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STRATEGIC HIGHWAY RESEARCH PROGRAM

Accelerating solutions for highway safety, renewal, reliability, and capacity

Project RO2:
Geotechnical Solutions for
Transportation Infrastructure

Soil Improvement,
Rapid Embankment Construction, and
Stabilization of the Working Platform



What are Geotechnical Solutions?
(Construction Options)

Geoconstruction and Ground Improvement (Gl)
Methods and Systems

*Methods to alter poor soil/ground
conditions to meet project requirements

*» Variety of Gl methods, often categorized
by densification, accelerate consolidation,
reinforcement or chemical alteration, and
stabilization
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STRATEGIC HIGHWAY RESEARCH PROGRAM
Accelerating solutions for highway safety, renewal, reliability, and capacity

RO2 Project Elements

1 Construction of new embankments and
roadways over areas of unstable soils

2 Widening and expansion of existing
embankments and roadways

3 Improvement and stabilization of the support
beneath the pavement structure
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STRATEGIC HIGHWAY RESEARCH PROGRAM
Accelerating solutions for highway safety, renewal, reliability, and capacity

SHRP2 RENEWAL Ob jectives

1 Rapid Renewal of transportation facilities
2 Minimal Disruption of traffic
3 Production of Long-Lived facilities



46 TECHNOLOGIES ADDRESSED

Aggregate Columns

Beneficial Reuse of
Waste Materials

Bio- Treatment for

Subgrade Stabilization

Blast Densification
Bulk-Infill Grouting
Chemical Grouting/
Injection Systems

Chemical Stabilization
of Subgrades & Bases

Column-Supported
Embankments

Combined Soil
Stabilization with
Vertical Columns

Compaction Grouting

Continuous Flight
Auger Piles

Deep Dynamic
Compaction
Deep Mixing Methods



46 TECHNOLOGIES ADDRESSED (coNnT.)

Drilled/Grouted & Hollow
Bar Soil Nailing

Electro-Osmosis
Excavation & Replacement
Fiber Reinforcement in
Pavement Systems
Geocell Confinement in
Pavement Systems
Geosynthetic Reinforced
Construction Platforms
Geosynthetic Reinforced
Embankments

Geosynthetic Reinforcement
in Pavement Systems

Geosynthetic Separation in
Pavement Systems

Geosynthetics in Pavement
Drainage

Geotextile Encased Columns
High-Energy Impact Rollers
Hydraulic Fill + Vacuum
Consolidation + PVDs
Injected Light-Weight
Foam Fill



46 TECHNOLOGIES ADDRESSED (conT.)

Intelligent Compaction
Jet Grouting

Light Weight Fills

Mechanical Stabilization
of Subgrades & Bases

MSE Walls

Micro-Piles

Onsite Use of Recycled
Pavement Materials

Partial Encapsulation
PVDs & Fill Preloading

Rapid Impact Compaction
Reinforced Soil Slopes
Sand Compaction Piles
Screw-In Soil Nailing
Shoot-In Soil Nailing
Shored MSE Walls
Traditional Compaction

Vacuum Preloading w/ &
w/o PVDs

Vibrocompaction
Vibro-Concrete Columns



END USER PRODUCTS

Main product: Web based information and guidance
system

Development project reports

Within the system, for each of 46 technologies:
Technology Fact Sheets
Photographs
Case Histories
Design Procedures
Quality Control/Quality Assurance Procedures
Cost Estimating
Specifications
Bibliography



AUDIENCE

Public agency personnel at local, state and
federal levels
Primarily Geotechnical Engineers

Civil/Structural/Bridge Design & Construction
Engineers, Pavement Design & Construction
Engineers

Project Managers, Procurement, Research,
Maintenance, District Engineers

Consultants, General Contractors, A/E
groups, Academics/Students



GOAL OF
INFORMATION & GUIDANCE SYSTEM

To make geotechnical solutions more
accessible to public agencies in the United
States for rapid renewal and improvement of
the transportation infrastructure.
"‘Project Vision”



OBJECTIVES OF THE SYSTEM

1. Identify potential technologies for design
and construction for the following
+rancnartation anbnlicatione<:
rrhrignbdvavidnbiibasidenenddnu iy

Construction over UNSTABLE soils

Construction over STABLE or STABILIZED
soils

Geotechnical pavement components (base,
subbase, and subgrade)

Working platforms



OBJECTIVES OF THE SYSTEM

2. Provide guidance to develop a 'short-list’
of applicable technologies

3. Provide guidance for detailed project-
specific screening of technologies with
consideration of SHRP 2 Renewal
Objectives

4. Provide an interactive, programmed
system

5. Provide current, up to-date information



SYSTEM STRUCTURE
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VALUE ADDED

Main product: Web based information and
guidance system

The primary value of the system is that it
collects, synthesizes, integrates, and
organizes a vast amount of criticall
important information about geotechnical
solutions in a system that makes the
information readily accessible to the
transportation agency personnel who need it
most.




