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BOREHOLE EROSION TEST

• Invented in 2014

• Briaud J.-L., Chedid M., Chen H.C., Shidlovskaya A., 2017, “The 
Borehole Erosion Test”, Journal of Geotechnical and 
Geoenvironmental Engineering, Vol 143, Issue 8, ASCE.

• Shidlovskaya A., Bahmani, Briaud J.-L., Chen H.-C., 2023, 
“Improvements in Test Procedure And Data Reduction For The 
Borehole Erosion Test”, Geotechnical Testing Journal Vol. 46, No. 2 
(March/April 2023): 295–315, ASTM.
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1. Drill a borehole (ODrod < 0.75 x ODdrill bit)

2. Remove the drilling equipment

3. Insert a mechanical caliper to the bottom of the hole. 

4. Pull the caliper up the hole recording the borehole diameter (repeat 

this process) – BOREHOLE DIAMETER PROFILE BEFORE FLOW

5. Insert the drilling rods (no bit) and start the flow at a chosen velocity

6. Maintain the flow for 10 minutes at least and record the

flow as a function of time.

7. Remove the drilling rods

8. Insert the caliper and repeat step 4. BOREHOLE DIAMETER PROFILE       

AFTER FLOW

9. Repeat steps 5 to 8 at different velocities as desired

10. Reduce the data
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TESTING PROCEDURE
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𝜏 =
1

8
𝑓𝜌𝑉2

The hydraulic shear stress at the water soil interface (Munson, 2005): 

f = friction factor, depends on ε/Dh and Reynolds number Re
ρ = density of water
V = mean flow velocity (m/s) 

DIAMETER, D

WATER FLOW 
VELOCITY, V

WATER FLOW

ε

D

Re =
𝑉𝐷ℎ
𝜈

v = kinematic viscosity of a fluid, 10-6 m2/s at 20oC
Dh = hydraulic diameter of the annulus space 
between the rods and the borehole wall

1

𝑓
= −1.8 log

𝜀/𝐷ℎ

3.7

1.11

+
6.9

𝑅𝑒 (Haaland, 1983)

1.5annulus pipef f= (Munson, 2009)

Getting the BET shear stress

𝐷ℎ =
4 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑙𝑜𝑤

𝑤𝑒𝑡𝑡𝑒𝑑 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
= 𝐷𝑜 − 𝐷𝑖 Do = outer diameter (borehole)

Di = inner diameter (rods)

Step a. Obtain Reynolds number Re:

Step b. Calculate hydraulic diameter Dh of the annulus space:

Step c. Obtain friction factor for the circular pipe (Moody chart):

𝜀 = roughness depth
𝜀/𝐷ℎ = relative roughness 

Step d. Correct friction factor 9
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Moody chart (1944) for rough pipes Extended Moody chart (Moody 1944; 

modified by Briaud and Shidlovskaya 

2019) for very rough soil surfaces

Extend Moody chart to very rough 
surfaces (for relative roughness ε/D > 0.05).

max ε/Dh=0.05

extended ε/Dh up to 0.5
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Detailed data reduction procedure for the BET.
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BOREHOLE EROSION TEST - BET



EXAMPLE OF BET RESULTS
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Evaluating the BET precision

The BET precision: procedure
Variation in radius r:

❑ Consider two caliper reading profiles (radius r1 and r2 as a function of 
depth) recorded in the field within the same borehole at the end of a flow 
run. 

❑ Calculate the average caliper reading profile as rav = 0.5(r1 +r2) as a 
function of depth.

❑ Calculate the differences Δr1 and Δr2 at any given depth between the 

radius given by each caliper reading (r1 and r2) and the average radius rav

calculated in step 2. 
❑ Calculate the sum of the absolute values of the differences Δr1 and Δr2

over the borehole depth.
❑ The variation Vr is estimated as:

Variation in flow rate Q(t):

❑ The difference between a flow value Q(t) and the average flow value Qav

is calculated for many time values, say every minute.
❑ ΔQ(t) = Q(t) - Qav

❑ The variation is quantified by the ratio of the sum of the absolute values of 
ΔQ(t) over the sum of the flow values for all time values. 
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The BET precision

Results:

❑The out of roundness of

the borehole - 0% to

11.91% with average

1.89%. (Δr/r)av = 1.89%.

❑ The flow variation

during the “constant

flow” - 2.12% to 34.78%

with average 10.31%.

(ΔQ/Q)av = 10.31%
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❑ Continuous profile of erodibility

❑ Commonly available equipment

❑ Calibration of laboratory data

❑ Calibration of numerical simulation

❑ Economically advantageous:

$5,000-$6,000 per 10m borehole

Advantages Limitations

❑ Precision less than laboratory

❑ Less erosion than EFA

❑ Instability of the walls

❑Water permeating walls

BET advantages and limitations. 

