FDM 13-25 Attachment 35.1 Manning Roughness Coefficients

Tahle 1.—Manning roughness coeflicients, n !

Manning’s
Closed conduits: n range 7
A. Conerete Plpe.....vsseeimrrcsccrmeaccsssansnsanssarsa-n 0.011-0. 013
B. Corrugated-metal pipe or pipe-arch.
1. 234 by }4-In. corrugation (riveted pipe):?

s Pleinorfullyeomted. ..o eans 0.024
b. Paved invert (range values are for 25 and 5 percent
of circumference paved):
(1} Flow fulldeptho ... coooiemirromannnnnnn. 0.021-0.018
(2) Flow 0.8 depth_ .. 0.021-0,016
(3) Flow 06depth_._____. ... .. 0.019-0.013
2. 6 by 2-in, corrugation (field bolted)_ - 0.03
€. Vitrifled clay pipe. . oeeereaeee et .- 0.012-0.0k4
D. Cast-iron pipe, uncoated. - . 0.018
E. Steel pipe...-veeeciannne. - - o 0.009-0.01)
O LT SR RPN 0. 14-0.017
Q. Monolithic concrete:
1. Wood farms, Tough . .oo oo 0.015-0. 017
2. Wood forms, smooth.. cemeemeo. 0.012-0.004
B, Stee] fOrMS. v vreeeocismmrmmcacamecancceman e .. 0.012-0.013
H. Cemented rubble masonry walls:
1. Concrete floor ANA LOP. . cevemm e ceees 0. 017-0.033
2, Natoral floor..ooooee. oo . eeeoen.. 0.019-0.025
1. Laminated treated wood... eemeee.. 0.015-0.047
J. Vitrified clay liner plates.....c..oemimmeiroiaaaa e 0.015
II. Open channels, lined ¢ (siraight slinement): !
A, Concrete, with surfaces as indicated:
1, Formed, no findsh. ..o 0.013-0, 017
2. Trowe] finish___ . 0, 013-0. 014
3, Float Bnlsh._ ... . 4.013-0.015
4. Float finish, some . 0.015-0. 017
5. Gunite, good section. ..o _L...eiioiiaie e 0.016-0. 019
§. Gunite, wavy section___ 0. 018-0. 022
B. Congrete, bottom float finishe:
1, Dressed stone {n mortar_.... . 0.015-0.017
2. Random stone in mortar. . . 0.017-0.020
3, Cement rubble masonry. ... ... . 0,020-0.025
4. Cement rubble maspnry, plastered. 0.016~0. 020

3. Dry rubble CEADIBPY. e ee oo e L1 0.020-0.030
C. Gravel bottom, sides as indicated:

1. Formed COMCTete. oooneeonneeccaaneamcannmmcnnmannn.. 0.017-0,020

2, Random stone in mortar. . e 0, 0200, 023

3, Dry rubble (riprap)....... ceeeeo. 0,030,033
b Y ¢ T PSSP 0.014-0.017
E. Asphait

1 SO0, . e i r e s 0.013

2. Rough......... . . PR 0.016
F. Wood, planed, ¢lean. . ..o comenniiinieiaeiae s 0.013~0. H3
G. Conoctete-lined excavated rock:

1 G00d SBOUON . . oo oo oeeevmameameamcceace e ooean - 0,017-0.020

2. Trregular SeCtlon. .. . oooioio e 0.022-0. 027

m. 0|]>pq c;unnell. sicavated ¢ (straight ealinement,! natural

ining):
A, Earth, uniform section:

1. Clean, recently completed. .......ccevoevanoeoonnn.. 0.016-0.018

2. Clean, after weathering. . . ...coomeoiimiiiaian.- 0.018-0. 020

3. With short grass, few weeds ... .. ... 0.022-0.027

4, In gravelly soil, unilorm seetion, clean ... . 072-0.025
R. Earth, fairly onilorm section:

