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SPC 



Landslides: 

Impacts on Transportation Infrastructure 





Financial Impact of Landslides on Transportation 

in the Region 

• 2019 (current TIP) has $70 million in slide remediation 

projects and line items. 

 

• 250 active slides in the District 12. Estimated repair cost 

exceeds $100 million  

 

• 123 active slides in District 11. Estimated repair cost 

exceeds $91 million. 

 

• In the 2019 Long Range plan we show several landslide 

reserves totaling $275 million for the life of the plan  

 



Current TIP  

Slide Remediation Projects  



Emphasis on Resiliency at Federal and State Level 

• New Federal Transportation 
Planning Factor that MPOs shall 
consider and implement 

– “Improve resiliency and 
reliability of the transportation 
system and reduce or mitigate 
stormwater impacts of surface 
transportation” 

 

• Metropolitan Transportation 
Planning (Section 1201):  

– Purpose statement for MPO 
Planning adds “Take into 

consideration resiliency needs” 

 

 

 

 
 

 

 
 

 





Strategy Implementation –  

Landslide Susceptibility Mapping 

 

Advantages of the Methodology 

• Significant time savings 

• Applicable to a regional or 

county level 

• Utilized existing datasets 

• Previously utilized in a very 

similar way by MNDOT  
 



SPC Applications 

of the Landslide Susceptibility Model 

• Help assess vulnerability of the current transportation 

network and anticipate potential impacts. 

• Integrating resiliency elements into our TIP development 

process, assessing our TIP Candidate projects against the 

landslide model.  

• Identify opportunities and adaptation strategies - May 

be able to address some slide-prone areas proactively 

where we have projects.  
 

To better anticipate the consequences and 
potential impacts of extreme weather events 
on existing infrastructure; 
To identify priorities for improving the 
transportation system resiliency; 
To identify potential adaptation strategies to 
reduce risk; 



Applying Coulomb’s Law of Friction to Soil Stability 

Where: 
FS= factor of safety  Ĉ=Apparent cohesion  θ=the slope angel 
H= ground water level  γ=unit weight of soil under normal condition 
γsat = is the specific weight of saturated soil γw=the specific weight of water  
𝜑 =effective internal angle of friction 
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h is the level of water which can be used 

estimate amount of precipitation that can cause 
soil instability 



Calculating Critical Head of Water 

Hcr =

Ĉ
𝛾𝑤

− 𝑆𝐺. 𝑍. 𝑐𝑜𝑠2𝜃(𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑  

𝑐𝑜𝑠2𝜃 (𝑆𝐺𝑠𝑎𝑡 − 𝑆𝐺 𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑 + 𝑡𝑎𝑛𝜑  
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Where: 
1. θ=the slope angel     2.𝜑 =effective internal angle of friction 
3. Ĉ=Apparent cohesion   4. SG= Specific gravity of soil   
5.SGsat =Saturated specific gravity of soil  6.Z= Soil Layer Depth 

 

Derived by Okimura 1985 
Natural Disaster Science 
Magazine 



Internal Friction Angle 

Hcr =

Ĉ
𝛾𝑤

− 𝑆𝐺. 𝑍. 𝑐𝑜𝑠2𝜃(𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑  

𝑐𝑜𝑠2𝜃 (𝑆𝐺𝑠𝑎𝑡 − 𝑆𝐺 𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑 + 𝑡𝑎𝑛𝜑  
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6 Friction Angle is one of two Factors that gives the soil its 

shear strength. This strength is due to friction between soil 
particles 



Cohesion 

Hcr =

Ĉ
𝛾𝑤

− 𝑆𝐺. 𝑍. 𝑐𝑜𝑠2𝜃(𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑  

𝑐𝑜𝑠2𝜃 (𝑆𝐺𝑠𝑎𝑡 − 𝑆𝐺 𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑 + 𝑡𝑎𝑛𝜑  
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6 Cohesion is one of two factors that gives the soil its shear 

strength. It is due to Electrostatic attraction between fine soil 
particle. 



