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Response: There are several variations of metal bands and gaskets available forjoining 
corrugated metal pipe sections (see attached sheets) and this seems to be the 
only available method for doing so. Only one of the t~zetal band/gasket 
cunzbinations is corizpatible with helical cornrgations and it is riot 
recommended due to increasedproblerns with leakage. The remaining joints 
are designed to connect pipe with anntllar corrugations but, since even 
helically corrtigated pipe is typically recornrgated anntrlarly at the ends to 
facilitate better connections, the joints are conzpatible with both pipe types. 
Please refer to the attached docume~itation forjrrther details regarding the 
joints. 

Question: Is CMP available in both annular and helical corrugations? Joint connections 
are more difficult with helical co~~ugations. 

Response: Necrrly all of' the CMP rnade torlny is mantfactzrred with helical 
corr~rgatioris; however, ~ h c  pipe sectio~w are typically recorrtrgated at the 
ends lo facilimte better join1 connectio~zs. Please refer to the attached 
docunrentation forfi~rtlzer cletails regarding the corrugation. 

Question: Is CMP readily available in the large sizes required for this application? 
Response: Aluminized CMP is available in sizes tip to 144 inches. Larger sizes can be 

const~~uctetl fiorn strzrctural plate btrt that will not be necessary on this 
project. 

Request: Prepare a cost analysis for a ribbed box culvert. 
Response: A cosL analysis was prepared for the one-mile segment of McDowell Road 

from Hawes Road to Sossaman Road wing the same discharges that had 
been used in the previous analyses. The cost for this one-mile segment is 
slightly lower than the cost for the RGRCP option but is still significantly 
higher than the cost of the Aluminized CMP ($3,792,525, $3,884,222. and 
$2,148,968 respectivelyl. Please refer to the attached documentation for 
jirrther cost a~zc~lysis details. 

Please do not hesitate to call if there are any further questions or concerns that I can address. 

Sincerely, 

WOOD, PATEL & ASSOCIATES, INC. r&fi& 
Richard L. Hiner, P.E. 
Project Engineermanager 

cc: Afshin Ahouraiyan, FCDMC 
Y:\WGcnsral CCm~~pondmec\99989,R~pn~0(1 to Mcra (4-241-01) dm 
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Band Couplers Page 1 of 2 

BAND COUPLERS 

A band coupler is a collar or coupling which fits over adjacent end 
joined which, when drawn tight, holds the pipe together by friction or- by mechanical 
means. There are several types available including corrugated (annular), semi- 
corrugated, hat, dimple (universal), flat and internal expanding. Certain band couplers 
require specialized end treatment as indicated. Some band couplers are available in 
various thicknesses and widths. (Inquire) ~ .~ 

...7 - 

. . ,, 
UNIVERSAL END 

Recorrugated with Flange STANDARD . . RECORRU'GATED END 

I PI AIN END 

CORRUGATED or ANNULAR BAND SPIRAL or BIAS BAND 
(Includes semi-corrugated band) (Includes die formed integral band) 

End Treatment A &B End Treatment C 
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HAT BAND DIMPLE (UNIVERSAL) BAND 
End Treatment A & D End Treatment A, B, C, & D 

.- 
- 

- - t Brochure Available - A 
- 

CORRUGATION TYPES 

STANDARD PIPE GASKET TYPES 



Corrugation Types Page 1 of 1 

I CORRUGATION TYPES 

[ P~oiectiv~..~.~a~i.n3~ I 
eiahts I [Pipe Gaskets 

SPIRAL RIB PIPE & ~ r i ~ h i e l d ~  ~ .. ~. 
OUTSIDE RECTANGULAR HELICAL RIBBED PlPE 

..:T~ 

- 
.& 

, ~- 
, ~. . 

. . . . . . - -. . . . - . . . . 
ANNULAR PlPE HAS CORRUGATIONS 

PERPENDICULAR TO THE CENTER LINE OF THE PlPE 

HELICAL CMP 
HELICAL PlPE HAS SPIRAL CORRUGATIONS 

1 ANNULARCMP 



Pipe Gaskets Page 1 of 1 



ARIZONA DEPARTMENT OF TRANSPORTATION 

ALUMINIZED STEEL PIPE SELECTION 

add appropriate thickness 

When SLe<SLr consider three options to increase SL.e: 
1. Increase the pipe wal l  thickness (gage). This will increase the SLe. 
3. Consider juslfying a lower service life requirement if SLe is close to SLr 
2. Add bituminous coating. This adds 20 years to SLe. This is not normally a preferred option. 

Plan Reference No. I Plan Reference No. 1 Plan Reference No. I Plan Reference No. 
I I I 



a 
ARIZONA DEPARTMENT OF TRANSPORTATION 

INTERMODEL TRANSPORTATION DMSION 

PIPE SELECTION GUIDELINES AND 
PROCEDURES 

FEBRUARY 1,1996 
WITH MARCH 2 1, 1996 REVISIONS 

ROADWAY ENGINEEIUNG GROUP 
DESIGN SECTION 



ALUMINIZED STEEL PIPE 

Service life for Corrugated Aluminized Steel Pipe (CASP) and Spiral Rib Aluminized Steel Pipe 
'SRASP) shall be based on the respective AISI chart. Total expected pipe service life is dependent on @ .  pipe gage and the bituminous coating's service life. For aluminized steel pipe to be a viable alternate the 
coordinate point for pH and resistivity MUST fall within the defined AISI chart limits for aluminized 
steel. These limits are defined as resistivity greater than 1500 ohm-cm and pH between 5 and 9 as well 
as resistivity between I000 and I500 ohm-cm and pH between 7.2 and 9.0. Only then can more sewice 
life be achieved by increasing pipe gage or providing a bituminous coating which will add twenty years 
of service life. At present there is no design procedure for CASP or SRASP outside these pH and/or 
resistivity ranges. Outside these limits use other pipe alternates. 