1. NQ VeRetAtlON. oo s eeeceiemeiameneneneo. 0.022-0,025

2. Grass, some weeds_ . ....o.coociiriiaiaeooannaoooooo 0.025-0.030

3. Dense weeds or aqustie plants in deep channels.__.__ 0, 030-0. 035

4. Sides clean, gravel DOLOM .. enivnnnoin e aeees 0.025-0.030

& Sides clean, cobble bottom. . ........ ...ioiveeniene 0. 030-0. 140
C. Dragline excavated or dredged:

PRI IRX T (27 Y912 | W URP PO PPOPPRP TP 0.028-0. 033

2. Light brush on DANKS_ .. .oevem et 0.035-0. 050
. Rock:

1. Based on destgn section. . ... o .iiieeiesacnas 0.035

2. Based on actual mesn section:

s. Smooth and uniform._ ... ... .ooaohl _.-.. 0,0350.040
b. Yapged and frregular.....oo.ooo oo 0. 040-0, 045

E. Channels not maintained, weeds and brush uncut:

1. Dense weuds, high as flow depth ... . .. 0.08-0.12

2. Clean bottom, brush on sides ... ...ooocoioanio 0.05-0.08

3. Clean hottom, brush on sides, highest stage of flow_.. 0.07-0.11

4, Dense brush, high stage......... R 0.10-0.14

1V. Highway channais snd swales with mainiained vegwiation *?

VI

(values shown are for velocities of 2and 6{.p.8.):

A. Depth of flow up to 0.7 foot: Manning s
1, mudagrass, Kentucky bluegrass, buffslograss: nrange
8. Mowed toZinches. .. . oo 0.07-0. 045
b. Length4-6inches_ __ .. ... L ccuiiieamreacmonaas D.08-0. 05
2, (Good stand, any grass:
». Lengthabout 12inches . .. .o 0.18-0. 09
b. Length sbout 24 inches__ ... .o v, 0.30-0.15
3. Fair stand, any grass:
s. Lengthabout 12 inches ... ... .....iiaiiia 0. 14-0. 08
b. Length sbout 24 inches . oeenimncinos 0.25-0.13
B. Depth of flow 0.7-1.5 feet:
1. Bermudagrass, Kentucky bluegrass, buffalograss:
s. Mowed to2inches. . oo 0.05-0.038
b. Length 4 to 6 inches X

2, Good siand, any grass:

s Lengthabout 12inches. .. ... .. ... .. 0, 12-0,07
b. Length about 24 itehes. ...l 0. 20-0. 10
3. Fair stand, any grass:
s. Lengthabout 12 inches. ... . ... 0. 10-0, 06
b. Length about 24 inches ... ... .. 0. 17-0.00
Street and expresawsy gutiers:
A. Conerete guiter, troweled flnish.._ ... ... ... 0,012
B. Asphalt pavement:
). Smooth textire. .. .ooomem e 0.013
2. Rough texture. .. e 0.018
C. Conerete gutter with asphalt pavement:
1. Smootb. oo iiii e a i e 0,013
2 ROUBH. e 0.015
13, Conerele pavement:
1 Float Bnish .. e eecnivm s 0.014
2 Broom flndsh. oot 0.018
E. For gutters with small slope, where sediment may acen-
mulsate, increase ahove valuesofn by ... .. .. 0.602
Natural stream channels:’
A. M(ln;:r streams ¥ (surface width at flcod stage less than 100
1.):
1. Fairly regular section:
8. Sofoe grass and weeds, little or no brush... ... G. 030-0. 035
b. Dense growth of weeds, depth of flow roaterially
eater than weed hefght. ... . oo oeo L. 0. 035-0. 05
c. Some weeds, light brushon banus______........... 0.0350.05
d. Bome weeds, hesvy brush on banka. . ceeeees 0.05°0.07
e. Some weeds, dense willows on banks. ..___._...... 0.06-0.08
[. For trees within channel, with branches submerged
st high stage, increase all above values by... ... 0.010. [/
2. Irregylar sections, with pools, slight channel meander;
inerease values given in la-e 8boUL_ ...cvonenonnns- 6.01-0.0¢
3. Mountsin streams, no vegetation in channel, banks
uspally steer, trees and brush slong banks sub-
merged at high stege:
s Bottom of gravel, cobbles, and few boulders. . 0. 04-0. 65
b. Bottom of cobbies, with large boulders. . ._..._._.. 0.050.07
M. Flood plains (adjacent to natursl streams):
1. Pasture, no brush:
8. Bhort grass. . .......cene- 0.030-0. 035
h. Highpra®s, . eeienns . 0.035-0.05
2. Cultivated arcas:
8. N0 CTOP . e umceamm o csimmrmm e m e 0.03-0.04
h, Mature row crops. ... . €.035-0). 45
e. Mature field crops........ . 0.D4-0.05
1. Heavy weeds, scattered brus 0.05-0. 67
4. Light brush and trees:
PO P R X o |
b. SUIMMEr . o oo eeae o ammcecacmemme e aerneeass 3 06-0.08
5. Medium to dense brush; 10
P T T PP (4| 5, 19 1
b, BUIMMET . oo e o oo aenemcmammee e sreane- 010016
6. Dense willows, summer, not bent over hy current._ . 0.15-0.20
i. Cleared land with tree stumps, 100-150 per acre:
A NOSPIOMES. e omemmemmrmr e ee e 0. 04-0.05
h, With heavy growthofsproats. ... ... _......... 0. 0f-(. 08
%. Heavre stand of timber, a few down trees, )ittle under-
growth:
8. Flood depth helow hranches. ... ... ... 0.10-0. 12
b. Flood depth reaches branches. ... 0. 12-0. th
C. Major strearns (surface width at flood stage more than
100 1t.): Roughness coefliclent is usunlly less than for
minaor streams of similar deseription on account of less
eflective resistance offered by irtegular hanks or vepe-
tation on banks. Values of 7 may be somewhat re-
duced, Follow recommendation in puhlication clted ¢
if possible. The value of » for larger sireams af most
regular section, with no boutders orbrush, may bein the
T Lok PO 0. 028-0. 033

from Hydraulic Design Series No. 3, "Design Charts for Open-Channel Flow"

Foomotes to Table 1 appear on page 2 of this figure
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FDM 13-25 Attachment 35.1 Manning Roughness Coefficients

from Hydraulic Design Series No. 3,

Footnotes to Table 1

1 Estimates are by Bureau of Public Roads unless otherwise noted,

2z Ranges indicated Jor closed conduits and for open channels, lined nr exea-
vated, are {or good to fair construction (unless otherwise stated). For poor
quality construction, use larger values of 4.

¥ Friction Foelors in Corrugeted Aletol Pipe, by M. J. Webster and L. R,
Metea)l. Corps of Engineers, Department of the Army; published in Journal
of the Hydranlies Division, Pryceedings of the American Society of Civil
Enginoers, vol. BS, No. HYY, Sept. 1959, Paper Na. 2145, pp. 33-67.

4 For {mportant work and wher¢ accurate determination of water profiles
is necessary, the designer is urged to consult the fellowing references sud to
selcet #t by comparison of the specific conditions with the channels tested:

Flow of Water in Irrigarton and Similar Chanjiels, by F. C. Scobey, Division
of Irrigation, Seil Conservation Setviee, U.8. Department of Agriculture,
Tech, Bull. No. 652, Feb. 1930; and

Flow of Water in Drainage Channels, by C. E. Ramser, Division of Agrl
cultursl Engineering, Buresu of Public Roads, U.8. [yepartment of Agri-
culture, Tech. Rull. No. 129, Nav. 1929,

3 With channel of an alineroent ather than straight, loss of hesd by resistance
forses will beincreased, A small inerease in valoe of » may De made, to allow
for the sclditional loss of energy.