STRATEGIC HIGHWAY RESEARCH PROGRAM

Accelerating solutions for highway safety, renewal, reliability, and capacity

Information and Guidance System

www.GeoTechTools.org

Expected to be open to public in November 2012



GEOTECH TOOLS

GEO-CONSTRUCTION INFORMATION
& TECHNOLOGY SELECTION GUIDANCE FOR
GEOTECHNICAL, STRUCTURAL, & PAVEMENT ENGINEERS

HOME Geotech Tools: Geo-construction Information & Technology Selection Guidance for Geotechnical, Structural, & Pavement Engineers was developed by
a SHRP 2 project to make geotechnical solutions more accessible to public agencies in the United States. This website is a toolkit of geotechnical
SHRP 2 R02 PROJECT information to address all phases of decision making from planning to design to construction to allow transportation projects to be built faster, to be less
BACKGROUND expensive, and/or to last longer. Anyone involved in planning, design, and construction of transportation infrastructure will benefit from the information and

resources available here. The information in the system is also applicable to non-transportation works and beyond the United States. We invite your
comments and feedbacks on any aspect of the system. A Users' Guide fo the Information and Guidance Sysfem is available. First time users are
encouraged to review the User's Guide.

GEOTECHNICAL DESIGN
PROCESS

CATALOG OF
TECHNOLOGIES

Geotechnical Design Process Catalog of Technologies Technology Selection Glossary
TECHNOLOGY
SELECTION Prior to technology selection, site- The Catalog of Technologies Technology Selection is an This website contains technical
GLOSSARY specific conditions and constraints provides a listing of all the interactive tool to identify candidate  terms and industry-specific jargon.
must be identified. The technologies. For each technology, technologies for specific A glossary has been compiled to
ABBREVIATIONS geotechnical design process the following information is geoconstruction applications using assist in understanding the
FREQUENTLY ASKED presents an overview of the available: project information and terminology used throughout this
QUESTIONS considgratiqns im.rolw_ur_ed in « Technology Fact Sheet constr_aints_ Fi_nal tecr‘!rwlog‘_\,r . website and in its documents.
evaluating site conditions and « Phot selection requires project-specific
SUBMIT A COMMENT implementing a geoconstruction e engineering. Technologies can
SUBMIT A CASE technology. b Cas.e Hlstques also be accessed by classification
HISTORY + Design Guidance or through a catalog of specific
+ QC/QA Procedures technologies.
LINKS + Cost Estimating
ABOUT THIS WEBSITE gt
+ Bibliography
A i Release 1.0

This website and its contents were developed by the SHRP 2 R02 research team and is currently in its first release; TRB makes no
= ] representation or warranty of any kind (see disclaimers). We look forward to receiving your comments and suggestions.

Copyright @ 2010-2012 lowa State University RELEASE 1.0 Disclaimers Log out
Last updated November 2012



Geotechnical Solutions for Transportation Infrastructure is a SHRP 2 project developed to make geotechnical solutions more accessible to public
agencies in the United States. This website is a toolkit of geotechnical information to address all phases of decision making from planning to design
to construction to allow transportation projects to be built faster, to be less expensive, and/or to last longer. Anyone involved in planning, design, and
construction of transportation infrastructure will benefit from the information and resources available here.

Geotechnical Design Process
.|

Prior to technology selection, site-
specific conditions and constraints
must be identified. The
geotechnical design process
presents an overview of the
considerations involved in
evaluating site conditions and
implementing a geoconstruction
technology.

Catalog of Technologies

The Catalog of Technologies
provides a listing of all the
technologies. For each technology,
the following information is
available:

= Technology Fact Sheet
» Photos

= Case Histories

= Design Guidance

= QC/QA Procedures

= Cost Estimating

+ Specifications

= Bibliography

Technology Selection
. ______________________________________________________|

Technology Selection is an
interactive tool to identify
candidate technologies for specific
geoconstruction applications using
project information and
constraints. Final technology
selection requires project-specific
engineering. Technologies can
also be accessed by classification
or through a catalog of specific
technologies.

Glossary

This website contains technical
terms and industry-specific jargon.
A glossary has been compiled to
assist in understanding the
terminology used throughout this
website and in its documents.



ENGINEERING TOOLS

Case Histories - Technology
Fact
Photographs - Sheets
QC/QA Design
Procedures Procedures
. Cost
S tions -
pecifications Estimating
Tools
Technical

46 Technologies

Bibliography




GEQOTECH TOOLS

GEO-CONSTRUCTION INFORMATION & TECHNOLOGY SELECTION
GUIDANCE FOR GEOTECHNICAL, STRUCTURAL, & PAVEMENT ENGINEERS

HOME

SHRP 2 R02 PROJECT
BACKGROUND

GEQTECHNICAL DESIGN
PROCESS

CATALOG OF
TECHNOLOGIES

TECHNOLOGY
SELECTION

GLOSSARY
ABBREVIATIONS

FREQUENTLY ASKED
QUESTIONS

SUBMIT A COMMENT

SUBMIT A CASE
HISTORY

LINKS
ABOUT THIS WEBSITE

Catalog of Technologies

About the Technologies Listed

Included are ground improvement and geoconstruction technologies that are used for the following elements of construction:

« New embankment and roadway construction over unstable soils
+ Roadway and embankment widening
» Geotechnical pavement components (base, subbase, and subgrade)

= Working platforms

An gxception is that two traditional technologies—aexcavation and replacement, and traditional compaction—arsa included as often used "base”
technologies, to which ground improvement and geoconstruction methods are often compared.

Click here to view Catalog of Technologies with SHRP 2 R02 ratings that also allows comparison of selected technologies.

