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Introduction 

Critical shear stress is the stress 
exerted by flowing water that 
initiates soil erosion. It is a 
required parameter for estimating 
scour around structures. The 
current state of practice for 
estimating critical shear stress in 
cohesive soils is to assume a minimum value based on experiments with 
cohesionless, coarse-grained soils. The most accurate method for determining 
the critical shear stress is to directly measure it with a laboratory or in situ 
erosion device. Unfortunately, erosion testing requires highly specialized 
equipment not available to many Departments of Transportation. Therefore, the 
objective of this study was to develop an empirical equation for estimating the 
critical shear stress in cohesive soils with commonly measured geotechnical 
properties.  

Project Description 

This study is unique because electrical resistivity, a common near surface 
geophysical method that was previously correlated with soil erodibility, was 
used as a geotechnical property. A total of 26 scour critical bridges with 
cohesive soils were selected for this study; five soil samples were collected at 12 
of the sites in K-TRAN: KSU-15-4. At least one soil sample was collected from 
the remaining 15 sites to broaden the soil erosion characteristics for model 
development. Erosion testing was performed in an Erosion Function Apparatus 
and 13 independent variables (geotechnical properties) were measured. Multiple 
variable screening criteria identified the percent passing the No. 200 sieve, 
liquid limit, and electrical resistivity as the statistically significant variables to 
predict critical shear stress. A probabilistic analysis was used to develop design 
factors selected by the engineer for implementing the model to predict abutment 
scour. Finally, the critical shear stress model was validated in a blind study 
using a bridge site selected by KDOT. This report presents the model 
development, design factors, study recommendations, and two examples for 
implementation.  

A soil box for laboratory resistivity 
measurements 



Project Results 

A new model for predicting critical shear stress in cohesive soils was developed. A literature review 

was conducted to identify the soil properties thought to influence cohesive soil erosion. Thirteen 

properties were selected based on this review. Ultimately percent fines, liquid limit, and electrical 

resistivity were found as statistically significant independent variables for the model.  

The new model is capable of predicting critical shear stress between 0.006 and 0.66 lb/ft2 and the 

model is applicable for samples with percent fines between 11 and 100, liquid limit between 26 and 80, 

and electrical resistivity between 6 and 328 Ω-m. A design factor was developed as a function of 

probability of over predicting the critical shear stress. This factor should be selected by the engineer 

based on the project need and the level of uncertainty they are willing to accept. It is recommended that 

the new design equation be used for estimating the critical shear stress for abutment scour in cohesive 

soils in Kansas.  

Project Information 

For information on this report, please contact Stacey Kulesza, Ph.D., P.E.; Kansas State University, 

2122 Fiedler Hall, Manhattan, KS 66506; 785-532-5862; sekulesza@k-state.edu. 
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Directions for Downloading the Full Report 

To download the full report, visit https://kdotapp.ksdot.org/kdotlib/kdotlib2.aspx and do the following: 

1. Enter KS-21-01 in the search box.

2. Click the Search button to the right of the search box.

3. You may have to scroll to find the specific report.

4. To download the report, click on the title of the report to open the PDF file and save it to

your hard drive.

If you have any questions, please email us at KDOT#Research.Library@ks.gov. 
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