§ Handbook of Channel Design for Soil and Water Conservatfon, prepared by
the Stillwater Outdaor Hydraalic Laboratary in cooperation with the Okla-
homs Agricnltural Experiment Siation; published by the Soll Conservation
Service, .8, lbepartrment of Agriculture, Publ. No. SCS-TP-§1, Mar.
1947, rev. June (854,

Table 2.—Permissible velocities for channels with erodi-
ble linings, based on uniform flow In continuously wet,
aged channels !

1 Fisw of Waler in Channels Protected by Vegetative Linings, by W. 0. Ree
and V, J. Palmer, Division of Drainage and Water Control. Research, Soi)
gogser\'llion Service, U.8, Department of Agricuiture, Tech. Bull. No. %67,

€. .

s For calculstion of stage or discharge in natural stresm channels, it is
recommended that the designer consult the Jocal Distcict Office of the Surface
Water Branch of the U.8, Geologleal Survey, to obtein data regarding values
ofn arplluble to stresms of eny specific locelity,  Where this procedure is
not followed, the table may be at 8 guide. The values of n tabulated
have been derived from dats reported by C. E. Ramser (see footnote 4) and
from other incomplete dats.

v The tentative valuces of » clted mre priml}mll}' derived from megsurements
made on fairly short but stralght reaches of natural streams. Where slopes
calculsted from flood elevations along & considerable length of channel,
inveolving meanders and bends, are to be used in veloeity caloulations by the
Manning formtils, the value of » must be increased to provide for the addi-
tionel loss of energy caused by bends. The increase may be in the range
of perbaps 3 to 15 percent.

10 The presence of {olisge on trees and brush under flood stage will mate-
rislly increase the value of n. Therelore, ruu%hness coeffictents for vegetation
In leal will be Jarger than for bare branches. For trees in channel or on banks,
and for brush on banks where submergence of branches increases with depith
ol flow, n wil] Increase with rising stage.

Table 3.—Permissible velocities for channels lined with
ux}ifo;m ’ltll'lds of various grass eovers, well main-
tained !

Maximum permissible Perm fssible
velocities for— velocity on—
Sei) type or Jining (earth; no vegetation)
Cover
Water | Water Slope [Erosion| Easily
Clear | carrying eum'ing range ;i resist- i eroded
water | fine siits |sand sn ant soils
grave) soils
Fpa F.pa. F.pae. Pereend | Fpa. | Fupas.
Fine sand {(noncolloidal)............. PR 1.5 2.5 1§ 0-5 8 P [
Sandy Joam (noncollpidsl)_ . LT 2.5 2.0 Bermudagrass. ..o eiiaaimianreeemaea 510 7 5
St leam (noncolloidal}. . 2.0 3.0 2.0 Over 10 [} 4
iy o e ] I I R
oleBNIC B8N Ll e 2. 3 3 uifs
l{emuﬁ y bluegrass 5?;3 g :
FINe ErRVe) e v e e .5 5.0 3.7 Smooth brome ... Over 10 5 3
Stifl clay (very colloidad).. . e 3.7 5.0 3.0 e . '
grageg. loam to ?ﬁhm ll;]or‘lgollloldal)_. - 3.7 50 g I} s
raded, silt to cobbirs (colloidal} 4.0 Ly L 0 i 0-5 4
Allovisl silts (noneoloidal)................ 20 55 20 PGS IIXIURE i { & H 3
Allurial sitts teolloddal) ... .. a7 50 .0 Lespedera sericen ...
Coarse gravel (noncelloidsl) . 4.0 60 6.5 Weeping lovegrass
Cobrbles and shingles.____ - 5.0 55 6.5 Yellow bluestem.. 0-5 35 2.5
Shales ancd hard pans. ... ___.__.__..... 8.0 6.0 5.0 Kudeu... - ’
Altalla___
Crabgrase. ... cvrcie e emmmeee—aeeroean
I Asrreommended by Special Commitiee oni Irvigation Research, American
Bociety of Civil Engineers, 1926. Common lespedeza L. voiinivimciannaananonn } £0-5 38 25
Sedengrass? ... e arm e temaieavas - -

Table 4.—Factors for adjustment of discharge to allow
far incressed resistance caused by friction against the
top of a closed rectangular conduit®

Factor

21
24
2
17
-]
3
M

ko

i
N

! Interpolations may e made.

