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The “n” values for VDOT’s standard riprap sizes are shown highlighted in gray on the
attached revised copy of Appendix 7D-1 from Chapter 7 of the VDOT DRAINAGE
MANUAL and were developed from recommendations presented in Chapter 3, Section
3.4.13 of the FHWA publication RIVER ENGINEERING FOR HIGHWAY
ENCROACHMENTS - HIGHWAYS IN THE RIVER ENVIRONMENT (Hydraulic
Design Series Number 6). The equation (3.14) used to determine the “n” values shown in
the table is:

n=K, D"
where:
n = Manning’s roughness coefficient

K, = coefficient = 0.0342 based on V.T. Chow (1959), 0.0395 based on Anderson et al
(1970), 0.0388 based on Lane and Carlson (1955), or 0.038 base on USACE (1991)

Dy = Particle size diameter in ft. where “x” is for the 50% particle size (based on Chow &
Anderson), the 75% particle size (based on Lane and Carlson), or the 90% particle
size (based on the USACE)

It should be noted that VDOT’s calculations were predicated on the actual gradation
relationships for the Department’s standard riprap sizes (i.e. particle size percentages)
rather than those shown in Table 3.3 in HDS-6 which were based on typical gradation
relationships for natural, gravel-bed streams.

The revised “n” value recommendations presented herein are effective with the issuance
of this Hydraulic Design Advisory.



Appendix 7D-1 Values of Roughness
Coefficient n (Uniform Flow)

Type of Channel and Description Minimum Normal Maximum
LINED CHANNELS (Selected linings)
a. Concrete
1. Trowel finish 0.011 0.013 0.015
2. Float finish 0.013 0.015 0.016
3. Gunite, good section 0.016 0.019 0.023
b. Asphalt
1. Smooth 0.013 0.013 -
2. Rough 0.016 0.016 -
c. Riprap (st'd VDOT sizes)
1. Class A1 0.033 0.038 ;
2. Class 1 0.035 0.040 -
3. Class 2 0.037 0.042 -
4. Class 3 0.039 0.045 -
5. Type | 0.041 0.047 -
6. Type Il 0.044 0.050 -
EXCAVATED OR DREDGED
a. Earth, straight and uniform
1. Clean, recently completed 0.016 0.018 0.020
2. Clean, after weathering 0.018 0.022 0.025
3. Gravel, uniform section, clean 0.022 0.025 0.030
4. With short grass, few weeds 0.022 0.027 0.033
b. Earth, winding and sluggish
1. No vegetation 0.023 0.025 0.030
2. Grass, some weeds 0.025 0.030 0.033
3. Dense weeds or aquatic plants in deep channels 0.030 0.035 0.040
4. Earth bottom and rubble sides 0.025 0.030 0.035
5. Stony bottom and weedy sides 0.025 0.035 0.045
6. Cobble bottom and clean sides 0.030 0.040 0.050
c. Dragline excavated or dredged
1. No vegetation 0.025 0.028 0.033
2. Light brush on banks 0.035 0.050 0.060
d. Rock cuts
1. Smooth and uniform 0.025 0.035 0.040
2. Jagged and irregular 0.035 0.040 0.050
e. Channels not maintained, weeds and brush uncut
1. Dense weeds, high as flow depth 0.050 0.080 0.120
2. Clean bottom, brush on sides 0.040 0.050 0.080
3. Same, highest stage of flow 0.045 0.070 0.110
4. Dense brush, high stage 0.080 0.100 0.140
NATURAL STREAMS
1. Minor streams (top width at flood stage <100 ft)
a. Streams on Plain
1. Clean, straight, full stage,
no rifts or deep pools 0.025 0.030 0.033
2. Same as above, but more stones/weeds 0.030 0.035 0.040
3. Clean, winding, some pools/shoals 0.033 0.040 0.045
4. Same as above, but some weeds/stones 0.035 0.045 0.050
5. Same as above, lower stages,
more ineffective slopes and sections 0.040 0.048 0.055
6. Same as 4, but more stones 0.045 0.050 0.060
7. Sluggish reaches, weedy, deep pools 0.050 0.070 0.080



Appendix 7D-1 Values of Roughness
Coefficient n (Uniform Flow)

Type of Channel and Description Minimum Normal Maximum

8. Very weedy reaches, deep pools, or
floodways with heavy stand of timber
and underbrush 0.075 0.100 0.150
b. Mountain streams, no vegetation in channel,
banks usually steep, trees and brush along
banks submerged at high stages

1. Bottom: gravels, cobbles and few 0.030 0.040 0.050
boulders
2. Bottom: cobbles with large boulders 0.040 0.050 0.070
2. Floodplains
a. Pasture, no brush
1. Short grass 0.025 0.030 0.035
2. High grass 0.030 0.035 0.050
b. Cultivated area
1.No crop 0.020 0.030 0.040
2. Mature row crops 0.025 0.035 0.045
3. Mature field crops 0.030 0.040 0.050
c. Brush
1. Scattered brush, heavy weeds 0.035 0.050 0.070
2.Light brush and trees, in winter 0.035 0.050 0.060
3. Light brush and trees, in summer 0.040 0.060 0.080
4. Medium to dense brush, in winter 0.045 0.070 0.110
5. Medium to dense brush, in summer 0.070 0.100 0.160
d. Trees
1. Dense Willows, summer, straight 0.110 0.150 0.200
2.Cleared land with tree stumps, no
sprouts 0.030 0.040 0.050
3. Same as above, but with heavy
growth of sprouts 0.050 0.060 0.080

4. Heavy stand of timber, a few down
trees, little undergrowth, flood stage
below branches 0.080 0.100 0.120
5.Same as above, but with flood stage 0.100 0.120 0.160
reaching branches
3. Major Streams (top width at flood stage > 100 ft)

The n-value is less than that for minor streams of
similar description, because banks offer less effective

resistance.
a. Regular section with no boulders or brush 0.025 - 0.060
b. Irregular and rough section 0.035 - 0.100

Source: Chow, V.T., FHWA'’s HDS-6 publication



