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

Project R02: 
G t h i l S l ti f  Geotechnical Solutions for 

Transportation Infrastructure

Soil Improvement,p ,
Rapid Embankment Construction, and 
Stabilization of the Working Platformg



What are Geotechnical Solutions?
(Construction Options)(Construction Options)

Geoconstruction and Ground Improvement (GI) 
Methods and Systems 

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

Variety of GI methods, often categorized 
by densification, accelerate consolidation, 
reinforcement or chemical alteration, and 
stabilization



Project Team

SHRP 2 Project Manager

James W. Bryant, Ph.D. P.E.



Advisory Board Members
State DOT Representatives

James Brennan Kansas DOT
David Horhota Florida DOT 
Mark Morvant Louisiana TRC
Hooshmand Nikoui CaltransHooshmand Nikoui Caltrans
David Shiells Virginia DOT 
John Siekmeier Minnesota DOT

Design/Build Contractor Representatives
Allen Cadden Schnabel Engineering
Mike Cowell GeoConstructors, Inc.
Seth Pearlman DGI-Menards, Inc.
Steve Saye Kiewit EngineeringSteve Saye Kiewit Engineering 
Al Sehn Hayward Baker Inc.



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

R02 Project Elements
1 Construction of new embankments and 

roadways over areas of unstable soilsy
2 Widening and expansion of existing 

embankments and roadwaysembankments and roadways
3 Improvement and stabilization of the support 

beneath the pavement structurebeneath the pavement structure



SOLUTIONS ABOVE GRADE

EMBANKMENT

EMBANKMENT

UNSTABLE SOILS

C t ti U t bl S il C t ti STABLE/STABILIZED S il

STABLE SOILS

UNSTABLE SOILS

SOLUTIONS ABOVE OR BELOW GRADE

Construction over Unstable Soils Construction over STABLE/STABILIZED Soils

PAVEMENT SURFACE WORKING PLATFORM SOLUTIONS GROUND SURFACE

SUBGRADE SOILS

BASE

SUBBASE

STABLE
SOILS

UNSTABLE SOILS

UNSTABLE
SOILS

OR

Geotechnical Pavement Components (Base Working Platforms

GEOTECHNICAL PAVEMENT 
COMPONENTS (SOLUTIONS FOR BASE, 
SUBBASE, AND SUBGRADE)

SOILSSOILS 

Geotechnical Pavement Components (Base, 
Subbase, and Subgrade)

Working Platforms



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

SHRP2 RENEWAL Objectives
1  Rapid Renewal of transportation facilities
2 Minimal Disruption of traffic2  Minimal Disruption of traffic
3  Production of Long-Lived facilities



46 TECHNOLOGIES ADDRESSED
Aggregate Columns
Beneficial Reuse of 

Column-Supported 
EmbankmentsBeneficial Reuse of 

Waste Materials
Bio-Treatment for 

Embankments
Combined Soil 
Stabilization with 

Subgrade Stabilization
Blast Densification
Bulk Infill Gr utin

Vertical Columns
Compaction Grouting
C ntinu us Fli ht Bulk-Infill Grouting

Chemical Grouting/ 
Injection Systems

Continuous Flight 
Auger Piles
Deep Dynamic Injection Systems

Chemical Stabilization 
of Subgrades & Bases

Deep Dynamic 
Compaction
Deep Mixing Methods



46 TECHNOLOGIES ADDRESSED (CONT.)

Drilled/Grouted & Hollow 
Bar Soil Nailing

Geosynthetic Reinforcement 
in Pavement Systemsg

Electro-Osmosis
Excavation & Replacement

y
Geosynthetic Separation in 
Pavement Systems
G h   P  Fiber Reinforcement in 

Pavement Systems
Geocell Confinement in 

Geosynthetics in Pavement 
Drainage
Geotextile Encased ColumnsGeocell Confinement in 

Pavement Systems
Geosynthetic Reinforced 

Geotextile Encased Columns
High-Energy Impact Rollers
Hydraulic Fill + Vacuum Geosynthetic Reinforced 

Construction Platforms
Geosynthetic Reinforced 
E b k

y m
Consolidation + PVDs
Injected Light-Weight 
F  FillEmbankments Foam Fill



46 TECHNOLOGIES ADDRESSED (CONT.)

Intelligent Compaction
Jet Grouting

Rapid Impact Compaction
Reinforced Soil SlopesJet Grout ng

Light Weight Fills
Mechanical Stabilization   
f S b d  & B

p
Sand Compaction Piles
Screw-In Soil Nailing
Sh t I  S il N iliof Subgrades & Bases

