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INTRODUCTION

Selection of the proper value for the coefficient of
roughness of a pipe is essential in evaluating the flow
through culverts and sewers. An excessive value is uneco-
nomical and results in oversizing of pipe, while equally a
low value can result in hydraulically inadequate pipe.
Proper values for the coefficient of roughness of commer-
cially available pipe has been the objective of aimost con-
tinual investigations and, as a result, extensive knowledge
and data are available on this often controversial subject.
To the designer, the presently accepted values for the
coefficient of roughness are of great importance. Of equal
importance, is an understanding of how these values were
determined. Research often indicates new values for pipe
materials significantly different from those previously
used.

DESIGN VALUES

The difference between laboratory test values of
Manning’s n and accepted design values is significant.
Numerous tests by public and other ‘agencies have estab-
lished Manning’s n laboratory values. However, these
laboratory resulis were obtained utilizing clean water and
straight pipe sections without bends, manholes, debris, or
other obstructions. The laboratory results indicated the
only differences were between smooth wall and rough
wall pipes. Rough wall, or unlined corrugated metal pipe
have relatively high n values which are approximately 2.5
10 3 times those of smooth wall pipe.

Smooth wall pipes were found to have 7 values ranging
between 0.009 and 0.010, but historically, engineers familiar
with concrete and sewers have used 0.012 or 0.013. This
“design factor” of 20-30 percent takes into account the differ-
ence between laboratory testing and actual installed condi-
tions. The use of such design factors is good engineering
practice, and to be consistent, for all pipe materials, the
applicable Manning's 7 laboratory value shauld be increased a
similar amount in order to arrive at comparative design values.
Recommended design values are shown in Table |

MANNING’S n VALUES
HISTORY OF RESEARCH

The appropriateness of exciuding the effects of lin-
ings and pavings from the hydraulic design of corrugated
metal pipe is based on tests conducted by Kansas, New
York and Maryland. In a 1970 paper titled “Effectiveness
of Bituminous Coatings on Corrugated Metal Pipe™ pre-
pared by Herbert E. Worley, Soils Research Engineer, De-
partment of Planning and Development, Research Divi-
sion, State Highway Commission of Kansas, the author
recommends discontinuing the use of bituminous coatings

| on the inside of corrugated metal pipe because the coat-

ing is partiatly lost in less than three years and in many
cases only a few months. The New York Department of
Transportation recognizes that asphalt pavings last only a
relatively short time compared to the service life of the
pipe. A Design Memorandum dated October 1, 1973 in-
structs New York engineers not to use the lower n values
for paved pipe since it may result in pipe lines of insuffi-
cient capacity within the design life period. In a 1971 re-
port titled “Statewide Survey of Bituminous — Coated
Only. and Bituminous — Coated and Paved Corrugated
Metal Pipe” by the Maryland State Roads Commission
Bureau of Research, it was concluded that pipe with bitu-
minous coatings and pavings lasted only eight years be-
fore the coatings cracked and peeled. The report recom-
mends the use of coatings and pavings be discontinued
in Maryland as such use is not cost effective.

TABLE I: Recommended Values of Manning’s n
TYPE OF PIPE VALUES OF MANNING'S n
LAB VALUES DESIGN VALUES

CONCRETE 0.008 - 0.011 | Storm-0.012 Sanitary-0.013
PLASTIC 0.009 Storm-0.012 Sanitary-0.013
ASBESTOS CEMENT 0.010 Storm-0.012 Sanitery-0.013
CLAY 0.010 Storm-0.012 Sanitary-0.013
DUCTILE IRON/CAST IRON 0.010 Storm-0.012 Sanitary-0.013
CORRUGATED METAL"

23 Ve 0.024 0.029

3 x1” 0.027 0.032

8" x 27 structural plate 0.033 0.040

9" x 2% structural plate 0.037 0.044

"Includes steel and aluminum pipe. helically corrugated pipe.and corrugated pipe

with linings and pavings dueto the extremely shor service life of the
liming and paving material,




FLOW FORMULAS

The Kutter flow formula was developed about 1870
and extensively used for many years to calculate pipe
flows. Roughness coefficient values for use in the Kutter
formula were derived and are known as Kutter nn values.
The Kutter formula was mathematically cumbersome even
though charts and graphs were developed as design aids.