Technology
Aggregate Columns
Beneficial Reuse of Waste Materials
Bio-Treatment for Subgrade Stabilization
Blasting Densification
Bulk-Infill Grouting
Chemical Grouting/Injection Systems
Chemical Stabilization of Subgrades and Bases
Column-Supported Embankments
Combined Soil Stabilization with Vertical Columns
Compaction Grouting
Continuous Flight Auger Piles
Deep Dynamic Compaction

Deep Mixing Methods

v ¥V v ¥V Vv ¥V VvV ¥V ¥ Y v ¥" v %

Drilled/Grouted and Hollow Bar Soil Nailing



HOME

5HRP 2 R02 PROJECT
BACKGROUMND

GEOTECHMICAL DESIGN
PROCESS

CATALOG OF
TECHNOLODGIES

TECHNOLOGY
SELECTION

GLOSSARY
ABEREVIATIONE

FREGUENTLY ASKED
QUESTIONS

SUBMIT A COMMENT

SUIBMIT A CASE
HIFTORY

LINKS
ABOUT THIS WEESITE

-
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Technology Information

Aggregate Columns

Apgregate column technology refers to both rammed apgregate piers and stone columns. Rammed
aggregate piers are constructed by wusing 3 high-enengy down-hole tamper to compact the aggregate and
form the indvidual column elements. Stone columns are similar, but are constructed using 3 down-hole
wibratory probe

[[] Technology Fact Sheets
[] Photos
Case Histories
[ Office Building, Missouri
[ Slope Stabilization, Mew York

O Liquefzction Potential Reduction
= Missouwri

Slope Rehabilitation, YWashington,
O Dc

[[] Design Guidance

[ Quality Controli@uality Assurance
[[] CostiInformation

[0 Specifications

[C] Bibliography

Checic All Clear

Downloading multiple documents

Check the mdividual boxes beside documents or use the "Check All" button fo select
the documents for download. After checking the desired documents, select the
"Downlead Zip File” button at left to download your documenis.

e

SHRP 2 ratings fior Aggregate Columns

Potentizl Contribution to $3HRP 2 Renswal Objectives

Degree of Technology Rapld Renewal of Minimal Di=ruption Production of Long-
Estabilzhment Tranzp. Facilitias aof Traffic Lived FacHltlss

4 3 1 4

(Rating Scale 1= nof esfablished or low spplicabilty, 5 = well estsblished or high spplicabiity)

See the SHRP 2 BO0Z2 Technology Batings Sumnmmary for a legend and description of rating
development.

| »

Technologies -

» Apgregate Columns

> Bmel:it:iai Reuse of Waste
5

Bic-Treatment for Subgrade
Stabilization

» Blasting Densification

¥ Bulk-Infill Grouting

> Chemical Grouting/injection
Systems

Chemical Stabilization of
Subgrades and Bases -

¥ Column-5uppaorted Embankments

- Combined Soil Stabilization with
Vertical Columns

» Compaction Grouting

» Continuous Flight Auger Piles

» Deep Dynamic Compaction

» Deep Mixing Methods
DrillediGrouted and Hollow Bar

¥ sail Mailing

# Electro-Osmosis

p Excavation and Replacement

- Fiber Reinforcement in Pavement
Systems

Geocell Confinement in Pavement
Systems

Geosynthetic Reinforced

m

¥ Constructfinn Platinrms =
"l
y |
g _ gt -
& 4 "
=
-



Technology Information

Aggregate Columns

Aggregate column technology refers to both rammed agpregate piers and stone codumns. Rammed
aggregate piers are constructed by using a high-energy down-hole tamgper to compact the aggregate and
form the individual column elements. Stone columns are similar, but are constructed using a down-hole
wibratory probe.

|| Technology Fact Sheets

[l Photos

Case Histories
[ Office Building, Missouwri

[l Slope Stabilization, Mew York
iquefaction Potential Reduction,
= Liquefzction P 1al Reduct

Mitssoun
Slope Rehabilitation, Washington,
O [
[7] Design Guidance

]  Quality ControliQuality Assurance
Cost Information

apecifications

Bibdiography

[ o8 3

| Cheek All || Clear |




SHRPFP 2 ratings for Agpregate Columns

Potentlal Contribution to 3HRP 2 Renewal Objectives

Dagree of Technology Rapld Renewal of Minimal Dlzruption Production of Long-
Eatabllahment Tranap. Facllitiaa of Trafflc Lived Faclltles
4 3 1 E

(Fating Scale: 1 = notf esfabiished or low spplcabilty, 5 = well esiablished or high sppicabilty)

See the SHRP 2 RlZ Technology Ratings Surmmary for a legend and description of rating
developrment.




GEOTECH TOOLS

GEO-CONSTRUCTION INFORMATION & TECHNOLOGY SELECTION
GUIDANCE FOR GEOTECHNICAL, STRUCTURAL, & PAVEMENT ENGINEERS

HOME

SHRP 2 R02 PROJECT
BACKGROUND

GEOTECHNICAL DESIGN
PROCESS

CATALOG OF
TECHNOLOGIES

TECHNOLOGY
SELECTION

GLOSSARY
ABBREVIATIONS

FREQUENTLY ASKED
QUESTIONS

SUBMIT A COMMENT

SUBMIT A CASE
HISTORY

LINKS
ABOUT THIS WEBSITE
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Glossary

A glossary was compiled to help users understand the terminology used throughout this information and guidance system. References for the glossary
are found at the bottom of the page. Several key terminology compilations that can be accessed openly through the Internet are listed below.

