structural

Lime Treated Subbase Coefficient

Lime-treated clay-gravel 0.14
Lime-treated soil 0.11

NOTE: NCHRP synthesis of Highway Practice. Issue No. 37 Lime-Fly Ash-Stabilized Bases and Sub-bases (1976)

Figure 12: Chemically Stabilized Base Course Layer Coefficients

Pavement Structure Layer Properties

The layers of the specified pavement structure are characterized by:

= Layer Name/Material Type
= Elastic Modulus

= Layer Thickness

= Layer Coefficient

» Drainage Factor
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The user can alter the default values by using a series of edit boxes, drop-down lists and pop-
up help messages in the ‘Data Input’ window.

The relationship in the 1993 AASHTO Guide between the structural layer coefficient and 7-day
unconfined compressive strength or elastic modulus is available for use with the Chemically
Stabilized Layer (CSL). After selection of the CSL from the drop-down lists in the Input Screen,
the layer coefficient correlation for CSL is displayed within the paved road module (Figure 12).

If the modulus of the subgrade drops below 5,000 psi (CBR < 3), then the software will warn
you to check the constructability of the subbase or base course and recommend performing a
Subgrade Stabilization analysis.

If the layer thickness of the base course on top of the Tensar TriAx geogrid is less than 6
inches, then the software will advise you that the minimum recommended lift on top of the
geogrid should be 6 inches or more.

The software is only applicable for cases where the combined thickness of the asphalt course
does not exceed 14 inches.

Design Traffic

The SpectraPave design section user input for should be input only after the planned service
life of the road under consideration is calculated. This value will be used to check whether the
predicted life exceeds (represented with a green box) or does not meet (represented with a
pink box) the design traffic specified by the pavement designer (Figure 13).

Pavement Optimization Module Results
After the design inputs are specified, the results for an unstabilized pavement and a pavement

stabilized with a Tensar TriAx Geogrid can be viewed by selecting the ‘Results’ tab. The results
are presented in a table in the ‘Results’ window (Figure 13).

Pavement Optimization Design Analysis - Data Input [ Results

Thickness (in) Thickness (in)

ACC1 ACC1
Unstabilized Pavement AcC1 [200 = Accz Stabilized Pavement Acct [z00 =
Laye: D a mi SN TN ACC3E Laye: D a SN o3 g et g et
et || ! acc2[300 3 S A Y st Lo Lol [ acc2 200 o ASEAPH St
acct | 200 | 0200 | wa | 0.400 | [ acct | 200 | 0200 0.400 Wi
acc2 [ 300 | 0420 | na | 1260 AcC3fa00 = ABC accz | 200 | o0.420 accs [eo0 = e
accs | 400 | 0420 | wa | 1680 28c [200 = Acc3 | 400 | 0420 | na | 1680 st [600 = :
asc | 800 | 0140 | 10 | 1120 mst | 600 | 0265 | 10 | 1.5% sBC.
sec [10.00 = SBC s
sec |1000| ooso | 10 | 0800 1000 ssC [ sec |1000] oos0 | 10 | 0800 100
Overal Structural Number (SN) | 5260 | Overat Structural Number (SN) | 5310
Calculated Traffic, ESALs | 5,976,000 B | Calculsted Traffic, ESALs | 6,419,000

Figure 13: Pavement Optimization Results Screen

In Figure 13, the input parameters used to determine the overall Structural Number for both
the unstabilized and TriAx Geogrid stabilized pavement sections. The calculated Structural
Number is used in the main AASHTO equation to determine the allowable number of ESAL.
For the stabilized pavement, the layer coefficients are automatically modified to reflect the
confinement stress benefit of the geogrid and the Structural Number is then calculated. The
calculated life (ESALSs) for each unstabilized and stabilized pavement section are displayed in
the boxes below the section diagrams. In all cases for the stabilized and unstabilized pavement
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sections, the overall Structural Number method per AASHTO (1993) is considered the basis
for design.

A series of control buttons are available adjacent to the pavement cross-sections in the
‘Results’ window. These buttons allow the user to modify the thickness of the various layers
and view the calculated traffic (ESALS).
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11) Scale derived from correlations from ingis.

(21 Scale derived from correlations obtained from The Asphalt Institute, California, New
Mexico and Wyoming.

131 Scale derived from correlations obtained from Texas,
{4)  Scale derived on NCHAP project ¢3),

Figure 14 - Relationship Between CBR and Granular Subbase Strength

Design of Pavements on Soft Soil Subgrades

The design of a paved road over a soft subgrade is a two-step process. Based on Tensar
International’s experience, stabilization of the subgrade is required for soils exhibiting a
resilient modulus of less than or equal to 5,000 psi (CBR of approximately 3). For these field
conditions, the stabilization layer should be designed using the Giroud-Han method as
incorporated within the subgrade stabilization module of the SpectraPave software. For
stabilization of soft solil, the designer needs to consider axle load, tire pressure and the required
maximum rut depth associated with placement of the aggregate stabilization layer. Site-
specific soil strength conditions as a function of CBR as developed by AASHTO (1993) is
presented in Figure 14. As indicated in Figure 14, a resilient modulus of 12,800 psi can be
achieved when placed on a firm foundation. Field evidence for Tensar TriAx geogrid indicates
that placement of the mechanically stabilized layer (MSL) over soft soil results in a
recommendation to use resilient modulus of ranges from 9,000 psi to 15,000 psi at the top of
the MSL. This value serves as the resilient modulus of subgrade for new pavement which is
then used to undertake a conventional paved road design.
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Pavement Optimization Design Analysis - Data Input | Results

Select Material Lavers Used in Unstabilized Paverment Section

Layer Name Material Description Thickness (in) Laver Coeff Drainage Factor Target Traffic (ESALs 100,000
|ACC1 j |A5phalt Wearing Course | 4.00 ::I | 0420 Relizbility (% 95 =
None jv Standard Mormal Deviate -1645
None