The simpler Manning formuia, developed in 1880, has
generally replaced the Kutter formula in use. Manning's
formula in terms of flow is expressed as follows:

Q= 1.486AR,,,S 2
n
where: Q=flow In pipe, cubic feet per second

A=cross-sectional area of flow, square feet

R=hydraulic radius, equa! to the cross-sec-
tional area of flow divided by the wetted
perimeter of pipe, feet

S=slope of pipe, feet per foot

n=coefficient of roughness appropriate to the
type of pipe under construction

The Manning formula factors are similar to those in
Kutter formula and are expressed in the same units.
Values for the coefficient of roughness, n, were at first
thought to be the same as those used in the Kutter for-
mula but this assumption has been proven to be wrong.

MANNING n VALUE RESEARCH

As the Manning formuia came intc more common
use, the direct interchange of n vaiues with Kutter's was
questionad. A series of studies, prior to 1924, at the Uni-
versity of jowa provided the first extensive data on this
disputed point. These were cooperative studies sponsored
by the Bureau of Public Roads, U.S. Department of Agri-
culture, and the University of lowa. The test program
consisted of 1480 hydraulic experimenis on 12, 18, 24 and
30-inch concrete pipe, corrugated metal pipe, and clay
pipe. Results of these tests were published in 1926 by the
University of lowa in Bulletin No. 1, “The Flow of Water

Through Culverts,” by David L. Yarnell, Floyd A, Nagier
and Sherman M. Woodward. Values obtained from the test
results for Manning and Kuiter roughness coefficients, are
given in Table /l. After the lowa test results were pub-
lished, many designers re-evaluated the n values for Man-
ning’s formula and used 0.013 for smooth wall pipe and
0.024 for corrugated pipe. These values were not univer-
sally accepted, however, and other designers used
n=0.015 for concrete and clay pipe. Metal pipe manufac-
turers were advocating n=0.021 for corrugated metal
pipe, and some designers still erroneously use this com-
paratively low value for corrugated pipe today.

COMPARATIVE TESTS FOR CONCRETE AND
CORRUGATED METAL PIPE

The next significant investigation of Manning 7 values
for pipe began in 1946 and continued over a four-year
period at St. Anthony Falis Hydraulic Laboratory, Univer-
sity of Minnesota. A primary purpose of these large-scale
tests was to obtain pipe friction coefficients which would
be more accurate and dependable. A total of 181 hydrau-
tic tests were run on 18, 24, and 36-inch circular concrete
pipe and corrugated metal pipe, and corrugated metal
pipe arches for the full flow and partly full flow conditions.
Many of the shortcomings of previous hydrautic tests were
eliminated in the Minnesota tests. Cuivert test [engths
were 193 feet which were longer and more representative
of actual installation conditions. Pipe section lengths were
closer to actual commercial iengths particularly for con-
crete pipe with six-foot sections being used instead of the
two-foot and three-foot lengths used in the 1926 lowa test.
The test resulis were published in 1930 by the University
of Minnesota in Technical Paper No. 3, Series B, “Hydrau-
lic Data Comparison of Concrete and Corrugated Metal
Pipes" by Lorenz G. Straub and Henry M. Morris and are
as shown in Table HI. These results indicate a significantly
fower value of Manning’s n for concrete pipe than the
1926 lowa tests. Technical Paper No. 3 alsc included
recommended design values for n for both corrugated
metal and concrete pipe as reproduced in Table V. Com-

TABLE II: University of lowa Tests on Culvert Pipes—1326. Average Values of the Coefficient
of Roughness in Concrete, Vitrified-clay, and Corrugated Metal, Culvert Pipe

Diameter Kutter Coefficient Manning Coefficient
of Pipe
Inches Concrete Clay Metai Concrete Clay Metal
12 0.0117 0.0101 0.0194 0.0119 0.0098 0.0228
18 .0121 .0119 0217 01 .0118 .0248
24 .0130 0127 0216 .0130 0125 0239
30 .0127 0131 0232 0125 0131 .0254