American Concrete Institute — Concrete Terminoclogy

Degen Engineering — Glossary of Ground Improvement Vocabulary

Intelligent Compaction — Terminoclogy and Glossary

Pavement Interactive

Pavement Recycling Guidelines for State and Local Governments Participant's Reference Book — Glossary

Recycled Matenals Resource Center — Glossary of Terms

The Waste and Resources Action Programme — AgaReqgain

University Of Utah Seismoagraph Stations — Earthquake Glossary

User Guidelines for Waste and Byproduct Materials in Pavement Construction

USGS Earthquake Hazards Program — Earthquake Glossary

The references below are linked to the sites to purchase the copyrighted compilations of terms.

AASHTO M145-91: Standard Specification for Classification of Seils and Soil-Aggregate Mixtures for Highway Construction Purposes
AASHTO M146-91: Standard Specification for Terms Relating to Subgrade. Soil-Aggregate, and Fill Materials

ASTM C125 — 11: Standard Terminology Relating to Concrete and Concrete Aggregates

ASTM D653 — 09: Standard Terminology Relating to Soil, Rock, and Contained Fluids

Deep Foundations Institute: Glossary of Foundation Terms

A B C D EF GH I J KL MNOWPQR S5 T UV W X Y Z References



GEOTECH TOOLS

GEO-CONSTRUCTION INFORMATION & TECHNOLOGY SELECTION
GUIDANCE FOR GEOTECHNICAL, STRUCTURAL, & PAVEMENT ENGINEERS

HOME

SHRP 2 R02 PROJECT
BACKGROUND

GEOTECHNICAL DESIGN
PROCESS

CATALOG OF
TECHNOLOGIES

TECHNOLOGY
SELECTION

GLOSSARY
ABBREVIATIONS

FREQUENTLY ASKED
QUESTIONS

SUBMIT A COMMENT

SUBMIT A CASE
HISTORY

LINKS
ABOUT THIS WEBSITE

Select an Application @

Begin the interactive selection
system by selecting one of the
applications to the rnght. These inputs
are the basic information required for
screening potential technologies.

The technologies shown in the far
right-hand column are all the
potential solutions available in this
system. After selecting one of the
applications below, a short list of
potential solutions for the selected
application will appear in the right
hand column. As additional inputs
are entered, potential technologies
are highlighted and eliminated
technologies are faded.

i b}
(] ]
! unstable soils |
(] ]
[ )
L) L)
solutions above or below gridn)
o« solutions above grade

I
I
I
'
'
[}

EEE
e e

_____________________

working platform solutions

Construction over
Unstable Soils

Construction over Stable
or Stabilized Soils

Geotechnical Pavement
» Components (Base,
Subbase, and Subgrade)

» Working Platforms

© are found throughout the interactive selection system to provide additional information regarding

each selection.

- » Canstruction Platfarme

Technologies

» Aggregate Columns

> Beneficial Reuse of Waste
Materials

Bio-Treatment for Subgrade
Stabilization

» Blasting Densification

» Bulk-Infill Grouting

Chemical Grouting/Injection
Systems

> Chemical Stabilization of
Subgrades and Bases B

» Column-Supported Embankments

> Combined Soil Stabilization with
Vertical Columns

4

m

»

» Compaction Grouting

» Continuous Flight Auger Piles

» Deep Dynamic Compaction

» Deep Mixing Methods

> Dri_lled!ﬁrouted and Hollow Bar
Soil Nailing

» Electro-Osmosis

» Excavation and Replacement

> Fiber Reinforcement in Pavement
Systems

> Geocell Confinement in Pavement
Systems
Geosynthetic Reinforced

—

‘L.




Interactive Selection System Technologies

» Aggregate Columns

embankm ' ent Beneficial Reuse of Waste
VAEEEEES , ¥ Materials
! H Construction over .
e ; . > : Bio-Treatment for Subgrade
Select an Application @ | unstable soils ; Unstable Soils B o
Begin the interactive selection solutions above or below grade” » Blasting Densification
system by selecting one of the b Bulk-Infill Grouting
applications to the right. These inputs __a solutions above grade Chemical Grouting/Injection
are the basic information required for ;' ": > Systems
screening potential technologies. I ' -
ap g : ! .. Construction over Stable Chemical Stabilization of

or Stabilized Soils » Subgrades and Bases
» Column-Supported Embankments

> Combined Scil Stabilization with
Vertical Columns

The technologies shown in the far
right-hand column are all the
potential solutions available in this
system. After selecting one of the
applications below, a short list of
potential solutions for the selected

LY
#

» Compaction Grouting

e : 3 ; ’ base '
appication i i, thg right ' | Geotechnical Pavement » Continuous Flight Auger Piles
hand column. As additional inputs - _ ] » Components (Base, - )
are entered, potential technologies H subarade soils . Subbase, and Subgrade) » Deep Dynamic Compaction
are highlighted and eliminated "» ______ ‘;' » Deep Mixing Methods
ReRs oS are faderd e Drilled/Grouted and Hollow Bar
Dbaze: and subarade) ¥ Soil Nailing

» Electro-Osmosis
» Excavation and Replacement

Fiber Reinforcement in Pavement
» Working Flatforms > Systems

> Geocell Confinement in Pavement
Systems

Geosynthetic Reinforced
}...P.J'Inqmic‘l'in'n Platfarms=

working platform solutions

@ are found throughout the interactive selection system to provide additional information regarding .
each selection. <

m




Interactive Selection System

Each screen will prompt for an input. These inputs are the basic information required for screening
potential technologies. The technologies shown in the right-hand column are potential solutions for the
selected application. As additional inputs are entered, potential technologies are highlighted and
eliminated technologies are faded.