MSE Walls
Micro-Piles

Shoot-In Soil Nailing
Shored MSE Walls
Traditional CompactionMicro-Piles

Onsite Use of Recycled 
Pavement Materials

Traditional Compaction
Vacuum Preloading w/ & 
w/o PVDs

Partial Encapsulation
PVDs & Fill Preloading

Vibrocompaction
Vibro-Concrete Columns



END USER PRODUCTS
Main product:  Web based information and guidance 
systemy
Development project reports
Within the system, for each of 46 technologies:W th n the system, for each of 6 technolog es

Technology Fact Sheets
Photographs
Case Histories
Design Procedures

/Quality Control/Quality Assurance Procedures
Cost Estimating
SpecificationsSpecifications
Bibliography



AUDIENCE

Public agency personnel at local, state and 
f d l l lfederal levels

Primarily Geotechnical Engineers
Civil/Structural/Bridge Design & Construction 
Engineers, Pavement Design & Construction 
E iEngineers
Project Managers, Procurement, Research, 
Maintenance  District Engineers Maintenance, District Engineers 

Consultants, General Contractors, A/E 
 A d i /St d t  groups, Academics/Students 



GOAL OFGOAL OF
INFORMATION & GUIDANCE SYSTEM

T k t h i l l tiTo make geotechnical solutions more 
accessible to public agencies in the United 

St t f id l d i t fStates for rapid renewal and improvement of 
the transportation infrastructure.

“P j t Vi i ”“Project Vision”



OBJECTIVES OF THE SYSTEMOBJECTIVES OF THE SYSTEM

1  Identify potential technologies for design 1. Identify potential technologies for design 
and construction for the following 
transportation applications: transportation applications: 

Construction over UNSTABLE soils
Construction over STABLE or STABILIZED Construction over STABLE or STABILIZED 
soils
Geotechnical pavement components (base  Geotechnical pavement components (base, 
subbase, and subgrade) 
Working platformsWorking platforms



OBJECTIVES OF THE SYSTEMOBJECTIVES OF THE SYSTEM

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

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

4. Provide an interactive, programmed p g
system

5. Provide current, up to-date informationp



SYSTEM STRUCTURE



VALUE ADDEDVALUE ADDED

Main product:  Web based information and p
guidance system
The primary value of the system is that it 

ll t  th i  i t t  d collects, synthesizes, integrates, and 
organizes a vast amount of critically 
important information about geotechnical important information about geotechnical 
solutions in a system that makes the 
information readily accessible to the 
t nsp t ti n n  p s nn l h  n d it transportation agency personnel who need it 
most. 



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

Information and Guidance System Information and Guidance System 

G T hT lwww.GeoTechTools.org

Expected to be open to public in November 2012
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PRODUCTS AVAILABLE FOR EACH TECHNOLOGY
(INFORMATION TRANSFER)
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Case History SummariesCase History Summaries
• Initially populated with 1 to 4 per technology• 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 formatstandard format





 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. 
 

Publication Title Publication 
Year 

Publication 
Number 

Available 
for 

Download 
Shored Mechanically Stabilized Earth
(SMSE) Wall Systems Design 
Guidelines 

2006 FHWA-CFL/TD-
06-001 Yes1 

1 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), 

M l (2006 ) M l (2007)
 

Morrison, et al. (2006c), Morrison, et al. (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.g., 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 
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G02�GEOTECHNICAL�SOLUTIONS�FOR�SOIL�IMPROVEMENT,�
RAPID�EMBANKMENT�CONSTRUCTION,��
AND�STABILIZATION�OF�PAVEMENT�WORKING�PLATFORM�

�

failure mechanisms of soil reinforcement rupture and soil reinforcement pullout.  This is done by:

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













SUMMARYSUMMARY
Knowledge base for 46 ground improvement and 
geoconstruction technologies and a web based geoconstruction technologies and a web-based 
information and guidance system have been 
developed to facilitate and organize this knowledge developed to facilitate and organize this knowledge 
so that informed decisions can be made. 
The value of the system is that it collects, f y ,
synthesizes, integrates, and organizes a vast 
amount of critically important information about 

d  l     h  ground improvement solutions in a system that 
makes the information readily accessible to the 
user and is readily updatableuser – and is readily updatable.



QUESTIONS?
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