
Introduction



Wildfire Mechanisms



Pre-Wildfire 

• unburned soils are less prone to erosion 
because they contain a high-water 
infiltration rate, which significantly reduces 
the runoff water at the soil surface 

• forest canopy and litter layers protect the 
soil from the erosion power of heavy 
rainfall by anchoring the soil in place

• The litter layers and canopy above grade 
also work together to reduce the velocity 
of runoff water. They act as partitions that 
increase the retention time of precipitated 
water in a “single” area, thus, allowing the 
soil to absorb more water.  



Post-Wildfire 

• Susceptibility to erosion is much higher due to low 
infiltration rates, flooding, and runoff water 
velocities increasing during a heavy rainstorm 

• Primarily, because the “exposure of organic matter 
in the shallow soil layers to high temperatures 
produces gasses that make soil grain surfaces 
hydrophobic” (Movasat and Tomac).

• Hydrophobicity or “water repellency” reduces the 
soils ability to absorb water, which exposes the soil 
surface to raindrop impact and splash. 

• Runoff storm water and detached soil particles are 
the perfect recipe for mudflows.



Debris/Mud flow warning 
signs

• Springs, seeps, or saturated ground in areas that have not typically 
been wet before. 

• New cracks or unusual bulges in the ground, street pavement or 
sidewalks. 

• Soil moving away from foundations.
• Broken water lines and other underground utilities. 
• Rapid increase in creek water levels, accompanied by increased 

turbidity. 
• Sudden decrease in creek water levels though rain is still falling or 

just recently stopped. 
• Unusual sounds, such as tree crackling or boulders knocking 

together. 



Landslide types

• Slides (translational and rotational)
• Flow or creep
• Fall 
• Toppling



Case Study 1

• 2018 Thomas Fire in Montecito, Ca

• 21 Fatalities

• $200 million in damage



On Site Investigations

• On site investigations of the field conditions 
post-fire revealed that the entire vegetative 
cover of the area was lost and that the 
properties of the soil above grade changed 
due to the blazing temperatures.

• The amount of debris flow that followed 
after also widened the creek from “2 to 3 m 
to 20 to 40 m” (Tiwari).



On Site Investigations

• Debris then overflowed into the 
community, onto local roads and 
highways, and about 100 m into 
the Pacific Ocean.



Laboratory Test

• A sieve analysis (ASTM 
D6913/6918 M) of the grain size 
distribution of the parental soil 
revealed that the “fine contents 
were approximately 10. 
• Atterberg limit test (ASTM 
D4318) indicated that the parent 
soil has a L.L of 42% and a P.I of 
5%. 
• The soils were classified as SP-
SP and SW-SM per the USCS 
classification system



Laboratory 
Test

• The results indicate that the residual shear strength of the ash was less 
than one third of the original strength of the soil. The extremely low residual 
shear strength of the ash deposited on the soil matrix indicates that once a 
slope fails and the debris mass runs over the ash deposit, the debris mass can 
easily increase in velocity and momentum to move down the slope and travel 
large distances very quickly



Case Study 1 
Conclusion

• Blazing temperatures not only changed 
the soil properties and vegetation above 
grade, they also left an uneven distribution 
of ash deposits on the ground, which 
resulted in a lower hydraulic conductive 
soil. 
• The ash deposits reduced the residual 

shear strength of the soil by one-third of 
the original soil strength making the soil 
much more prone to slope failure after an 
intense rain fall. 



Case Study 2

• La Conchita, Ca
• 1995 and 2005 Slope Failures



Pre-1995 Landslide 
Investigations 

• In 1988, Geotechnical consultants mapped the area and recommended 
that the surface drainage, subsurface dewatering, and flattened slopes 
be improved.

• This led to the installation of hydraugers on Ranch Road, which crosses 
the slope diagonally.

• In 1993, the consultants estimated a factor of safety of 1.1, and 
recommended that that factory of safety be brought to 1.5 by 1) Further 
flattening the slopes and, 2) Unloading the slopes. 

• Eventually, the road experienced lateral and vertical movements, which 
called for the drilling of boring samples and the installation of 
piezometers

• The boring samples revealed thick gravel deposits, which made the soil 
prone to seepage flow.



Post-1995 Landslide Investigations 

• Additional boring samples were taken and new measurement instrumentations like tiltmeters, pipeline strain 
gauges, and slope inclinometers were installed.

• Various consultants proposed grading the slope to a 2.5:1 ratio (horizontal:vertical) for lower debris and 1.5:1 for 
upper debris.