Click on an item to return to a previous selection.

embankment » Selected Application Construction over Unstable Soils

L LT

unstable sods

return to Q Select Unstable Soil Condition

previous
selection

> Wet and Weak, Fine Grained Soils

b Unsaturated, Loose Granular Saoils

» Saturated, Loose Granular Soils

> ‘oids — Sinkholes, Abandoned Mines, etc.

Froblem Soils and Sites — Expansive, Collapsible, Dispersive, Organic,
Existing Fill, Landfills

“For guidance on combining technologies, see White Paper on Integrated Technologies for
Embankments on Unstable Ground.

9 are found throughout the interactive selection system to provide additional information regarding
each selection.

Technologies

» Aggregate Columns
» Blasting Densification
» Bulk-Infill Grouting

Chemical Grouting/Injection
Systems

» Column-Supported Embankments

> Combined Soil Stabilization with
Vertical Columns

»

» Compaction Grouting

» Continuous Flight Auger Piles
b Deep Dynamic Compaction

b Deep Mixing Methods

b Electro-Osmosis

» Excavation and Replacement

Geosynthetic Reinforced
Embankments

» Geotextile Encased Columns

»

» High-Energy Impact Rollers

» Injected Lightweight Foam Fill
» Jet Grouting

» Lightweight Fill

» Micropiles

» Partial Encapsulation

> Prefabricated Vertical Drains and
Fill Preloading

» Rapid Impact Compaction

L3

m
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Interactive Selection System Technologies
Each screen will prompt for an input. These inputs are the basic information required for screening » Aggregate Columns
potential technologies. The technologies shown in the right-hand column are potential solutions for the » Blasting Densification
selected application. As additional inputs are entered, potential technologies are highlighted and Bulk-Infill Grouting

eliminated technologies are faded.
Chemical Grouting/lnjection

Your selections so far > Systems

» Column-Supported Embankments
Combined Scil Stabilization with

Click on an item to return to a previous selection.

_ » Selected Application | Construction over Unstable Soils ¥ Vertical Columns
. unstable sods 1 » Unstable Soil Condition | Unsaturated, Loose Granular Soils » Compaction Grouting
\ ‘ » Continuous Flight Auger Piles

m

» Deep Dynamic Compaction
» Deep Mixing Methods

Select a response that best represents project conditions e

returnto @ Depth below ground surface requiring treatment. This depth » Excavation and Replacement
* previous could be full-depth treah'_nent of unstable soils or partial- depth Geosynthetic Reinforced
selection treatment of unstable soils. Embankments
» 0-51t Geotextile Encased Columns
> 5_101 p High-Energy Impact Rollers
Injected Lightweight Foam Fill
> 10-30m » Jet Grouting
! > 30-50f Lightweight Fill
I » Greater than 50 ft » Micropiles T
Partial Encapsulation
*For guidance on combining technologies, see White Paper on Integrated Technologies for Prefabricated Vertical Drains and Fill
Embankments on Unstable Ground. Preloading

» Rapid Irhpact Compactionﬂ -
@ are found throughout the interactive selection system to provide additional information regarding s
each selection.

=
-

-i
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Interactive Selection System Technologies
Each screen will prompt for an input. These inputs are the basic information required for screening » Aggregate Columns
potential technologies. The technologies shown in the right-hand column are potential solutions for the » Blasting Densification
selected application. As additional inputs are entered, potential technologies are highlighted and Bulk-Infill Grouting

eliminated technologies are faded.
Chemical Grouting/Injection

Your selections so far ¥ systems

» Column-Supported Embankments

Click on an item to return to a previous selection.
Combined Socil Stabilization with

- » Selected Application  Construction over Unstable Soils ¥ Vertical Columns
. unstable soils 1 » Unstable Soil Condition | Unsaturated, Loose Granular Soils » Compaction Grouting
Ty 5 Depth Below Ground 30-501t » Continuous Flight Auger Piles L
Surface Deep Dynamic Compaction

» Deep Mixing Methods

Select a response that best represents project conditions Electro-Osmosis

Excavation and Replacement

returnto  This completes the screening process. The highlighted technologies on the right Geosynthetic Reinforced
‘ P"TWDUS are the candidate technologies based on these selected inputs. Embankments
selection
| Go to selection summary | [ 7] Geotextile Encased Columns
Only proceed to project specific selection if High-Energy Impact Rollers
you are e;::perlen::ed with selecting and implementing geoconstruction Injected Lightweight Foam Fill
technologies.
0 » Jet Grouting
| Continue to project-specific selection | Lightweight Fill
» Micropiles i
*For guidance on combining technologies, see White Paper on Integrated Technologies for Partial Encapsulation
Embankments on Unstable Ground. Prefabricated Vertical Drains and Fill
Preloading

each selection.