- Standard Deviation 049

|ABC j |Aggregate Base Course | 8.00 ZI | 0.140 1.0
o Subarade Resilient Modulus (psi) 3000

one w
Serviceability Initial m
M MSL Particle Size, D50<=22mm
Terminal 20
Select Material Lavers Used in Stabilized Pavement Section

Laver Name Material Description Thickness (in) LaverCoeff. Drainage Factor Trifx Geogrid

|ACC1 j |A5phalt Wearing Course | 3.00 :3' | 0420

Soft Subgrade [
Nane [¥ Stabilization Analysis..
None

|IVISL j |Mechan|ca|ly Stabilized Base Course | 6.00 =1 | 0140 | 1.0 |TX5 j = With Subgrade (~ Without Subgrade
[None ] * Stabilization Stabilization

¥ MSL Particle Size, D50<=22mm Geogrid Overlap for Base Course (fi) 1.0 Recommended |

2| Soft Subgrade Stabilization — [m| X
Subgrade Stabilization Geogrid Existing Subgrade
= Tri  Tri . .
9 TR iz Resilient Modulus (psi) 3000

R ded | an
Geogrid Overlapift) 23 ECOMIMET Subgrade CBR. % 20
Stabilized Subgrade

Aggregate Thickness (inch) |8 Correlation:
Resilient Modulus (psi) 3000

& Mr (psi) = 1500 CBR

0.54
" Mr (psi) = 2555 CBR

Default | Continue |

Figure 15: Design of Paved Roads Over Soft Soils

After completion of stabilization design, the paved road base course stabilization design can
be performed using the AASHTO ’93 design procedure with incorporation of an “improved”
subgrade modulus that is deemed acceptable to the pavement design engineer. Again, based
on TIC’s experience this value would range from 9,000 psi to 15,000 psi for the conditions
described above and the default values found within the subgrade stabilization module of the
SpectraPave software. Keep in mind that base course stabilization will require a second layer
of geogrid. As such, within SpectraPave software, the unstabilized paved module case
represents use of one layer at the subgrade interface and the stabilized paved module design
case represents one geogrid layer at the subgrade interface and one geogrid layer beneath
the base course layer. To enforce this analysis approach, the user is asked if they want to
design using this approach when they enter a subgrade resilient modulus value less than 5,000
psi. After selection of the yes button, Figure 15 is displayed within the paved road module.
Within the new input section of the screen the user can select a stabilization geogrid, see the
computed CBR based on two commonly used conversion equations and adjust the resilient
modulus at the top of the stabilization MSL. Note that the enhanced modulus value depends
on the stress level and type of geogrid used for stabilization. Using the default values found in
the subgrade stabilization module the software uses the CBR from the existing subgrade to
determine aggregate thickness requirements. This value is displayed for the MSL. The user
can generate a “subgrade stabilization” specification to see the unbound aggregate
requirements or run the subgrade stabilization module with their site CBR value (leaving all
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other default values the same). As depicted in Figure 16, the analysis compares the
unstabilized pavement section (consisting of a stabilized subgrade) with the stabilized
pavement section consisting of a stabilized subgrade. Figure 16 shows a layer of TX5 in the
unstabilized pavement section which is used for stabilizing the subgrade. Similarly, two layers
of TX5 are shown for the stabilized pavement. The upper TX5 is used for stabilizing the
aggregate base and the lower TX is used for stabilizing the subgrade.

P. (o] Design Analysis - Data Input | | Results
Unstabilized Pavement Thickness (in) ACC1 Stabilized Pavement Thickness (in) ACC1
(With Stabilized Subgrade) acct [a00 = _ (With Stabilized Subgrade) acct 30 = -

Layer | O | a | m | SN sec 530 = ; Loyer | OF | o | m | sh mst1[500 =5 wstt
Acct | 400 | 0420 | wa | 1880 N acct | 300 | 0420 | wa | 1.260
ABC | 800 | 0140 | 10 | 1.120 mst g MSL1 | 600 | 0267 | 10 | 1602 MSL2|800 SR R
Overall Structural Number (SN) 2.800 Overal Structural Number (SN) 2862
Calculated Traffic, ESALs | 291,000 Calculated Traffic, ESALs | 336,000 A2

™5

Figure 16: Analysis for Pavement Section with Subgrade Stabilization MSL

Benefits of Pavement Optimization

As the Pavement Optimization module allows users to design stabilized pavements with an
extended pavement life and/or a reduced aggregate base course thickness, the Tensar TriAx
geogrids have direct benefits in saving construction cost and/or enhancing pavement
performance. Based on our experiences, the benefits are not only limited to cost and
performance. The other benefits of using stabilized pavements include the reduction in Dump
Truck trips for construction, reduction in water to build unbound aggregate layers, reduction in
construction time and more. Figure 17 provides an overview of the benefits using Tensar TriAx
geogrids. The following sub-sections discuss those benefits.

