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Channel and slope surface 
stability
Focus on selecting a rolled erosion control 
product (RECP) for use in channels and on 
slopes
Two types of  RECPs:

– Erosion control blankets (ECB)
– Turf  reinforcement mats (TRM)

RECP manufacturers typically provide design 
data and recommendations for their products
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Channel stability
Channel stability
design:

– Permissible 
velocity

– Allowable tractive 
force (shear stress)
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Channel stability
Allowable shear stress design steps:
1. Obtain flow rate, Manning’s , and channel 

dimensions

2. Calculation of  flow depth, 

3. Calculate maximum shear stress, ௗ

4. Compare maximum shear stress with allowable 
shear stress
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Channel stability
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Source: NRCS (1986). Urban Hydrology for Small Watersheds. USDA Soil Conservation Service, TR-55, 156 pgs. 



Channel stability
Design shear stress:

ௗ
Where,
ௗ = shear stress in channel at maximum depth 

(design stress) (lb/ft2)
= unit weight of  water (62.4 lb/ft3)
= depth of  flow in channel (ft)
= channel slope (ft/ft)

8



Channel stability
Permissible soil shear stress, ௣,௦௢௜௟
(noncohesive soils):

If  ଻ହ<0.05 in., ௣,௦௢௜௟ = 0.02 lb/ft2

If  0.05 < ଻ହ< 2 in., ௣,௦௢௜௟ = 0.4( ଻ହ) lb/ft2
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Channel stability
Permissible soil shear stress (cohesive soils):

௣,௦௢௜௟ ଵ
ଶ

ଶ ଷ ସ ହ
ଶ
଺

Where,
௣,௦௢௜௟= permissible shear stress on the soil surface 

(lb/ft2)
= plasticity index

= void ratio
ଵ ଶ, ଷ, ସ, ହ, ଺= coefficients
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Coefficients for permissible soil shear stress
ASTM Soil 

Classification Typical names
Applicable 

Range c1 c2 c3 c4 c5 c6

GM
Silty gravels, gravel-sand silt 
mixtures

10 ≤ PI ≤ 20 1.07 14.3 47.7 1.42 -0.61 1 x 10-4

20 < PI 0.0 0.0 0.076 1.42 -0.61 1.0

GC
Clayey gravels, gravel-sand-clay 
mixtures

10 ≤ PI ≤ 20 0.0477 2.86 42.9 1.42 -0.61 1 x 10-3

20 < PI 0.0 0.0 0.119 1.42 -0.61 1.0

SM Silty sands, sand-silt mixtures
10 ≤ PI ≤ 20 1.07 7.15 11.9 1.42 -0.61 1 x 10-4

20 < PI 0.0 0.0 0.058 1.42 -0.61 1.0

SC
Clayey sands, sand-clay 
mixtures

10 ≤ PI ≤ 20 1.07 14.3 47.7 1.42 -0.61 1 x 10-4

20 < PI 0.0 0.0 0.076 1.42 -0.61 1.0

ML
Inorganic silts, very fine sands, 
silty or clayey fine sands

10 ≤ PI ≤ 20 1.07 7.15 11.9 1.48 -0.57 1 x 10-4

20 < PI 0.0 0.0 0.058 1.48 -0.57 1.0

CL
Inorganic clays of  low to 
medium plasticity (lean clays)

10 ≤ PI ≤ 20 1.07 14.3 47.7 1.48 -0.57 1 x 10-4

20 < PI 0.0 0.0 0.076 1.48 -0.57 1.0

MH Inorganic silts, elastic silts
10 ≤ PI ≤ 20 0.0477 14.3 10.7 1.38 -0.373 1 x 10-3

20 < PI 0.0 0.0 0.058 1.38 -0.373 1.0

CH
Inorganic clays of  high 
plasticity (fat clays) 20 < PI 0.0 0.0 0.097 1.38 -0.373 1.0