© are found throughout the interactive selection system to provide additional information regarding JEWW - N
_pE



Project Characteristics
The project and site information input into the selection system is summarized below.

Selected Application: Construction over Unstable Soils
Unstable Soil Condition: Unsaturated, Loose Granular Soils
Depth Below Ground Surface: 30 - 50 ft

Potential Technologies
The potential technologies as a result of the project and site information are shown below.

Potential Contribution to
SHRP 2 Renewal Objectives

Degree of Rapid Minimal  Long-Lived
Technology Establishment® Renewal®  Disruption® Facilities™

» Blasting Densification 3 3 2 4

» Column-Supported Embankments 3 5 1 4

» Compaction Grouting 4 3 3 3

» Deep Mixing Methods 3 4 1 4

» Micropiles 4 3 2 3

» Vibrocompaction 5 4 1 4

*See the SHRP 2 R0O2 Technology Ratings Summary for a legend and description of rating development.




Interactive Selection System:
Project-Specific Technology Selection for
Construction over Unstable Soils

Selections Made

The following selections have been made so far. Click on an item to return to a previous selection.

l S — Selected Application. Construction over unsiable soils
' T Unstable Soil Condition: Unsaturated, Loose Granular SoilsE
Construction over unstable sais | Depth Below Ground Surface: 30 - 50 ft [~

Select Project-Specific Characteristics
Answer the following questions that best describe the site conditions. Leave questions blank when the
information is unknown (at this time) or unapplicable. The list on the right will update as selections are

made. Click on the @) for additional information regarding each selection.

e Purpose of Improvement:

————— — Make your selection ————— (=]

0 Additional Purpose of Improvement:

Technologies

» Aggregate Columns
» Blasting Densification

Chemical Grouting/Injection
Systems

» Column-Supported Embankments

Combined Scil Stabilization with
Vertical Columns

Gaompaction Grouting

» Continuous Flight Auger Piles
Deep Dynamic Compaction

» Deep Mixing Methods
Electro-Osmosis
Excavation and Replacement

Geosynthetic Reinforced
Embankments

Geotextile Encased Columns
High-Energy Impact Rollers
» Jet Grouting
Lightweight Fill
» Micropiles

Prefabricated Vertical Drains and Fill
Preloading

Rapid Impact Compaction
» Sand Compaction Piles

Vacuum Preloading with and without
Prefabricated Vertical Drains

» Vibrocompaction

p Vibro-Concrete Columns



PRODUCTS AVAILABLE FOR EACH TECHNOLOGY

(INFORMATION TRANSFER)

Case Histories -

Photographs -

QC/QA

Procedures

Specifications -

——
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Cost

Estimating
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COLUMNX SUPPORTED EMBANKMENT
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Case History Summaries

Initially populated with 1 to 4 per technology
Want more (many more)

Soliciting submission from agency personnel,
researchers, etc.

See Submit a Comment for submittal and
standard format
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SHORED MSE WALL SYSTEMS

DESIGN GUIDANCE-

Preferred Design Procedure:

The Federal Highway Administration (FHWA) has a set of design documents for this technology. The
documents are summarized below.

- 11 Auvailable
Publication Title Pub\l{lg::lon Pl:\lblll'rf]%té?n for
Download
Shored Mechanically Stabilized Earth
(SMSE) Wall Systems Design 2006 RIS SRR Yest
g 06-001
Guidelines

- http://www.geotechnicaldirectory.com/publications/MSE-Wall/MSE-Wall-Design-Manual.pdf

Summary of Design/Analysis Procedure: FHWA Guidelines
Reference(s): Berg, et al. (2009), Morrison, et al. (2006a), Morrison, et al. (2006b),
Morrison, et ai. (2006c), Morrison, et ai. (2007)

The FHWA guideline for the design of shored mechanically stabilized earth wall systems essentially
follows the Morrison, et al. (2006b) method and incorporates the stabilizing effects of the shoring wall
component in the design of the MSE wall component. This allows for a reduction of the reinforcement
length from 0.7 times the height (H) of the wall to approximately 0.3H. In addition, sliding and
overturning modes of failure are not analyzed for the MSE portion of the system as the shoring wall
eliminates the driving forces. The internal stability of the MSE portion of the system considers the
stability of the active wedge of soil based on the cumulative pullout of all layers of reinforcement that
extend behind the failure surface.

The design methodology for a shored MSE wall is based on the design methodology of a regular
MSE wall. After a thorough site investigation is performed, backfill material must be selected. The
design guidelines in Morrison, et al (2006b) can only be used when select granular fill is used for the
reinforced fill zone behind the MSE wall. Select granular material for SMSE walls must not contain
organics or other deleterious materials, should be free draining and have a minimum friction angle of 34
degrees. In addition, the fill material should be free of shale and other soft, poor durability particles and
have a sodium sulfate soundness loss of less than 15 percent after 5 cycles.

Using the results of the site investigation, a preliminary geometric configuration for the MSE wall
system is determined (e.qg., following the FHWA guidelines). This includes the MSE wall width and
height, MSE wall vertical reinforcement type and spacing, shoring wall height, bench width in front of
MSE wall and traffic surcharge load. Once the trial geometric configuration for the MSE wall system is
chosen, the internal stability of the MSE wall component is evaluated. This includes addressing the
failure mechanisms of soil reinforcement rupture and soil reinforcement pullout. This is done by:

e Estimating the location of the critical failure surface using Rankine’s active earth pressure theory;

April 13, 2010 Page 1 of 4
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GEOSYNTHETIC REINFORCEMENT IN PAVEMENT SYSTEMS

COST INFORMATION

Commentary

Typical contract pay items and units of measurement used for geosynthetic reinforcement in
pavements include:

e Geosynthetic (fabric or grid) measured by the square yard in-place.
s Granular material measured by the ton.