Recommendations:

❑ Use BET in parallel with a few EFA

tests

❑ Use BET to identify erodible layers

❑ Collect samples after inspection

of profile

𝜏𝑐 𝐵𝐸𝑇 = 5.6 𝜏𝑐 𝐸𝐹𝐴
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Record 

Numer
Contact / Credit

Date 

conducted

Project 

title / 

Sponser

Sample Name
Sample 

Depth
Soil Type

USCS 

Classificatio

n

Natural / 

Manmade

Quality of the 

data 

(1-3)

Erosion 

Test Type
Erosion Function

Erosion 

Category
KD

Vc 

(m/s)
tc (Pa) Comment LL PL PI ϒ (kN/m3)

W. C. 

(%)

PPT Su 

(tsf)

UCS 

(KPa)

VST Su 

(KPa)

Percent 

Fines (%)

SPT        N-

value
D50 (mm)

D10 

(mm)

D30 

(mm)

D60 

(mm)
Cu Cc Void Ratio

Degree of 

Saturation

Percent 

Compaction (%)
Gs Dispersion Ratio pH

Electrical 

Conductivity 

(micro siemens)

Fluid Temperature 

(C)

Salinity 

(ppm)

Percent Clay 

(%)

Percent Silt 

(%)

Organic 

Content (%)
Soil Activity

Relative 

Density (%)

Density of 

Cracks

1
Dr. Brian Anderson/Auburn 

University, USA
4/15/2012 ALDOT Buccatunna - CLAY

MH (Sandy 

Elastic Silt)
Natural 1 EFA 2.5 TBD 0.39 0.53 Date shown are sampling dates                                       68.0 39.0 29.0 47.9 65 9 0.033 - -

75 Dr. JL Briaud / TAMU, USA 7/12/2000 Yiwen Cao

Porcelain 

salinity\new-7-500-

0-B

- Clay Natural 1 EFA 3 TBD 0.63 1.97 - 36.8 12.8 24.0 24.78 28.90 20 99.5 - - - 500

164 Kiseok / KICT, Korea -
Kwangyan

g Area
Sample 1 - Silt/CLAY CL Natural 1 EFA 3.5 TBD 2.74

1- Unit weights are calculated 

from Gs in room temperature 

2- Blue line means the shear 

stresses corresponding the 

design velocities

3- Mean grain size is manually 

read from the grain distribution 

curve        

46.7 23.7 23.0 26.8 157.7 43.3 87.4 0.012 - - 2.74

167
Kornel Kerenyi / FHWA 

Hydraulic Lab, US
5/2/2013 ?? 1W156 -

Sandy 

silty clay
CL-ML Manmade 1 ESTD 2.9 TBD 4.9

D10, D30, D60 are read from the 

grain distribution plot manually
21.0 16.7 4.3 21.1 15.6 113.764 60.6 0.031 0.003 0.0115 0.07 23.3333 0.62976 44.2 94.6 2.69 20 40 0.53%

251
Stephane Bonelli / IRSTEA, 

France
21/12/00

UNCIV R-

412
BDHET005 - Clay CH Manmade 1 HET 3.2 TBD 2.53

1- Test head is 50 mm. 

2- Duraion of erosion is 1620 sec

3- coefficient of determination 

r2 is 0.842

4- Percent compaction is 95.5%

5- Plot is coming from 300 sec to 

1020 sec

6- D50, D10, D30, D60 are 

manually read from the 

distribution curve

7- Dispersion ratio is coming 

from SCS lab dispersion test

62 31 31.0 16.6 34.6 75 0.0025 - - 0.005 - 95.50% 22% 7.3 109 23 48

308
Stephane Bonelli / IRSTEA, 

France
10/7/2001

UNCIV R-

412
LDHET011 -

Clayey 

silty 

sand

SM Manmade 1 HET 3.8 TBD 14.21

1- Test head is 50 mm. 

2- Duraion of erosion is 330 sec

3- Coefficient of determination 

r2 is 0.976

4- D50, D10, D30, D60 are 

manually read from the 

distribution curve

5- Dispersion ratio is coming 

from SCS lab dispersion test

NP NP #VALUE! 20.1 9.7 29 0.29 - 0.06 0.4 #VALUE! #VALUE! 95.00% 25% 6.5 426 18.1 13

402
Stephane Bonelli / IRSTEA, 

France
12/9/2000

UNCIV R-

412
FTDSET006 -

Sandy 

Clay
CL-CH Manmade 1 SET 3 TBD -13

1- Duraion of erosion is 263 sec

2- Coefficient of determination 

r2 is 0.967

3- D50, D10, D30, D60 are 

manually read from the 

distribution curve

4- Dispersion ratio is coming 

from SCS lab dispersion test

41 19 22.0 18.0 16.4 75 0.029 0.001 0.01 0.049 49 2.04082 93.00% 58% 6.7 239 19.9 14
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• SHAFII I., MEDINA-CETINA Z., SHIDLOVSKAYA* A., BRIAUD J.-L., 2022, 
“Relationship between Soil Erodibility and Soil Properties” Journal of 
Geotechnical and Geoenvironmental Engineering, Vol. 149, Issue 1, 
ASCE.

• SHIDLOVSKAYA A., BRIAUD J.-L., 2023, “Erosion Mitigation Using 
Grass, Riprap, Lime, and Enzymes, Journal of Geotechnical and 
Geoenvironmental Engineering, Vol. 149, Issue 4, ASCE.
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