“4 SpectraPave™ - [Untitied.sp] P
File DesignOptons  Help

» B m 5 @ H B N £
Report

SaveFle | FProject o | Pirter Setup

(L) TENSAR Pavement Optimaason Design Analysis - Data input
(=] {2 SPECTRAPAVE
=} 424 Subgrade Stabilization

2 Design Analysis

() Costanalysis

() Pavement Foundason Improvement

£33 Pavement Optimization

4] (L] BIAXIAL GEOGRID MODULE

o
Ed# Project Information
Initial Construction Cost ($) — ™ Dump Truck Trips 2 Water Required (gallons) — " Life Cycle Cost($) "
607,669 1552 14259 1,369,862
<) 526,487 Reduced = 1294 'y 122222 Reduced 8 e
- e initial -y Improved 0 water
construction capacity of requirement B Reducediite
cost by roads by by cycle costby
Bas 2385438 20,370 2198%
Cars Gallons
Unstabilzed _Stabiized Unstabilzed _ Stabized Unstabiized _ Stabiized Unstabized _ Stabikzed
Construction Time (days) — ™ Fuel Required (gallons) —7” Costof Traffic Delay (§) — " Non- nted
7 1831 5274331
Carbon £
O 60 ED 1530 o 4.4075% gn: % o
® =) P Enriched Naise Pollution
Pavement Reduced - local E::;E oaliond Business
built fuel by economy by - Public Inconvenience and Nussance
2 301 $866.135
Days faster Gallons
Unstabilzed _ Stabilzed | Unstabilzed _ Stabized | Unstabiized _ Stabiized

Pavesert Optmizstin Deagn Arskyss s US Sardard Asphat Pavemert  TWH Edtiony 2010112

Figure 17: An Overview of Benefits
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Initial Construction Cost

The initial construction cost analysis module compares the construction costs for unstabilized
and stabilized pavements. The total initial construction cost is related to material, labor,
equipment and other costs. SpectraPave has a provision to consider “material cost” and/or
“labor and equipment cost”.

The material cost depends on the thickness of pavement layers, surface area of pavement,
type of TriAx geogrid, material unit cost and other factors. Users can modify these inputs by
clicking “Edit Project Information” (see Figure 18). Users are advised to use the appropriate
cost for Tensar TriAx Geogrid based on the rate provided by the distribution. If the geogrid cost
is not available, please call Tensar International Corporation at 1-800-TENSAR-1 for getting
information about a local stocking distributor for relevant unit price estimates.

T
8
S

E
| Geometry & Material Costs | Material Transportation & Placement Rates | Trafic Delay Inputs | Life Cycle Inputs | Labor & Equipment Cost Inputs
Pavement Optimization Design Analysis - Data Irf
Project Information
Unstabilized Pavement H Length 5280 ft Miling or Undercut required (Fixed top grade)  Finished grade 0 G [above | exisinggrade
Layer | DI al m | sn Width 25 ft  No undereut or Milling (Free top grade)
acct | aoo | oazo | nis | 1680
ABC | 800 | 0440 | 10 | 1.120 Material Costs (US Dollars)
ssc | 600 | 0080 | 10 | 0430 . - - "
Ovoral Structural Number GN) 3280 1 Material Unstabilized Stabilized Density
Calcma(sﬂTramc‘ESAle 211,000 Asphalt - Layer 1 70.00  ($iton) 70.00 ($iton) 1480 (pcf)
Asphalt - Layer 2 70.00 ($ton) 70.00 (§fton) 1480 (pcf)
= _— - Asphalt - Layer 3 7000 (Siton) 7000 (Siton) 1480 (pcf)
i form Base Material 2000 (Siton) 20.00 (S/ton) 135.0 (pcf)
-
— " Subbase Material 16.00 (Siton) 16.00 (§iton) 1350 (pcf)
Initial Construction Cost ($)-
607,669 1 Stabilized subgrade 16.00  ($iton) 16.00  ($/ton) 1350
g 526,487 Reducelﬁ Excavation 5.00 (sicY) 5.00 (siCY) 125.0 (pcf)
0 initial Additional Fill 1600 (s/cY) 1600 (scY)
constructi [ 2%
TX8 - Geogrid Installed Price 0.00 ($/SY)

18B4% 1
TXT7 - Geogrid Installed Price 000 (s1SY) Geogrid Roll Width 131 (ft)

I costb TX5 - Geogrid Installed Price 225 (gisv) Click Here to Get Geogrid Price |

L Stabilized

Construction Time (days)
72

1
@ 60 1
© '
Pavemeg
built

12

Days fas
1

Defaulls Close.

Figure 18: Geometry and Material Cost Inputs

Stabilized

The labor and equipment costs vary depending upon the site condition, construction method
and contractor. User-specific labor and equipment cost can be assigned to different pavement
layers (see Figure 19). The default data for the labor and equipment cost is adopted from
National Construction Estimator Book, 65™ edition (Pray 2017). Users can disregard using
labor and equipment cost by checking “Do not consider variable labor and equipment costs
when calculating initial construction cost” (see Figure 19).

The top surface constraints allow the user to also consider the cost implications of various cut
or fill scenarios on the overall application cost. The top grade needs to be defined as either
fixed or free, and the associated costs need to be entered to accurately determine the influence
on the overall costs. The conditions of top surface constraints can be changed from “Edit
Project information”>"Geometry & Material Costs™> “Project Information” (See Figure 18).
Figure 20 describes different cases of the top surface constraints.
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Edit Project Information
Geometry & Material Costs | Material Transportation & Placement Rates | Traffic Delay Inputs | Life Cycle Inputs ‘ Labor & Equipment Cost Inputs |

™ Do not consider variable labor and equipment costs when calculating initial construction cost

~Asphalt (ACC1), $ISY ~Base (ABC), §/SY
Thickness (in} Labor Equipment Thickness (in) Labor Equipment
[10 [1.25 [109 10 fo36 Jo27
[15 [1.60 [1.56 Ja0 Jo.89 J0.66
[2.0 [1.74 [169 [6.0 [147 [1.09
[3.0 [2.23 o7 [s.0 [1.74 [1.29
[100 [187 [139
120 Jo14 [1.59
 Asphalt (ACC2), $ISY.
Thickness (in} Labor Equipment
|1_u |1_25 |1_ug [ SubBase (SBC). $/SY
[5 [80 [1s6 Thickness (in) Labor Equipment
[20 [174 169
10 Jo.36 Jo.27
[30 [223 [247
J40 Jo.s9 Jo.66
l6.0 [147 [1.08
[ Asphalt (ACC3), $/SY. l80 [174 [129
Thickness (in} Labor Equipment |1U.U |1'8? |1'39
[12.0 Jo.14 [1.59
[1.0 [1.25 [1.09
[15 [1.60 156
[20 [174 169
Labor and equipment costs were obtained from the 2017 National
[3.0 [223 [217 Construction Estimator Book, 65th Edition