• Furthermore, a winterization plan was proposed, which involved the installation of surface drains and drainage 
barriers, and the filling of cracks to reroute the drainage to and from the Ranch Road. 

• Draining surface flow across the slope failure facilitated, through infiltration, the long-term saturation of the mid 
to lower slide mass. In order to restore traffic along Ranch Road, the county built a nondraining solider pile and 
lagging wall, which ultimately created a dam effect due to the buildup of hydrostatic pressures. 



Post-2005 
Landslide 
Investigations 



Case Study 2 Conclusion



Equations
• The stress is given by z.”  𝛕 𝐳 = 𝛒𝐝𝐞𝐛𝐫𝐢𝐬𝐠 𝐃 − 𝐳 𝐬𝐢𝐧𝛂
Where D is the total depth of flow and α is the slope angle. Note this form of the shear stress equation is universal for cases where you 
need to measure from the bed up, instead of the surface down.
If a flow, that was moving, has stopped, then the shear stress at the bed is approximately the critical shear stress: 𝛕𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥 =𝛒𝐝𝐞𝐛𝐫𝐢𝐬𝐠𝐃𝐬𝐭𝐨𝐩𝐩𝐞𝐝𝐬𝐢𝐧𝛂

• The critical shear stress is also related to the thickness of the relatively non-shearing plug flow region:
𝛕𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥 = 𝛒𝐝𝐞𝐛𝐫𝐢𝐬𝐠𝐃𝐩𝐥𝐮𝐠𝐬𝐢𝐧𝛂𝐟𝐥𝐨𝐰𝐢𝐧𝐠

• For Velocities in the flow,  if the effective viscosity and the thickness of the viscous zone are known, the velocity at any level in the 
flow is given by:

𝛎𝐱 𝐳 = 𝛒𝐠 𝐬𝐢𝐧𝛂
𝛍

𝐃𝐯𝐢𝐬𝐜𝐨𝐮𝐬𝐳 −
𝐳𝟐

𝟐
which is valid from 0 < z < 𝐃𝐯𝐢𝐬𝐜𝐨𝐮𝐬

𝛎𝐱 𝐳 = 𝛒𝐠 𝐬𝐢𝐧𝛂
𝟐𝛍

𝐃𝐯𝐢𝐬𝐜𝐨𝐮𝐬𝟐 which is valid from 𝐃𝐯𝐢𝐬𝐜𝐨𝐮𝐬 < z < 𝐃𝐭𝐨𝐭𝐚𝐥 Note: constant velocity 

• OR, in terms of the total thickness and the critical shear stress:

𝛎𝐱 𝐳 = 𝛒𝐠 𝐬𝐢𝐧𝛂
𝛍

𝐃𝐭𝐨𝐭𝐚𝐥𝐳 −
𝐳𝟐

𝟐
− 𝛕𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥

𝛍
𝐳. Which is valid from 0 < z < 𝐃𝐯𝐢𝐬𝐜𝐨𝐮𝐬

• The thickness of the viscous zone is given by:  𝐃𝐯𝐢𝐬𝐜𝐨𝐮𝐬 = 𝐃𝐭𝐨𝐭𝐚𝐥 −
𝛕𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥
𝛒𝐠𝐬𝐢𝐧𝛂

• The surface velocity, or the velocity of the plug is given by
𝛎𝐬 𝐬𝐮𝐫𝐟𝐚𝐜𝐞 = 𝛒𝐠 𝐬𝐢𝐧𝛂

𝟐𝛍
𝐃𝐯𝐢𝐬𝐜𝐨𝐮𝐬𝟐



(“BAER”)
Burned
Area 
Emergency 
Rehabilitation 
treatments

• Reseeding, planting quick growing vegetation in the area so that 
the dense and fibrous root systems of the plants/grasses anchor 
the soil down. In addition, it creates longer water retention time 
above grade, which gives the soil enough time to absorb water.

• Mulch is also another technique that geotechnical engineers 
have used to control erosion. Adding mulch to the soil improves 
the retention of moisture, which in turn, allows vegetation to 
grow. 

• A secondary control measure used to decrease the streamflow 
rate in channels and streams involves disrupting the flow rate 
through the channels by introducing different materials that acts 
as flow resisters. Resisting the flow of water also allows the 
channels to store sediments.

• Embedding contour logs into the soil allows the water content to 
build up and thus, allowing the soil to absorb the water.

• Silt fencing essentially traps and removes sediment from runoff 
water, which decreases the accumulation of material during 
runoff and hence, reducing the risk of a mudslide. 



Conclusion



Thank you


