
Stone Fill Stability Analysis: Example Calculations  

Permissible Shear Stress, τp 

𝜏𝑝 = 𝐹∗(𝛾𝑠 − 𝛾𝑤)𝐷50 

Shield’s Parameter, F* 

Particle Reynolds Number F* 

Rep ≤ 4x104 0.047 

4x104< Rep ≤ 2x105 Linear Interpolation  

Rep ≥ 2x105 0.10 

 

Particle Reynolds Number, Rep 

𝑅𝑒𝑝 =
𝑈∗𝐷50

𝜈
 

 

Shear Velocity, U* 

𝑈∗ = √𝜏𝑏
𝜌𝑤

⁄ =  √𝛾𝑤𝑦𝑆
𝜌𝑤

⁄  

 

𝜏𝑏 − 𝑏𝑒𝑑 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑒𝑠𝑠 (𝑝𝑠𝑓) 

𝜏𝑝 − 𝑝𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑠𝑠(𝑝𝑠𝑓) 

𝐹∗ − 𝑆ℎ𝑖𝑒𝑙𝑑′𝑠 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 

𝑈∗ − 𝑠ℎ𝑒𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑓𝑝𝑠) 

𝑔 − 𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛, (32.2
𝑓𝑡

𝑠2
) 

𝑦 − 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑓𝑙𝑜𝑤 𝑑𝑒𝑝𝑡ℎ (𝑓𝑡) 

𝑆 − 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑟 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑠𝑙𝑜𝑝𝑒 (
𝑓𝑡

𝑓𝑡
) 

𝜈 − 𝑘𝑖𝑛𝑒𝑚𝑎𝑡𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦, (1.217𝑥10−5  
𝑓𝑡2

𝑠⁄  @ 600𝐹) 

𝐷50 − 𝑠𝑡𝑜𝑛𝑒 𝑠𝑖𝑧𝑒 𝑓𝑜𝑟 𝑤ℎ𝑖𝑐ℎ 50 𝑝𝑒𝑟𝑐𝑒𝑛𝑡, 𝑏𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑒𝑑 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑖𝑠 𝑠𝑚𝑎𝑙𝑙𝑒𝑟 (𝑓𝑡) 

𝛾𝑤 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 (62.4
𝑙𝑏

𝑓𝑡3
) 

𝛾𝑠 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑡𝑜𝑛𝑒 (165.36
𝑙𝑏

𝑓𝑡3
) 

𝜌𝑤 − 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 (1.94
𝑠𝑙𝑢𝑔𝑠

𝑓𝑡3
) 



Stone Fill Stability Analysis: Example Calculations  

Example 1 – Bed Shear Stress Known 

Givens:  

Max bed shear was extrapolated from hydraulic model such as SRH-2D, HEC-RAS, or HY-8.  

𝜏𝑏 = 3 𝑝𝑠𝑓 

Check:  

Will E-Stone Type I be stable?  

D50 = 1-ft 

𝑈∗ = √𝜏𝑏
𝜌𝑤

⁄ =  
√

3𝑝𝑠𝑓

1.94
𝑠𝑙𝑢𝑔𝑠

𝑓𝑡3
⁄

= 1.55 𝑝𝑠𝑓 

𝑅𝑒𝑝 =
𝑈∗𝐷50

𝜈
=

1.24𝑝𝑠𝑓 ∗ 1𝑓𝑡

1.217𝑥10−5  
𝑓𝑡2

𝑠⁄
= 127362.37 

𝐹∗ = 0.047 +
(127362.37 − 4𝑥104)(0.1 − 0.047)

2𝑥105 − 4𝑥104
 

𝐹∗ = 0.076 

𝜏𝑝 = 𝐹∗(𝛾𝑠 − 𝛾𝑤)𝐷50 = 0.076 ∗ (165.36 − 62.4) ∗ 1 

𝜏𝑝 = 7.81 𝑝𝑠𝑓 

𝜏𝑝 > 𝜏𝑏 , 𝑆𝑡𝑎𝑏𝑙𝑒 

 

 

 

 

 

 

 

 

 

 

 

 



Stone Fill Stability Analysis: Example Calculations  

Example 2 – Max Flow Depth and Channel Slope Known  

Givens:  

Max flow depth was determined using Manning’s equation, SRH-2D, HEC-RAS, HY-8, etc.  

y – 4ft  

S – 0.03 ft/ft  

Check:  

Will E-Stone Type I be stable?  

D50 = 1-ft 

𝜏𝑏 =  𝛾𝑤𝑦𝑆 = 62.4 ∗ 4 ∗ 0.03 = 7.49 𝑝𝑠𝑓 

 

𝑈∗ = √
𝜏𝑏

𝜌𝑤
⁄ =  

√
7.49𝑝𝑠𝑓

1.94
𝑠𝑙𝑢𝑔𝑠

𝑓𝑡3
⁄

= 1.96 𝑝𝑠𝑓 

𝑅𝑒𝑝 =
𝑈∗𝐷50

𝜈
=

1.96𝑝𝑠𝑓 ∗ 1𝑓𝑡

1.217𝑥10−5  
𝑓𝑡2

𝑠⁄
= 161432.69 

𝐹∗ = 0.047 +
(161432.69 − 4𝑥104)(0.1 − 0.047)

2𝑥105 − 4𝑥104
 

𝐹∗ = 0.087 

𝜏𝑝 = 𝐹∗(𝛾𝑠 − 𝛾𝑤)𝐷50 = 0.087 ∗ (165.36 − 62.4) ∗ 1 

𝜏𝑝 = 8.96 𝑝𝑠𝑓 

𝜏𝑝 > 𝜏𝑏 , 𝑆𝑡𝑎𝑏𝑙𝑒 

 