Defaults Close
Figure 19: Labor and Equipment Cost Inputs

a) No undercut or Milling (free top grade) b) Finished grade 0” above/below existing grade

SUBGRADE

SUBGRADE

¢) Finished grade “d1” above existing grade d) Finished grade “d2” below existing grade

SUBGRADE

SUBGRADE

Figure 20: Top Surface Constraints
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Figure 21 shows an example of an initial construction cost analysis. Each figure showing the
benefit can be expanded to view the detailed calculation as shown in Figure 21. The unit cost
of material ($/SY) for each pavement layer is calculated from the material, labor and equipment
cost. The initial construction cost can be compared either in terms of the unit cost ($/SY) or the
total cost. Further, the efficiency comparison provides the percentage cost savings and
pavement life extension.

E— = “4 Initial Construction Cost (5)
) ] =

ot Calculator
Allowable Traffic (ESAL)

Pavement Optimization Design Analysis - Data Input I Results 607,669

Unstabilized Stabilized
Thickness (in) ESALs 211,000 234,000
Unstabilized Pavement acct [400 = 526487 Cost Analysis
Layer Di ai mi SN —~
ABC |8.00 3.
ACC1 | 4.00 | 0420 N/A | 1.680
28 | 800 | 0140 | 10 [ 1120 sec [e00 =
SBC | 6.00 | 0.080 1.0 | 0.480

Overal Structural Number (SN) 3280
Calculated Traffic, ESALs l 211,000

Initial Construction Cost ($) — 7

607 669

526.407 Reduced
initial

]

]

]

]

1

1

: construction
1 cost by
: 134%
1

]

]

]

1

Unstabilized  Stabilized
e e e e d

Construction Time (days) —”

72

Unstabilized Stabilized
Base Geogrid 2.34 (3/SY)
Stabilization Geognd 0.00 0.00 ($/SY)
Asphalt (ACC1) 20.96 16.09 (¥/SY)
Asphalt (ACC2) 0.00 0.00 (¥/SY)
Asphalt (ACC3) 0.00 0.00 (§/SY)
Base 10.89 830 (§/8Y)
Subbase 7.08 7.08 ($/SY)
Stabilized Subgrade 0.00 0.00 (¥/SY)
Excavation 2.50 2.08 (¥/SY)
Additional Fill 0.00 0.00 (/SY)
Total Cost per SY 4143 35.90 (¥/SY)
Project Size 14,667 14,667 (SY)
Total 607,669 526,487 ($)
Effici c ;

Cost Difference per SY 554 ($/SY)

Total Cost difference 81,182 (3)

Cost Savings 134 (%)

Life (ESAL) Extension 1080 (%)

Unstabiized Stabiized

Reduced initial construction cost by $81,182

Initial Construction Cost (S) (Considering material, labor and equipment cost)

Pavement
bmll
Days fasler

d _ Stabilized L d _ Stabilized d__ Stabilized

Figure 21: Initial Construction Cost Analysis

Dump Truck Trips

The Dump Truck Trips analysis module compares the truck trips required to build the
unstabilized and stabilized pavements. This analysis requires the quantity of pavement
material, the quantity of excavation, the material transportation rate and other inputs. The input
required for this analysis can be accessed by clicking “Edit Project Information” (See Figure
22). When a pavement is stabilized with TriAx geogrids, it results in the need of less material
(aggregate) for construction. This ultimately results in the reduction of Dump Truck Trips in the
job sites. As a result, the damage of the existing roadway is minimized, and the chances of
traffic congestion are also reduced.

Figure 23 provides an example of a Dump Truck Trips analysis. The software also estimates
the total number of passenger cars by assuming “one fully loaded Dump Truck is equivalent
to 9245 passenger cars”.
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Geometry & Material Costs | | Material Transportation & Placement Rates | Traffic Delay Inputs

Capacity of a Dump Truck 12. (CY)
Dump Truck operation rate (base, subbase, additional fi 4 {Dump truck/hr)

Dump Truck operation rate (excavation) {Dump truck/hr)

Lol

Working hours per day {hr)
Fluff factor for AC 1.20

Fluff factor for aggregates 1.25

Fluff factor for excavated soll IW

Water required for aggregates Iﬂ (Gal/CY)
Asphalt concrete (HMA) installation 125 (Ton/hn)
Average fuel consumption by a Dump Truck 32 (Galhr)

Figure 22: Material Transportation and Placement Rates Inputs

2 Dump Truck Trips >

1,662

No. of Dump Trucks

oo Unstabilized Stabilized
1,284 Asphalt 163 122
Base material 340 255
oo~ Subbase material 255 255
Stabilized subgrade 0 0
Excavated soil 794 662
Additional fill 0 0
Total 1,552 1,294
Efficiency Comparison
Reduction - Dump truck trips 258 (Dump trucks)
2,385,438 (Cars)
Transportation efficiency 16.6 (%)

Reduced 258 dump trucks in this job site.
258 dump trucks is equivalent to 2,385,438 cars.

This reduction in Dump Truck results in:
- reduction in roadway damage
- reduction in traffic congestion

Unstabilzed Stabilized - improvement in the life of surrounding infrastructure

Dump Truck Trips

Figure 23: Dump Truck Trips Analysis

Water Required

The Water Required analysis module compares the quantity of water required to build unbound
pavement layers of the unstabilized and stabilized pavements. The unbound pavement layers
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are aggregate base, subbase and additional fill. The input required for this analysis can be
accessed by clicking “Edit Project Information” (See Figure 22). Using the input “Water required
for aggregates” and the quantity of unbound aggregates, the total quantity of water required is
calculated. Figure 24 shows an example of a Water Required analysis.