Notes on pipe used in the lowa tests: The 12" and 18" concrete pipe were in 2-foot lengths. The 24'" end 30’7 concrete pipes
were in 3-foot lengths. The vitrified-cloy pipes were all in 30-inch lengths. Corrugated metal pipes were supplied in & and 8-foot
lengths. Corrugated metal pipe had o V2 x 2% inch corrugation pettern, Joints in the concrete pipe where made with cement mortar.
Jeints in the vitrified-cloy pipe made with eckum ond cement mortor.
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TABLE Ill: University of Minnesota Test on Cuivert Pipes—1 950, Summary of Test Results

Pipes Flowing Full Pipes Flowing Partly Full
) No. of Manning Roughness Coefficient No. of Menning Roughness Coefficient
Type and Size of Pipe | 7.5 Maximum Minimum  Average Tests Maximum Minimum Average
18-inch corrugated 11 0.0251 0.0222 0.0242 8 0.0258 0.0248 0.0252
24-inch corrugated 13 0.0252 0.0228 0.0242 10 0.0244 £.0232 0.0240
36-inch corrugated 12 0.0247 0.0216 0.0232 14 0.0243 .0228 0.0236
Group 36 0.0252 0.0216 0.0239 32 0.02358 0.0228 0.0242
18-inch corrugated arch 23 0.6255 0.021C 0.0239 10 0.0233 0.0216 0.0223
24-inch corrugated arch 7 0.0245 0.0217 0.0236 3 0.0228 0.0213 0.0220
34-inch corrugated arch Ci 0.0240 0.0216 0.0232 13 0.0230 0.0221 0.0225
Group 39 0.0255 0.0210 0.0237 26 0.0233 0.0213 0.0224
18-inch concrete 12 0.0108 0.0091 0.0097 10 0.01%0 0.0102 0.0107
24-inch concrete 2 0.0104 0.0093 0.0100 6 0.0108 0.0102 0.0104
3é-inch concrete 1 0.0108 0.01C3 0.0106 _ — - _
Group 32 0.0108 0.0091 0.0101 16 0.01310 0.0102 0.0106

NOTE: From Technical Paper No. 3, Series B

paring the values from Tables I, il and IV it is readity
apparent that no safety factors were applied to the labora-
tory values when converting them to design values. The
footnote beneath Tabfe IV, however, qualifies the applica-
tion of the recommended values to such an extent that
they could not be used for realistic pipe installation. As
previously discussed, laboratory values should not be
used for design purposes without appropriate safety
factors.

During the period 1960-1962, research was conducted
in Canada to determine design values of n for pipe used
in culvert construction. The research was under the
auspices of the Cooperative Highway Research Program
in Alberta, which included the provincial Department of
Highways, the Research Council of Alberta, and the Fac-
ulty of Engineering of the University of Alberta as partici-

pating bodies. Tests were made on field installations of
60-inch structural plate corrugated metal pipe culverts
70 and 150-feet long with various inlet shapes and slopes
from 1 to 3 percent, and en & 48-inch concrete pipe cul-
vert 78-feet iong on a slope of 0.5 percent. Laboratory
tests were conducted on 15-inch diameter standard cor-
rugated metal pipe 36 and 72-feet long with slopes from
zero to 8 percent. Test results were published by the Re-
search Council of Alberta in the 1962 Alberta Highway
Research Report 62-1 titled “Hydraulic Tests on Pipe Cul-
verts” by C. R. Neill. Summaries of the Manning n values
computed for the 80-inch structural plate pipe are quoted
as follows:

“The n values computed from 33 tests showed a normal

type of statistical scatter, with a mean of 0.0357 and 2

standard deviation of 0.0025. Pending further tests, the

TABLE IV: University of Minnesota Tests on Culvert Pipes—1950. Recommended Design Coefficients
for Corrugated Metal and Concrete Culveris

ltems Corrygated Metal* Concrete*
Manning coefficient of roughness, n, full flow 0.0250 0.0100
Manning coefficient of roughness, n, partly full flow 0.0240 0.0110

NOTE: From Technical Paper No. 3, Series B — Table Iil, Page 5.

*The above recommended values apply to mew, straight pipe with no obstructions, side openings, or other flow-disturbing
features. The Menning coefficients for cerrugeted metcl apply to corrugations with V-inch height and 2%-inch spacing. The
Manning coefficients for concrete opply to pipe manufactured by the cast-ond-vibrated process in 6-foot lengths of pipe ond with

non-pressure rubber ring joints.




value of 0.035 was adopted for structural plate corrugatec-
metal pipe.”