.

| From Handbook of Chennel Design for Snil and Water Congercation {see
foatnote &, tahle I, above).

t Use velocities over 51.p.s. only where good covers snd proper maintenaroe
can be obtained.

3 Annuals, used on mild slopes ot as temporary protectlon until permanent
rovers arc established.

+ Use an slopes sterper than b percent is not recommended.

Table 5—Guide to selection of retardance curve

Retardance curve

|
!
|
i | or—
Average length of vegetation ;
! Good Fair
{ stand stand
[ 1 T SOV VOO B sgupat I
PR T TR B ) B D.

"Design Charts for Open-Channel Flow"

August 8, 1997

Attachment 35.1

Page 2



FDM 13-25 Attachment 35.2 Graphic Solution of the Manning Equation

Graphic Solution of the Manning Equation

FIGURE 2 iss nomograph for the solution of the Manning
equation:

r=]_'49 Ry sy
n

This ehart will be feund useful wheuo an open-channel How
chart is not available for the particular channel cross
seetion under consideration. Values of a will be found in
table 1, and slope § and hvdraulic radies K=A/IFP,
where .1 is the area of cross seetion and WP is the wetted
perimeter, are dimensions of the channel,

Use of the ehart ix demonstrated by the example shown
on the chart itself. Given ix a channel with rectangular

cross section, 6 feet wide, flowing at & depth of 0.75 foot,
with a 0.3-percent slope (8=0.003}, and n=0.02. Area
A=6%0.75=4.50 sq. ft.; wetted perimeter WP=6+2
X0.75=7.50 ft.; then R=A4/WP=4.50/7.50=0.6.

A straight line is laid on the chart, connecting S=0.003
and n=0,02. Ancther straight line is then laid on the
chart, connecting R=0.6 and the intersection of the first
line and the “turning line,"” and extending to the velocity
scale, Reading this scale, V=2.9.

The chart may, of course, be used to find any one of the
four values represented, given the other three: and may
also he used for channels with cross sections other than
rectangular.

Source: Hydraulic Design Series No. 3, “Design Charts for Open-Channel Flow”
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FDM 13-25 Attachment 35.2 Graphic Solution of the Manning Equation
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Source: Hydraulic Design Series No. 3, "Design Charts for Open-Channel Flow
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FDM 13-25 Attachment 35.3 Hydraulic Elements of a Circular Section

n=.012
1.0 T

N

owing
D

o

>

S

RELATIVE DEPTH 1!
%

A .2 3 .4 a .5 A.6a R.7 .8 .9 1.0 1.1 1.2
Viull, Qfull,  Afull, Rfull,

HYDRAULIC ELEMENTS
CIRCULAR SECTION
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FDM 13-25 Attachment 35.4 Capacity and Velocity Diagram for Circular Corrugated Pipe Flowing Full (n = 0.024)
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FDM 13-25 Attachment 35.5 Capacity and Velocity Diagram for Circular Concrete Pipe Flowing Full (n=0.013)

Capacity and Velocity Diagram
For Circular Concrete Pipe Flowing Full
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Nomograph based on Manning’s formula for circular pipes
flowing full in which n=0.013

August 8, 1997 Attachment 35.5 Page 1



FDM 13-25 Attachment 35.6 Sewer Bend Loss Coefficients

Sewer Bend Loss Coefficient
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“Urban Storm Drainage”
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FDM 13-25 Attachment 35.7 Loss Coefficients for Miter Bends

1.2
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