
 

 

Fatma Ciloglu, Ph.D., P.E. 

IRISE ANNUAL MEETING 

MAY 17, 2023 

1 

Landslide Best Practices 
Handbook 
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 Classify the type and form of landslide, 
based on typical landslide movement 
and hazards in southwestern 
Pennsylvania. 

 Identify proven/long-term or reliable 
design approach(es) as well as 
innovative construction methods and 
materials that will provide a more 
resilient infrastructure system 

Project Objectives 
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 Bring forth emerging technology being used in other regions to mitigate landslides 

 Assess/develop a hazard rating & establish a threat priority 

 Differentiate between temporary and permanent mitigation response, including a 
rough cost comparison that can be used for planning use.  

 

(Delano and Wilshusen 2001) 



Project Approach 
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•Chapter 2, Slope Movement Mechanisms 

•Chapter 3, Identification of Failure Prone Mechanisms 
•Chapter 9, Slope Management Systems  

Identify/Track/Monitor Possible Movement 
– Global vs Local (Site Specific) Scale 

•Chapter 4, Landslide Investigation 

•Chapter 5, Problem Definition 

•Chapter 6, Instrumentation and Monitoring 

•Chapter 7, Laboratory Testing 

Investigate 

•Chapter 10, Stabilization and Repair Methods 

•Chapter 11, Economics of Repair Methods 
Assess / Design 

•Chapter 12, Typical Details for Best Practices 

•Chapter 6, Instrumentation and Monitoring 

•Chapter 8, Slope Maintenance Best Practices  

Mitigate / Execute 
(Construction/Maintenance) 

•Chapter 6, Instrumentation and Monitoring Post Action (verification) - Confirm Success 
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Slope Movements Mechanisms 
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Landslide  

The movement of a mass of 
rock, debris, or earth down a 
slope 

 

 Classification of Landslides 

 Definition of Landslide 
Features 

 Causes of Landslides 

 Triggering Mechanisms 
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Landslide Susceptibility 
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(Delano and Wilshusen 2001) 
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Slope Management System 
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 Characterize Hazard, Vulnerability, & Risk 

 Slope Hazard Rating 

 Landslide Inventory(ies) 

 Data Management 

 Decision Making Matrix 

 Risk Reduction 
(knowledge-based action) 

 Emergency Response vs. 
Planned Improvement 
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Slope Management System 
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Slope Management System 
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Best Practice – Remedial Options 
   1. Bypass & reduce consequence (avoidance) 
   2. Monitor + install warning system 
   3. Slope Inventory & Management System 
   4. Make capital improvement & reduce risk of failure 
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Project Flow 
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•Chapter 2, Slope Movement Mechanisms 

•Chapter 3, Identification of Failure Prone Mechanisms 

•Chapter 9, Slope Management Systems  

Identify/Track/Monitor Possible Movement 
– Global vs Local (Site Specific) Scale 

•Chapter 4, Landslide Investigation 

•Chapter 5, Problem Definition 

•Chapter 6, Instrumentation and Monitoring 

•Chapter 7, Laboratory Testing 

Investigate 

•Chapter 10, Stabilization and Repair Methods 

•Chapter 11, Economics of Repair Methods 
Assess / Design 

•Chapter 12, Typical Details for Best Practices 

•Chapter 6, Instrumentation and Monitoring 

•Chapter 8, Slope Maintenance Best Practices  

Mitigate / Execute 
(Construction/Maintenance) 

•Chapter 6, Instrumentation and Monitoring Post Action (verification) - Confirm Success 

University of Pittsburgh | Swanson School of Engineering 



Landslide Mitigation Flowchart 
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Landslide Investigation 
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Desktop Study / Site Reconnaissance 

 

 Review of available data and 
mapping in the region to identify 
landslide prone areas 

 Use site reconnaissance data to 
develop potential triggers or modes 
of failure 

University of Pittsburgh | Swanson School of Engineering 



Landslide Investigation 
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 Perform a purpose driven subsurface investigation; samples for 
laboratory testing, water level readings, and any instrument will be 
installed during the investigation 