Manning n vaiues determined for the 15-inch stand-
ard corrugated metal pipe, are quoted as follows:

‘“Values ranged from 0.027 at very low velocities to 0.025
at high velocities. 1t appeared that 0.026 was probably a
peak value and that 0.025 was reasonable for design
purposes.”

Additional guotes as to values of Manning’'s n for con-

crete pipe are as follows:

“No determination was made of roughness coefficients,
since the pipe was too short and smooth to show appre-
ciable friction losses.”

As one purpose of the experiments was 1o determine
the possible hydraulic advantages of using concrete pipe
instead of corrugated metal pipe, the following statements
from the test report are significant:

“By comparison, it can be seen that the capacity of the
£8-inch concrete culvert was zpproximately the same as
that of the 60-inch structural plate corrugated-metal one,
of approximateily the same length. At the upper end of
the test range, the concree culvert showed rather better
performance.”

“The tests on concrete pipe culvert showed that a con-
crete culvert of given diameter was considerably more
efficient than a corrugated-metal one in most design situa-
tions especiaily when subjected to high headwater depths,
the rmain reason being the much small friction losses in
the concrete pipe. it appeared that concrete culverts prime
readily when their inlets are slightly submerged, and may
then be assumed to flow full throughout, and also that the
standard type of grooved inlet is quite efficient.”

CONCRETE PIPE TESTS

In addition to those previously discussed, other iests
have been performed on concrete pipe. In June 1956, ex-
perimental studies on 24 and 36-inch concrete pipe were
initiated by the State Road Department of Florida to deter-
mine the effect of interior surface finishes and joint irregu-
iarities on the pipe coefficient of friction. The test program
was expanded in May 1957, placed under joint sponsor-
ship of the State Road Department of Florida and the
Bureau of Pubiic Roads and the studies performed at
St. Anthony Falls Hydraulic Laboratory, University of
Minnesota. This series of tests is significant in that field
laying conditions were simulated, a condition designers
found lacking in other hydraulic studies. Laboratory test
installations were 240-feet long for the 36-inch pipe and
192-feet for the 24-inch pipe. Tests were made on pipe
installed in two ways: (1) pipe laid with normal construc-
tion practices and closely simulating fleld measurements
of joint irregularities, and (2} pipe laid with extreme care
to eliminate, as far as possible, ali flow interference at the
joints. The first condition was referred o as “average”
joints and the second as ““good” joints. Figure 1 illustrates
the irregularities noted in field joints and a cross section
of the pipe showing the average circumferential length of

grooves and beads. Joint irregularities were of three basic
types:
e ofisets—due to misalignment or variation in diameter
of pipe.
» grooves—formed by annular openings between
tongue and groove ends of pipe.
e beads and fillets—formed by mortar smoothed over
the interior surface of the joint.

Results of this series of tests were published in De-
cember 1960, by St. Anthony Falls Hydraulic Laboratory,
University of Minnesota, Technical Paper No. 22, Series B,
titled “resistance to Flow in Two Types of Concrete Pipe"
by Lorenz G. Straub, Charles E. Bowers and Meir Pilch.
A comparison of the test data for pipe with “good” and
“average” field irregularities indicates a difference in
Manning's n on the order of 1.9 percent. Numerical values

FIGURE 1: Cross-Section of Concrete Pipe
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tests on 3, 5, and 7-foot diameter corrugated metal pipe
at the Bonnevilie Hydrauiic Laboratery, Bonngville, Ore-
gon. Length of the test installations was 350 feet for ali
diameters. All pipe had a corrugation pattern of 234-inch x
1-inch. The experimental conditions as far as size and
length of pipe tested exceeded any previously used. Re-
sults of these tests were published in 1958, in the Journal
of the Hydraulics Division, Proceedings of the American
Society of Civil Engineers, “Friction Factors in Corru-
gated Metal Pipe” by Marvin J. Webster and Laurence R.
Metcalf. Recommended Manning n vaiues are presented
graphically in the reporl. As a conclusion, the report
states that for 3, 5 and 7-foot nominal diameter corrugated
pipe with a 22&-inch x Ya-inch corrugations and flowing
full, a Manning's n=0.024 was obtained.