The equipment used to construct geosynthetic reinforcement in pavements is common to
highway construction projects; therefore, additional mobilization costs are negligible.

Cost Information Summary

The total labor and equipment cost associated with installation of geosynthetic reinforcement in
pavements 1s minimal. Material cost of the geosynthetic makes up the vast majority of total cost.
Production rates for the installation of geosynthetics are controlled by related construction
activities (e.g. placement of base course(s) and paving). Equipment and labor resources are easily
adjusted to match the production rate of controlling activities with little effect on total cost. The
following table lists construction cost items which are associated with geosynthetic
reinforcement in pavements, along with approximate cost ranges. Cost ranges are based on data
from 2009 through 2010. Readers should carefully examine the project characteristics and
constraints and determine to what degree, if any, these factors may influence the actual cost
associated with constructing geosynthetic reinforcement in pavements.



Cost Information Summary

The total labor and equipment cost associated with installation of geosynthetic reinforcement in
pavements is minimal. Material cost of the geosynthetic makes up the vast majority of total cost.
Production rates for the installation of geosynthetics are controlled by related construction
activities (e.g. placement of base course(s) and paving). Equipment and labor resources are easily
adjusted to match the production rate of controlling activities with little effect on total cost. The
following table lists construction cost items which are associated with geosynthetic
reinforcement in pavements, along with approximate cost ranges. Cost ranges are based on data
from 2009 through 2010. Readers should carefully examine the project characteristics and
constraints and determine to what degree, if any, these factors may influence the actual cost
associated with constructing geosynthetic reinforcement in pavements.

Low High
Quantity Unit Unit Factors Which May Potentially
Pay Item Description Range Unit | Price | Price Impact Costs
e  Geogrids are more expensive than
fabrics

s  Woven fabrics are more
expensive than nonwoven fabrics

¢ Heavier fabrics cost more
Greater Than

Geosynthetic 5.000 SY | $1.00 [ $5.00 | e Smaller dimension grids and
’ heavier grids cost more

e Specified lap widths impact the
total quantity of material required

e Production rates do not
significantly affect unit costs




GEOSYNTHETIC REINFORCEMENT IN PAVEMENT SYSTEMS

COST INFORMATION

Historical Cost Information

A sample of actual project costs is shown in the table below.

Low | High | Average No.
Pay Item Unit | Unit Unit of
Description Quantity | Unit | Price | Price Price Bids Bid Date Source/Agency
Reinf t Grid
OTIE T | 90,023 | sy |$253 | NA | NA 1| 07/29/2009 |  Florida DOT
(Biaxial, Type 2)
; 72,000 SY | $1.00 | $2.40 $1.79 10 06/05/2009
Geogrid Base )
: 28,100 SY | $1.75 | 83.25 $2.21 9 06/12/2009 Arizona DOT
Reinforcement
5,735 SY | $1.60 § $3.50 $2.22 6 09/25/2009
Stabilization 12,320 SY | $146 | $4.80 $2.55 12 03/05/2010 L
. . Michigan DOT
Geotextile, Special 3.210 SY | $245 | $3.25 $2.65 4 10/01/2010
; 32,367 SY | $0.84 | §1.46 $1.15 6 03/25/2010
Geotextile
o 5,200 SY | $1.09 | $2.51 $1.58 8 05/20/2010 | New York DOT
Stabilization
13,459 SY | $1.05 § §2.51 $1.46 7 06/10/2010
Special — Geogrid, )
Type P2 (WT-06) 6,300 SY | $3.36 | §3.52 $3.44 2 07/15/2010 Ohio DOT

Conceptual Cost Estimating Tool

Click here to open a cost estimating spreadsheet for producing a preliminary project scoping
estimate.



Conceptual Estimating Tool - Geosynthetics in Pavem ent Systems

Notes to User:

A. This estimating tool is provided as a means to perform an initial project scoping estimate. Use

for any other purpose is strongly discouraged. The acairagy and reliability of the estimated
costs are highly dependent upon the user inputs, care should be taken to adjust inputs for
specific project dharacteristics. The user assumes all risks associated with the cost estimates

produced by this estirmating tool.

B. Guidance on unit cost ranges and potential impacts on cost is provided in the cost information
summary for each technology. Users are responsible for determining appropriate unit costs,

C. Cells highlighted in "burnt orange" require user input.

D. Cells with "raroon” colored text are automatically caloulated, but may be manually overridden

by the user.