‘% Water Required (Gallens) X
142,593
Water Reduction
6 Unstabilized  Stabilized
122,222 Total unbound aggregates 5.704 4889 (CY)
6 Total water required 142,593 122,222 (Gallons)
Water reduction 20,370 (Gallons)
Saved 20,370 gallons of water
19 gallons of water are needed to grow one apple.
- valueofwater org
The average American uses 100 gallons of water per day.
- American Water Works Association
Unstabilized Stabilized
Water Required (Liters]
e e

Figure 24: Water Required Analysis
Life Cycle Cost Input and Results

When two design alternatives have different initial costs and different predicted performance
lives, then the initial cost benefit comparison is not appropriate to make an informed decision.
Pavement engineers are faced with comparing design sections that comprise different material
types, component thicknesses and predicted service lives (AASHTO 1993 Ch3; FHWA 1998).
The Life Cycle Cost Analysis (LCCA) is currently required by the FHWA for federally funded
projects in most states. To properly evaluate these sections, the LCCA is performed to develop
an equivalent selection criterion by which the best design can be adopted. The utilization of
Tensar TriAx geogrid in a design section offers a thickness reduction of the unstabilized section
where the resulting predicted life of both section alternatives are equivalent. This feature
results in an initial cost benefit as calculated in the Advanced Cost module. However, when
the thickness reduction is limited by minimum thickness constraints for example, then the two
sections will have different predicted lives and different initial costs, which will require a life
cycle cost analysis to make an objective decision.

The Life Cycle Cost Analysis considers the costs associated with each design:
= Initial Cost

= Rehabilitation Cost
=  Maintenance Costs
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The analysis is done using a common evaluation or design period for both pavement
structures. If a pavement structure does not reach the end of the service life by the end of the
design period, the remaining life is accommodated by using a Salvage Value, or a negative
cost at the end of the design period. All the costs and salvage value are then converted and
combined in Equation 1 to generate a Present Worth of Cost (PWOC) for both pavements as
shown in Figure 25. The solution with the lowest PWOC is the optimum solution in terms of
performance and cost.

PWOC = IC + i ,PW(MC) + Y2, PW(RC) —PW/(SV) (Equation 1)
Initial Cost (IC)
Cost Rehabilitation Cost (RC)
IC Salvage Value (SV)
RC RC { End of
Design Life
~ Time
SV

Figure 25: Life Cycle Cost Components over the Design Life of a Pavement

Each of the components in Figure 25 can be defined as follows:

= |C Initial Cost (Costs associated with the construction of a new section of
pavement)

= MC Maintenance Cost (Costs of future major interventions to maintain or restore
riding quality)

= RC Rehabilitation Cost (Costs necessary to maintain a pavement at or above
some predetermined performance level)

= SV Salvage Value (Salvage (or Residual) value is the value of reusable materials,
and/or extended performance at the end of the design period)

Each of these components is normalized to a present worth of cost, which means that we
convert the cost of certain future activities into today’s money. The analysis of all the
components is done using Equation 1.

The user has two choices available for analysis. The top button, “Use Design Analysis” allows
for a cost-neutral evaluation. This means that the reduced cross-section can be adjusted by
the user to account for geogrid costs through an iterative process. The second button
“‘Maximum Savings” can be used to demonstrate the LCCA for equivalent sections using the
Copyright © Tensar International Corporation 2009-2019 SpectraPave User’s Manual

32



geogrid to extend the life of the pavement. To perform a Life Cycle Cost Analysis, adjust the
values as found in Figure 25 then click on the ‘Results” tab located on the tab below the toolbar
as shown in Figure 26.

Geometry & Material Costs | Material Transportation & Placement Rates | Traffic Delay Inputs ’m Labor & Equ

Analysis Variables

Project Design Life (years) 20

Discount Rate (%) 4.0 Vie'é\f ﬁftwit); l;l:—lmitng [
and Interval L.os1s

Maintenance Cost (5/Interval) 115.000

Rehabilitation Cost (S/Interval} 155,000

Unstabilized Section Stabilized Section
Available Traffic (ESALs) 211,000 Available Traffic (ESALs) 234,000
Initial Construction Cost (5) 607,663 Initial Construction Cost (5) 526.487
Maintenance Interval (Year) 3 Maintenance Interval (Year) 3

Rehabilitation Interval (Year) 6 Rehabilitation Interval (Year) | 12

Life cycle cost inputs and analysis are based on "Walls I, J., Smith, M. R. (1998). Life-cycle
cost analysis in pavement design-interim technical bulletin (No. FHWA-5A-98-079)"

Figure 26: Life Cycle Cost Analysis Inputs

Figure 27 shows the cycle cost savings for the unstabilized and stabilized pavement sections.
By clicking “View Detail Costs”, the activity timing and interval costs can be viewed (see Figure
28).