In 1958, a program of hydraulic lests was initiated by
the U. S. Army Engineers, and the Bureau of Public Roads
at the U. 5. Army Waterways Experimeni Station for the
purpose of determining roughness factors for structural
plate corrugated metal pipe. The results were presented
in a paper at the 44th Annual Meeting of the Highway Re-
search Board, January 1965, and published in Highway
Record No. 116. The paper is titled “Friction Factors for
Hydraulic Design of Corrugated Metal Pipe,” by John L.
Grace, Jr. A major highlight of this research report was
the preparation of graphs showing the reiationship of
Manning's n with pipe size for three commercially avail-
able corrugation patterns. These graphs are reproduced
in Design Data 2. A summary of the range of n values and
the applicable equations reiating Manning’s n to pipe
diameters are presented in Table VI

The corrugated metal pipe industry has formally rec-
ognized the higher laboratory values of Manning's n
which research has proven for available corrugation pat-

of n for 36-inch and 24-inch pipe with “average” joinis
were 0.0111 and 0.0110, respectively and, as a result,
ASTM Specification C76 was written to require, “the joints
shall be of such design and the ends of the concrete pipe
sections so formed that when the sections are laid together
they will make a continuous line of pipe with a smooth in-
terior free from appreciable irregularities in the flow line.”

In the mid-1980's, laboratory tests of cancrete and plastic
pipe were conducted at the T. Blench Hydraulics Laboratory,
Department of Civil Engineering, The University of Alberta. A
report by D.K. May, AW, Peterson and N. Rajaratnam, A study
of Manning’s Roughness Coefficient for Commercial Concrete
Plastic Pipe, was published in January, 1986. Commercially
'| available concrete pipe in 8, 10 and 15-inch diametersand PVC
plastic pipe in 8, 10 and 18-inch diameters were tested with
clean water and straight alignment. The average Manning's n
values were found to be 0.010 for concrete pipe and 0.009 for
PVC pipe as presented in Table V.

To reconfirm the results of the Alberta and previous
studies, the American Concrete Pipe Association commis-
sioned additional tests on 8, 12 and 18-inch diameter precast
concrete pipe at the Utah Water Research Laboratory, Utah
State University, Logan, Utah. Results were published in
Hydraulics Report Number 157, J. Paul Tullis, October, 1986.
Laboratory values of Manning's n for precast concrete pipe
were reconfirmed as 0.010. Results are shown in Table VI

CORRUGATED METAL PIPE TESTS

Prior to 1250, comparatively few tests had been made
on large size corrugated metal pipe. For this reason, the
Office, Chief of Engineers, U. S. Army, in 1951, authorized

TABLEV: University of Alberta—1986. terns. The values of n recommended for unpaved corru-
Summary of Test Resulis gated metal pipe in the 1983 “Handbook of Steel Drain-
age and Highway Construction Products,” published by
o Number Manning's n Values the American Iron and Steel Institute, are presented in
Type & Size Pipe of Tabie VIl :
Tests | Maximum | Minimum | Average '
8-inch PVC 63 0.0115 0.0080 | 0.0088 ]
10-inch PVC 80 0.0104 0.0077 | 000s8a |TABLE VII; Friction Factors for Hydraulic Design
18-inch PVC 62 0.00296 0.0073 | 0.0091 of Corrugated Metal Pipe
Group 185 0.0115 0.0073 | 0.0088
8-inch Concrete 58 0.0138 0.0092 0.0101 e Pipe n
iC-inch Concrete | 61 | 00136 | 0.0087 | 00098 | Equation | “paseore® Size Value
15-inch Concrete 60 0.01186 0.0076 0.0097 Range Range
Group 179 0.0138 0.0076 | 0.0082
0.0259 00257
TABLE Vi:  Utah State University—1986. "= S0t 2% x W71 127 to 96 0 5337
Summary of Test Results :
) Nurmber Manning‘s n Values - 0.0350 3 x 17 35" to 98" 02382
Type & Size Pipe of D 6.075
Tests | Maximum | Minimum | Average 0.0262
8-inch Concrete 21 0.0100 0.0087 0.0098 0 ¢.0333
12-inch Concrete | 20 00102 | 00008 | 00100 | n=29377 | g 2" | 60" 10 2407 ro
18-inch Concrete | 23 00103 | 00097 | 0.0100 D0.0775 0.0298
Group 64 0.0103 0.0097 0.0098 |
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