Source: Temple, D. M., Robinson, K. M., Ahring, R. M., and Davis, A. G. (1987). Stability design of  grass-lined open channels. USDA Ag. 
Handbook 667, 176 pp. and Kilgore, R. T. and Cotton, G. K. (2005). Design of  roadside channels with flexible linings. FHWA-NHI-05-114 
Hydraulic Engineering Circular Number 15, 3rd Edition, 153 pp.
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Typical Permissible Shear Stresses 

Lining Category Lining Type
Permissible Shear Stress 

(lb/ft2)

Bare soil – Cohesive
(PI = 10 and e = 0.5)

Clayey sands 0.037 – 0.095
Inorganic silts 0.027 – 0.11

Silty sands 0.024 – 0.072

Bare soil – Cohesive
(PI > 20 and e = 0.5)

Clayey sands 0.094
Inorganic silts 0.083

Silty sands 0.072
Inorganic clays 0.14

Bare soil – Non-cohesive
(PI < 10)

D75 < 0.05 in 0.02
D75 = 0.3 in 0.12
D75 = 0.6 in 0.24

Riprap
D50 = 6 in 2.4
D50 = 12 in 4.8

Source: Kilgore, R. T. and Cotton, G. K. (2005). Design of  roadside channels with flexible linings. FHWA-
NHI-05-114 Hydraulic Engineering Circular Number 15, 3rd Edition, 153 pp.



Channel stability
Kilgore and Cotton method (HEC-15):

– Initial construction (unvegetated state) 

௣,ோா஼௉
ௗ,ோா஼௉

௣,௦௢௜௟

Where,
௣,ோா஼௉= permissible shear stress on the RECP/soil 

(lb/ft2)
ௗ,ோா஼௉= manufacturer’s design permissible shear 

stress for the RECP (lb/ft2)
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Channel stability
ECBs and TRMs:

– Compare permissible shear stress on the 
RECP/soil with design stress 

௣,ோா஼௉ ௗ

– Should also evaluate channel under partially and 
fully vegetated condition
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Slope surface stability
Design steps:
1. Determine flow depth on slope

2. Calculate maximum shear stress on slope

3. Calculate effective shear stress on the soil

4. Determine minimum Manning’s roughness needed

5. Determine maximum C value

15



Slope surface stability
Sheetflow depth:

଴.ହ

ଷ ହ⁄

Where,
ݕ = sheetflow depth (ft)
ݍ = unit width flow rate (ܳ/ܹ: the total flow rate, divided by 

the slope width in ft)
݊ = sheet flow roughness coefficient for a fully vegetated slope 

surface 
ݏ = slope (ft/ft)
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Slope surface stability
Sheetflow shear stress:

ௗ

Where,

ௗ = maximum shear stress on slope (lb/ft2)
= unit weight of  water (62.4 lbs/ft3)
= sheetflow depth (ft)
= slope (ft/ft)
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Slope surface stability
Effective shear stress on the soil:

௘ ௗ ௙
௦ ଶ

Where,
௘= effective shear stress on the soil surface (lb/ft2)
ௗ= design shear stress (lb/ft2)
௙= grass cover factor
௦= soil grain roughness
= overall lining roughness
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Slope surface stability
Soil grain roughness:

௦ for fine grained soils ( ଻ହ<0.05 
in)

௦ ଻ହ
ଵ ଺⁄ for all non-cohesive soils 

with ଻ହ 0.05 in
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Slope surface stability
Manning’s roughness of  RECP (minimum):

ோா஼௉,௠௜௡ ௦
ௗ ௙

௣,ௌ௢௜௟

Blankets and mats that have an value greater 
than ோா஼௉,௠௜௡ are candidates for use

– ௙ is 0 for unvegetated slope protected by RECP
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Slope surface stability
A maximum C factor for the RECP is 
calculated for the slope for 0.25 inches of  
uniform soil loss

ோா஼௉,௠௔௫

௦௢௜௟
Where,
ோா஼௉,௠௔௫ = maximum C factor for RECP
௦௢௜௟ = slope soil unit weight (lbs/ft3)

= RUSLE factor values for slope
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RECP Selection
RECP Design considerations:

– Application (channel, slope)
– Longevity
– Constructability
– Maintenance
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