4 Life Cycle Cost(s) X
Summary of PWOC (Present Worth of Cost)
1,359,362
8 Unstabilized Stabilized
Initial Cost 607,669 526.487  (Dollars)
1,069,369 Maintenance Cost 466,369 466,369  (Dollars)
Rehabilitation Cost 295,824 76,512 (Dollars)
8 Total Present Worth 1,369,862 1,069,369  (Dollars)
Additional Initial Cost 134 (%)
Life Cycle Cost Saving 219 (%)
View Detail Costs
Reduced life cycle cost by $300,493 (21.9%)
Unstabilized Stabilized
Life Cycle Cost ($) Clase

Figure 27: Life Cycle Cost Analysis (LCCA) Analysis
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“z Life Cycle Costs - O X

Discount Non-stabilized Discount Tensar TriAxE Geogrid Stabilized
Year Factor e - . Year Factor - z R
Initial Cost | Maintenance | Rehabilitation Initial Cost | Maintenance | Rehabilitation

0 1.0000 607669 - 0 1.0000 526457 -

3 0.8890 - 102,235 - 3 0.8890 - $ 102,235

6 0.7903 - 5 90,886 5122459 6 0.7903 - 5 90,886

9 0.7026 - S 80,797 - 9 0.7026 - $ 80,797

12 0.6245 - 571,829 596,813 12 0.6246 - 571,829

15 0.5553 - 563,855 - 15 0.5553 - 563,855 -

18 0.4935 - 5 56,767 576,512 18 0.4936 - 5 56,767 576,512
Sub-totals § 607,669 § 466,369 § 205,824 Sub-totals § 526,487 § 466,369 § 76,512

PWOC TOTAL $ 1,369,862 PWOC TOTAL $ 1,069,369
Additional Initial Cost -13.4% | | Life Cycle Cost Saving 21.9%

Figure 28: Activity Timing and Interval Costs of LCCA

Construction Time

The Construction Time analysis module compares the total number of days required for
constructing the unstabilized and stabilized pavements. This includes building pavement layers
and excavating existing ground. The input required for this analysis can be accessed by
clicking “Edit Project Information” (See Figure 22). To compute the construction time for asphalt
layers, the input “Asphalt Concrete (HMA) Installation” is used. For unbound layers, the input
“‘Dump Truck operation rate (base, subbase, additional fill)” is used. Similarly, “Dump Truck
operation rate (excavation)” input is used for estimating excavation time.

4 Construction Time (days) X
Time required
72 Unstabilized Stabilized
Asphalt 3.30 248 (Days)
@ Base material 10.61 7.96 (Days)
60 Subbase material 7.96 7.96  (Days)
Stabilized subgrade 0.00 0.00 (Days)
® Excavated soil 49 65 4138  (Days)
Additional fill 0.00 0.00 (Days)
Total 71.52 59.77  (Days})
Time saving
Asphalt 0.82 (Days)
Base matenial 265 (Days)
Subbase material 0.00 (Days)
Stabilized subgrade 0.00 (Days)
Excavated soil 8.27 (Days)
Additional fill 0.00 (Days)
Total 11.75 (Days)
Reduced time to construct the pavement by 11.75 Days
Per USDOT and FHWA:
- In the United States, a work-zone injury happens every 9 minutes.
- On average, 24% of non-recurring freeway delay is attributed to work
zones.
Unstabilized Stabilized This reduction in pavement construction duration results in:
i i - Improving safety of construction workers
Construction time (Days) _Reduction in traffic g

Figure 29: Construction Time Analysis
Figure 29 shows an example of a construction time analysis. For unstabilized and stabilized
pavements, the construction time for each pavement layers and the overall excavation time
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are shown under “Time required”. “Time saving” provides the difference in time for each item
and the total time difference.

Fuel Required

The Fuel Required analysis compares the total amount of fuel needed to operate Dump trucks
on the job sites. Based on the total quantity of pavement materials and the total quantity of
excavation, the total number of Dump trucks is computed. And, the fuel required for those
trucks used for constructing unstabilized and stabilized pavements is estimated. The input
“Average fuel consumption by a Dump Truck” is needed for this analysis (See Figure 22).
Figure 30 shows an example of a Fuel Required analysis.

2 Fuel Required (gallons) 4

Time required
1,831

Unstabilized Stabilized
Asphalt 3.30 248
1530 Base material 10.61 7.96

=Y (
{
Subbase material 7.96 796 (Days)
.Eﬁ Stabilized subgrads 0.00 0.00 (Days)
Excavated soil 49.65 4138  (Days)
Additional fill 0.00 0.00 (Days)
Total time 71.52 59.77  (Days)
Fuel consumed
Fuel consumption 1,831 1,530 (Gallons)
Fuel saving 301 (Gallons)
Saved 301 gallons of fuel for Dump
About 22.4 pounds of carbon dioxide are produced
from burning a gallon of diesel fuel

- U 5. Energy Information Administration

Unstabilized Stabilized

Fuel Required (Gallons)
Figure 30: Fuel Required Analysis

Cost of Traffic Delay

Due to the presence of roadway work zones, the road users face serious consequences of
traffic congestions and traffic delays. It is always challenging to quantify the cost associated
with those traffic delays. Several researchers have proposed different methods of computing
traffic delay cost. In SpectraPave, the cost of traffic delay analysis is a two-step process based
on Jiang (2001) and Mallela and Sadavisam (2011). In the first step, an average traffic delay
time is estimated by using the method proposed by Jiang (2001). In the second step, an
average traffic delay cost per day is estimated by using the method proposed by Mallela and
Sadavisam (2011). Then, using the “average ftraffic cost per day” and total duration for
pavement construction, the total traffic delay cost is computed. The inputs needed for this
analysis are shown in Figure 31. Figure 32 shows an example of a Cost of Traffic Delay
analysis.
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Edit Project Information

Geometry & Material Costs | Material Transportation & Placement Rates | Traffic Delay Inputs | Life Cycle Inputs | Labor & Equipment Cost Inputs

Personal travel

All travel (2009)

Intercity (1990)

Local

Intercity

Median household income
Total daily traffic

Personal travel percentage

Average vehicle occupancy (AV0) of passenger cars (business)

Trucks travel percentage

Hour monetary value of travel time for a person on business travel

Average vehicle occupancy (AVO) of trucks

Average wages and benefits for truck drivers

Variables

Average daily Traffic

Stoping Section Length (s)

Freeway Speed (vf)

Construction Zone Speed (vz)
Construction Zone Lentgh (L)

Average Acceleration After Work Zone (a)
Traffic Flow Rate of amival vehicles (Fa)
Service Rate of the system (Fc)

Vehicle Queue-discharge rate (Fd)

Total vehicle queue at the end of hour | (Qi)

Uncongested no. Hours

93.7 (%)
167  (People)
(People)

05 (Determined from median annual income forall us households divided by 2,080)

(Blyear)
(Vehicles)
(%)

(%)

map! e

(8/hr)
1.025

($/hr)

15,000 (Carsihr)
(Miles)
(MPH)
(MPH)
(Miles)
(Miles/Hour/Second)
15000 (Carsihr)
16000 (Carsihr)
1400.0  (Cars/hr)
(Carsfhr)
100 (Hours)

SAPPPRRRRNC s

- Traffic Delay inputs and calcuiations are based on “Jiang, Y. (2001). Estimation of traffic delays and vehicle queues &t freeway

work zones. Transportation Research Board, Washingion, DC.”