1. Calculate the Surface Area of Geosynthetic Reinforcement

3. Btimated Cost of Geosynthetics in Pavement Systems - Refer to Cost Information Summary for Typical Unit Cost

Ranges and Impacts on Unit Prices

Length (ft): 5280 Unit Cost  Quantity Cost

Width ¢ty 50 Geogyhthetic Reinforcement (\,ﬂdzj: ] 200 29333 % 88,000

Area (ydz): 29333 Granular Material gon)] § 1000 158400 § 158400

Estimated Total Cost of Geosynthetic in Pavement Systems: $§ 246400

2. Estimate the Quantity of Granular Material Estimated Unit Cost of Geosynthetic in Pavement Systems (Slydz): $ 8.40
Thickness of Granular Layer (in): 12
Estimated Density of Granular Material (bt 120
Total Quantity of Granular Material (ton): 15840




Conceptual Estimating Tool - Prefabricated Vertical Drains and Fill Preloading

Notes to User:

A_ Thiz e=timating tool iz provided a= a means to perform an initial project 2coping estimate. Uze
for any cther purpose iz strongly dizcouraged. The accuracy and reliability of the estimated
coets are highly dependent upon the user inputs, care should be taken to adjust inputs for
specific project characteristics. The user azzumes all rizks az=scciated with the cost estimates
produced by thiz estimating tool.

B. Guidance en unit cost ranges and potential impactz on cost i= provided in the cost information
summary for each technology. Users are responsible for determining apprepriate unit costs.

C. Cellz highlighted in "burnt crange” require user input.

D. Cellz with "maroon”™ colored text are automaticalty calculated, but may be manually overridden
by the user.

1. Calculate the Surface Area Where PVDs are to be Installed

Length (ft): 2,

Viidth (ft):
Area (f):

300

(Hil]
150

000

2. Estimate the Total Quantltyr of PVDs to be Installed

wired - Preliminary PVD grid spacing and sv

&. Optional, Estimate the Surcharge Volume Required

Diezio jired - Surcharge volu

ut information regqu f upon the desired

Average Surcharge Length (ft): 2,000
Awerage Surcharge Width (ft): 150
Average Surcharge Height (ft): 10
Total Surcharge Volume (yd®): 111,111

Estimated Longitudinal Grid Spacing of PYDe (ft): 500 7. Estimate Additional Embankment due to Settlement and/or the Surcharge Volume to be
Removed (wasted)
Estimated Transverse Grid Spacing of PWDs (ft): 5.00 it information required - Estimated amount of 2t iz peadsd
Number of PWD= to be Installed: 12,431
Average Depth of PVD Installation (ft): 50 {
Total Quantity of PVD= (If): 521,550 Estimated Settlement (ft): 4
Opticnal, Total Surcharge Volume to be Wasted (yd®): 65,667
3. Estimate the Drainage Layer Quantity - Complet e One of the Options Listed
k] 0 tion reguired - Orainage 5 g volum Estimated Cost of PVDs - Refer to Cost Information Summary for Typical Unit Cost Ranges and Impacts on Unit
" Prices
zranular Materal Uption: Unit Co=t Quantity Co=t
Thickness of Granular Drainage Layer (in}: - Optional, Geosynthetic for Working Platform (yd®)y: | 8 275 33333 [ 8 91 667
Approximate In-Place Densitv of Granular Drainace Laver (k) 110 Optional, Granular Material for Working Platform (ton) [ $ 10.00 0008 50,000
Total Quantity of Granular Drainage Layer (ton): - PWD Unit Price (30f): | § 1.00 521550 | § 621550
OR Mobilization (ump sum): | '§ 15 000.00 118 15,000
Horizontal Strip Drain Option: Granular Drainage Layer (Sfdonpi $ 1800 - iE -
E=stimated Longitudinal Spacing of Horizental Strip Drain (ft): 5 OR
Total Quantity of Herizontal Strip Drain (If}: 80,000 Horizontal Strip Drain (300§ 1.00 800001 5 80,000
Optional Pre-Augered Holes (S | 8 8.00 124310 | & 594 430
4, [S}t;i]:;tlns;e[if;s};?c;ltr:gutjpon Soil Conditions - Estimate the Quantity of Augering Through Surcharge Embankment (Siyd®): 400 1111011 | & 444 .44a
. . . : . ) . Additional Embankment Due to Settlement, Applies if No Surcharge is
Exztimated Thickness of Stiff Soil Requiring Augering (ft): 10 Constructed or if Settlement Exceeds Surcharge Height (Siyd®) 5 4.00 - 3 -
Humber of Augered Holes (ea): 12,431 Surcharge Excavation (S/yd®) and (yvd®):| 8 4.00 65,667 | § 266667
Total Quantity of Augered Holes (If): 124 310 Estimated Total Cost of PVD Installation: § 2,583,808
Estimated Unit Cost of PVD Installation for Area Treated ($/t%): § 8.61
5. If Needed, Estimate the Materials Required for an Initial Working Platform
Length (ft): 2,000
Width (ft): 150
Quantity of Geosynthetic for a Working Platform (yd®): 33,333
Optional, Thickness of Granular Layer for Working Platform (in}: [
Optional, Estimated Density of Granular r.1ater_ial 120
for Working Platform (Ib/ft):
Total Quantity of Granular Material for Working Platform (ton): 9,000




SUMMARY

+» Knowledge base for 46 ground improvement and

g

geoconstruction technologies and a web-based
information and guidance system have been
developed to facilitate and organize this knowledge
so that informed decisions can be made.

The value of the system is that it collects,
synthesizes, integrates, and organizes a vast
amount of critically important information about
ground improvement solutions in a system that
makes the information readily accessible to the
user - and is readily updatable.







GEOTECH TOOLS

ENGINEERING ToOOLS & TECHNOLOGY SELECTION
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