 Develop detailed subsurface sections to serve as the basis of design 
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Landslide Investigation 
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 Geophysical Electromagnetic Conductivity to detect changes 
in lithology, zones of saturation 
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Landslide Investigation 
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 Seismic Surface Wave Method (MASW)  - Detect Irregular Bedrock 
Surface 
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Instrumentation & Monitoring 
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 Overview of common instrumentation for landslide 
monitoring including: 

 Surface Monitoring via conventional survey 
 Inclinometers 
 Tiltmeters 
 Crack Gauges 
 Piezometers 

 Description, use, costs, and installation considerations 

 Data Reduction and Forecasting 
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Surface Deformation Monitoring (monthly intervals) 

B-1 to B-2 B-1 to B-3 B-1 to B-4

B-1 to B-5 B-1 to B-6 B-1 to B-7
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Instrumentation & Monitoring 
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 Emerging technology including LiDAR and UAV’s 

 

 (Rossi, 2018) 

 Emerging technology for remote satellite monitoring including inSAR 
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Laboratory Testing 
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 Overview of index 
property and shear 
strength testing to 
inform parameter 
development 

 Coworking relationship 
between practitioner 
and laboratory 

 Data verification 

University of Pittsburgh | Swanson School of Engineering 



Project Flow 
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•Chapter 2, Slope Movement Mechanisms 

•Chapter 3, Identification of Failure Prone Mechanisms 

•Chapter 9, Slope Management Systems  

Identify/Track/Monitor Possible Movement 
– Global vs Local (Site Specific) Scale 

•Chapter 4, Landslide Investigation 

•Chapter 5, Problem Definition 

•Chapter 6, Instrumentation and Monitoring 

•Chapter 7, Laboratory Testing 

Investigate 

•Chapter 10, Stabilization and Repair Methods 

•Chapter 11, Economics of Repair Methods 
Assess / Design 

•Chapter 12, Typical Details for Best Practices 
•Chapter 6, Instrumentation and Monitoring 

•Chapter 8, Slope Maintenance Best Practices  

Mitigate / Execute 
(Construction/Maintenance) 

•Chapter 6, Instrumentation and Monitoring Post Action (verification) - Confirm Success 
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Landslide Stabilization and Repair 
Elimination Methods 
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 Bridging 

 Relocation 

 Removal 
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Landslide Stabilization and Repair  
Control Methods 
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 Retaining Structures 

• Buttresses  

• Slope surface enhancements 

• Shoulder Back-Up and Moment Slabs  

• Single-Face Barriers  

• Gravity Walls  

• Cantilevered Pile Walls  

• Tieback (Ground) Anchors  

• Soil Nails 

• Geosynthetic Reinforced Soil (GRS) 
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Landslide Stabilization and Repair  
Control Methods 
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 Rebalance Ration Between Mobilized Resistance and Driving Force(s) 

• Surface Drainage Improvement  

• Subsurface Drainage Improvement  

• Lightweight Fill (to replace part of the landslide mass)  

• Partial Unloading (at top of slide mass)  

• Slope Flattening  

• Removal and Replacement (of slide mass) 
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Landslide Stabilization and Repair 
Elimination Methods 
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 Emerging Technology 

• Soil Nails and Grillage  

• Cruciform Structure with Anchor Slab 

• Debris-Flow Fence  

• Deep Polymer Injection 

• Bio-Remediation 
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Typical Details 
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Forms / Design Example 
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THANK YOU! 
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Joe Szczur and Gary Euler, University of Pittsburgh; 

Daniel Bain, University of Pittsburgh;  

Jason Bialon, Pennsylvania Turnpike Commission;  

Stephen Shanley, Allegheny County Department of Public 
Works;  

Zeke Lujan, Federal Highway Administration;  

Beverly Miller and Sara Mullaney, PennDOT Central Office;  

Jonathan Moses, PennDOT District 11;  

Roy Painter and T.J. Dellirocili, PennDOT District 12;  

Matthew Geary, DLC 
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Questions and Answers 
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