- Mallela, J., Sadavisam, S.(2011). Work Zone Road User Cosis: Concepts and Appiications. US Department of

Transportation, Federal Highway Administration.

Figure 31: Traffic Delay Inputs

(Determined from median annual income for all us households divided by 2,080)

Defaulis Close

<2 Cost of Traffic Delay (5)

5,274,331
4,407,596
Unstabilized Stabilized

Cost of Traffic Delay ($)

Time required
Unstabilized
Asphalt 3.30
Base material 10.61
Subbase material 7.96
Stabilized subgrade 0.00
Excavated soil 49.65
Additional fill 0.00
Total time 71.52

Traffic delay cost 5,274,331

Cost saving

Reduced impact on local economy by $866,735

It is estimated that tion costs Americans over §124

)

Billion a year.

- Farbes (Oct. 2014)

Stabilized

248 (Days)

796 (Days)

7.96 (Days)

0.00 (Days)

4138 (Days)

0.00 (Days)

59.77  (Days)
4,407 596
$866,735

Figure 32: Cost of Traffic Delay Analysis
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Flexible Pavement Analysis

The Flexible Pavement Analysis module facilitates analysis and design of flexible pavements
with TriAx and biaxial geogrids. The design for biaxial geogrids follows CALTRANS Guide for
Design of Pavement (Caltrans 2012). The guide recommends using a layer of biaxial geogrid
for the base course thickness less than equal to 18”. The maximum allowable subgrade
stiffness is R-Value of 40 which is equivalent to the modulus of 8800 psi. Christopher et al.
(2010) provided a chart to convert R-Value (California) to modulus.

In this Flexible Pavement Analysis module, the base course thickness for the stabilized section
is reduced in such a way that the stabilized section and the unstabilized section have the same
traffic life (ESALS). The thickness reduction is based on the subgrade stiffness and type of
geogrid. Examples of inputs and outputs for flexible pavement analysis are shown in Figure 33
and Figure 34.

4 SpectraPave™ - [Untitled.sp] - [m] X

File DesignOptions Help

-—
= @ E n &
SaveFle | Projectinfo | PrnterSetup  Report ThinAC | Standard AC  Thick AC Calculator
(] TENSAR | Flexible Pavement Analysis - Data Input | Results
{i] SPECTRAPAVE Select Material Lavers Used in Pavernent Section
[=-4_3 BIAXIAL GEOGRID MODULE Laver Name Material Deseription Thickness (in) Laver Coeff. Drainage Fastor Biaxial Geoarid
(] Subgrade Stabilization Acct x| [asphalWearing Course 300 = 0.420
L& | Flexible Pavement Analysis None -]
BT [None
ABC |Aggregate Base Course 200 = 0.140 10 |Class1 =
SBC Subbase Course 6.00 3: 0.080 10
Geogrid Overlap for Base Course ()  [1.0 Recommended
Target Traffic (ESALs) 100.000
it (%) e
Beliabiliy o5 Soft Subgrade
Stabilization Analy:
Standard Normal Deviate [ 645 e
Standard Deviation 049
(o (o
Subarade Resilient Modulus (psi) 5000
Seniceabilty Initial [ 42
Terminal 20

SpectraPave™ Software o Subgrade Siabilization and Pavement Opti Version 4.7, February, 2019
© 1998 - 2019, Tensar international Corporation, 1-00-TENSAR-1, w p.com
®

Pavement Optimization Design Analysis Unis US [Standard Asphatt Pavemert [ TWH Ediion 20190112

Figure 33: Flexible Pavement Analysis Inputs
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4 SpectraPave™ - [Untitled.sp]

File DesignOptions  Help

{_] SPECTRAPAVE
(-4 BIAXIAL GEOGRID MODULE
© B3] Subgrade Siabilization

© B2 Flesible Pavement Analysis

fExIT

Unstabilized Pavement
Layer | Di ai mi SN
40C1 | 300 | 0420 | mia | 1260
ABC | 800 | 0140 | 10 | 1120
s8C | 600 [ 0060 | 10 | 0480
Overall Structural Number (SN) | 2850
Calculated Traffic, ESALS. 85,000

Unstabilized Pavement Section

Thickness (in) ACG1

ACC1 300 = -
ABC |8.00 = e
SBC [6.00 =

Units US Standard Asphalt Pavement  [TWH Edition 20190112

® M @3 2
Mew File DOpen File Save File Project Info | Printer Setup Report ThinAC  Standard AC Thick AC Unit Setting Calculator
.-{_] TENSAR Flexible Pavement Analysis - Data Input | [ Resus |

Target Traffic (ESALS) = 100,000
b Round Results

Click Here to Conduct
Pavement Optimization
Cost Analysis

Stabilized Pavement Section

i Class 1 Biaxial Geogrid

Thickness (in)
acct [zon =

MSL 520 =

sec [s00 =

SpectraPave™ Software for Subgrade Stabilization and Pavement Optim

© 1998 - 2019, Tensar Iy

nal Corporation, 1-800-TENSAR-1, ww

Figure 34: Flexible Pavement Analysis Results

Update Facility

Other Features

The “Updates” feature is devised to allow users to make sure that the most recent version of
SpectraPave is in use. The user can activate it by pressing the “Updates” button, located at
startup of the software (see Figure 35). The update occurs automatically as long as the
computer is connected to the internet.