Soil Specific Gravity & Saturated Specific Gravity 

Hcr =

Ĉ
𝛾𝑤

− 𝑆𝐺. 𝑍. 𝑐𝑜𝑠2𝜃(𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑  

𝑐𝑜𝑠2𝜃 (𝑆𝐺𝑠𝑎𝑡 − 𝑆𝐺 𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑 + 𝑡𝑎𝑛𝜑  
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Specific Gravity of soil is Ratio between the density of soil and 
the density of Water: 

From SSURGO Database 

SGsat= 𝑺𝑮 + (ɳ − 𝝑𝑭𝑪) 

ɳ = 1 −
𝑆𝐺

2.65
 

Based on soil 
surface texture 

Z = 6 FT 
More realistic results than other values 



Calculating Critical Head of water Hcr & F (Rain Infiltration) 

Hcr =

Ĉ
𝛾𝑤

− 𝑆𝐺. 𝑍. 𝑐𝑜𝑠2𝜃(𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑  

𝑐𝑜𝑠2𝜃 (𝑆𝐺𝑠𝑎𝑡 − 𝑆𝐺 𝑡𝑎𝑛𝜃 − 𝑡𝑎𝑛𝜑 + 𝑡𝑎𝑛𝜑  
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𝐹 = 𝐻𝑐𝑟𝑐𝑜𝑠
2𝜃(ɳ − 𝝑𝐹𝐶) 

Take into consideration 
field capacity status of 

soil 



Comparing storm precipitation to maximum water Infiltration 

𝐻𝑐𝑟 − 𝑆𝑡𝑜𝑟𝑚 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 (𝑖𝑛 𝑖𝑛𝑐ℎ𝑒𝑠) 

𝐶𝑟𝑒𝑎𝑡𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝑠 𝑓𝑜𝑟 

25 Year Strom (inches)  Ą Very High Susceptibility 
50 Year Strom (inches)  Ą High Susceptibility 
100 Year Strom (inches) ĄModerate Susceptibility 
200 Year Strom (inches) ĄLow Susceptibility 
1000 Year Strom (inches) ĄVery Low Susceptibility 

− = 



Example of Model Results 



Current TIP Slide  

Remediation Projects 
 

• Current Slide Remediation 

Projects in Beaver County 

on the current 2019 TIP 

• 9 projects ($5.8 million) 

Zoom 



Zoom area 

• Model predicting 

well where slides 

occurred. 



Analysis of 

Potential Impact by  

Network (Interstate) 

 

• What networks and 

corridors have the highest 

exposure and vulnerability 

to landslides? 

• Where are the critical 

potential impact areas? 

• Where do we need to 

possibly update detour 

routes and contingency 

plans. 

 



Analysis of 

Potential Impact by  

Network (NHS) 

 

• What networks and 

corridors have the highest 

exposure and vulnerability 

to landslides? 

• Where are the critical 

potential impact areas? 

• Where do we need to 

possibly update detour 

routes and contingency 

plans. 

 



12-Year Program  

Projects 

• Looking at mid-range 
program of planned 
projects. Do we have any 
upcoming projects in our 
most critical vulnerable 
areas? 

• What upcoming projects 
have the best prospects for 
implementing adaptation 
strategies in to the project 
scope. 

• Where is the best place to 
invest in any proactive 
adaptation measures.  

• TIP candidate projects 
where project scopes and 
costs may need to be 
modified.  



Other Potential Applications 

 

 

To better anticipate the consequences and 
potential impacts of extreme weather events 
on existing infrastructure; 
To identify priorities for improving the 
transportation system resiliency; 
To identify potential adaptation strategies to 
reduce risk; 

Sharing this data and collaborating with our 
PennDOT districts and our member planning 
departments for assistance in: 
 

•  Landslide data portals (Allegheny) 
•  Hazard Mitigation Planning 
•  Development review 
•  Comprehensive Planning 
•  Detour preparedness and evaluation 
•  Identifying areas for more in-depth    
     prioritizing/mitigation. 
 



Thank You 

 

 

To better anticipate the consequences and 
potential impacts of extreme weather events 
on existing infrastructure; 
To identify priorities for improving the 
transportation system resiliency; 
To identify potential adaptation strategies to 
reduce risk; 