‘1 User agreement

ILIMITATIONS - Use of this software and any related written materials or related techrical support S
llindividually and collectively the Technology’)is expressly conditioned upon execution by the User of
la Software and Technalogy License Agreement with Tensar Intemational Corporation (TIC). The
unauthorized use hereof is strictly prohibited. This Technology should be used only by an
iexperienced and duly licensed professional engineer. TIC advises the User that this Technology is
inecessarlly general in nature. and that soil and water conditions, earth pressures, bearing capacity.
global stability, the nature of backfill, differertial settlement, loading conditions and other
ienvironmental and site conditions above and below the surface are all site-specific and vary widely.
\Accordingly, in developing any final design and construction, certain design parameters and
information other than or different from that suggested in this Technology. as well as certain
assumptions, judgmerts, inspections, tests and/or analyses, must necessarily be established and
then taken into account by the User in the final design and construction. Furthermare, this
technology incorporates the specific performance characteristics of certain approved Tensar
igeogrids and is only to be used for design purposes with such approved Tensar geogrids. The

Biaxial evaluation module (intended for comparative evaluation purposes only) incorporates generic

SPECTRAPAVE™

SOFTWARE

USER AGREEMENT

© | accept the agreement

® | do not accept the agreement

Figure 35: Updating SpectraPave
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When the “Updates” button is selected by the user, SpectraPave automatically compares the
version on Tensar's web site (www.tensarcorp.com) to the one in use. If there is a newer
version available, the user will be prompted to download the latest files for an upgrade and is
then guided through the process by a set of dialog boxes.
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Save File Feature

By selecting the appropriate icon on the toolbar or choosing the save option on the File menu,
the user can either create, revise or over-write an existing file. To open a previously saved file
or create a new file the user will need to select the home button. Once selected the user has
access to these buttons.

Printing

By selecting the appropriate icon on the toolbar (see Figure 36) or choosing the print option on
the File menu, printing of the design and/or analysis output can be performed at any point
within the design process. If the user- and project-specific information has not been entered in
the software, the user will be prompted to do so and will then select the required set of analyses
for printing.

&

Calculator

eqtGptimization Bestgr A paio— Badm-+ﬁmuﬁ’ ______________________
1
1
1
1

1
i
P2
El

{ Report sends to current printer - Mitro PDF Creator (Pro 11) X

Print Analysis Report
Subgrade Stabilization Report Pavement Optimization Report
v Design Analysis

v Other Analysis
W Overview of savings and benefits
W' Initial construction cost
¥ Dump truck trips
¥ \water required
¥ Life cycle cost
W Construction time
W' Fuel required
W Cost of traffic delay

Print Material Property Data Sheet
MPDSTXs | MPDS TX7

| Preview |
MPDS TX140 MPDS TX160
oK |

MPDS TX150L | MPDS TX130L

Printer Setup Cancel |

e

MPDS TX1305 | MPDS TX3

R |- —r |
geps O O o

Unstabilized . Stabilized T"'U'ns?eﬁnmz'ed"ét'aaﬁsﬁ """"" T'

Figure 36: Printing Reports

Help Section

The Help section provides access to resources related to the theoretical background and
operation of SpectraPave. Case studies and additional technical information can be
downloaded from the TIC web site, www.tensarcorp.com, or by calling TIC at 800-TENSAR-1.

[ — = - "
3 - B o = 2
Repart Thin AC Standard AC  Thick AC Init Setting Calculator Feedback Live Chat

Figure 37. Feedback and Live Chat Tools
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Feedback

New to SpectraPave is our “Feedback” feature introduced under the Help Section and in the
toolbar (see Figure 37). The feedback feature enables users to provide comments or questions
regarding SpectraPave. Upon clicking “Feedback”, the software will redirect you to a weblink
hosted by Tensar. This feature can also be used to report issues or problems related to the
SpectraPave software.

Live Chat

Live Chat (see Figure 37) allow SpectraPave users to instantaneously interact with the Tensar
representative and get additional information about the software. If the request of Live Chat is
made after regular business hours, the user will be asked to leave a message and the Tensar
representative will respond the next business day.

Layout

The recommended screen resolution is 1920x1080 and “scale and layout” of 100% (see Figure
38) for the best viewing experience. This feature can be accessed from computer’s display
setting (Windows Setting>System>Display).

Scale and layout

Change the size of text, apps, and other items

Advanced scaling settings

Resolution
1920 ) x 1030 [Recommended] ............. v
Orientation

Landscape v |

Figure 38: Recommended Screen Resolution and “Scale and Layout”

Unit Setting

SpectraPave can be used either in “English” or in “Metric” units. The selection of “Unit” should
be done before starting any module (see Figure 39).

File DesignOptions Help

D & B 2 @ | & @ | W B mola| ¢ =
Save H

- -
Calculator Feedback  Live Chat

New Open SaveAs | Projectinfo | PrinterSetup  Report ThnAC  StandardAC ThickAC || Ut Setting

(L] TENSAR
/_EA SPECTRAPAVE
[5-(_] BIAXIAL GEOGRID MODULE

EXIT
4 Select Unit System 4 SPECTRAPAVEW
SOFTWARE
© Units US (English)
@ Units SI (Metric) www.TensarCorp.com
Figure 39: Unit Selection
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For additional SpectraPave support, please contact:

Tensar International Corporation
2500 Northwinds Pkwy, Suite 500
Alpharetta, GA 30009
1-800-TENSAR-1

http://www.tensarcorp.com
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