ALUMINUM PIPE 

Corrugated Aluminum Pipe (CAP) and Corrugated Aluminum Structural Plate Pipe (CASPP) with a 
soil pH of 5 to 9 and a resistivity of 500 ohm-cm or greater, shall be given a service life of 50 years for 

, 16 gage aluminum, 62.5 years for 14 gage aluminum, and 87.5 years for 12 gage aluminum. The 
I bituminous coating shall be given an additive service life of 20 years. At present there is no design 

procedure for CAP outside these pH andlor resistivity ranges. Other pipe alternates will be utilized. 

CONCRETE PIPE 

Precast Reinforced Concrete Pipe (RCP), Precast Non-Reinforced Concrete Pipe (NRCP), and Non- 
Reinforced Cast-In-Place Concrete Pipe (NRCIPCP) with a soil pH of 5 or greater shall be given a 
service life of 100 years. When the pH is less than 5 investigate the use of concrete admixtures to 
overcome the acidic soils or use other pipe types. For high sulfate levels Materials Section will notify 
the designer when Type V rather than Type I1 cement shall be required. 

PLASTIC PIPE 

Corrugated High Density Polyethylene Plastic Pipe (CHDPEPP), with a soil pH of 1.25 to 14 and all 
ranges of resistivity, shall be given a service life of 75 years. 



ARIZONA DEPARTMENT OF TRANSPORTATION 

ALUMINIZED STEEL PIPE SELECTION 

add appropriate thickness 

When SLecSLr consider three options to increase SL?: 
1. Increase the pipe wall thickness (gage). This will increase the SLe. 
3. Consider jusifying a lower service life requirement if SLe is close to SLr. 

FIGURE A-3 



ARIZONA DEPARTMENT OF TRANSPORTATION 

ALUMINIZED STEEL PIPE SELECTION 
Sheet 4 of 10 

add appropriate thickness 

When SLe<SLr consider three options to increase SLe: 
1. Increase the pipe wall thickness (gage). This will increase the SLe. 
3. Consider jusifying a lower service life requirement if SLe is close to SLr. 

I I I 
b& w t  p ~ ~ .  I 1 

JAN 25.1996 
FIGURE A-4 



STEEL PIPE - ALUMINIZED 

The following example problems illustrate pipe selection procedures for Aluminized Steel Pipe. 

Example 1. 

SLr = 75 years pH = 7.2 Resistivity = 1500 ohm-cm 
Fill Height = 1'-3' Thickness = 0.064" AlSl Factor = 1.3 Trench Condition 
The AISI chart gives a SLb = 50 years. Thus, SLe = 1.3 X 50 = 65 years < 75 years. Increase gage and try 
again. SLe = 1.6 X 50 = 80 years. OK. Bituminous coating on the lesser gage also works. SLe = 65 + 20 
= 85 years. Use the extra gage choice. You will note that the procedure for Aluminized Steel Pipe in this 
case is identical to that for Galvanized Steel Pipe. This will always be the case as long as the pH and 
Resistivity values are within the AISI Chart limits for Aluminized Steel. 

Example 2. 
! 

Slr = 50 years, pH = 8.8 Resistivity = 2500 ohm-cm 
Fill Height = 3'-5' Thickness = 0.064" AISI Factor = 1.3 Non-Trench Condition 
The AISI chart Gives a SLb = 74 years. Thus, SLe = 1.3 X 74 = 96 years > 50 years, OK. 

i Again, this is the same result as was obtained for the galvanized steel pipe. 

Example 3. 

Slr = 50 years pH = 6.5 Resistivity = 6000 ohm-cm 
Fill Height = 5'-8' Thickness = 0.064" AISI Factor = 1.3 Non-Trench Condition 
The AISI chart gives a SLb = 45 years. Reduce this by half for soil moisture. Thus, SLe = 112 X 45 X 1.3 
= 29 years. Once again, as you can see, this procedure is leading to the same results as was derived for 
galvanized steel pipe in Example #3. As long as the pH and resistivity data fall within the acceptable limits 
of the AlSI chart for aluminized steel pipe the results will be identical. 

Example 4. 

SLr = 50 years pH = 7.1 Resistivity = 600 ohm-cm 
Fill Height = 3'-5' Thickness = 0.064" AISI Factor = 1.3 Trench Condition 
In this case the resistivity is outside the range of the AISI chart for aluminized steel pipe. Thus, aluminized 
steel pipe is not an acceptable alternative at this location. 

Example 5. 

SLr = 50 years pH = 5.7 Resistivity = 3000 ohm-cm 
Fill Height = 1'-3' Thickness = 0.064" AlSl Factor = 1.3 Non-Trench Condition 
Since pH and Resistivity are Within the AISI Chart limits for Aluminized Steel Pipe the result will be the 
same as for Galvanized Steel Pipe (see Galvanized Example #5 above). 

Examples 6-8. 

The Resistivity and lor pH at these locations are all outside the AISI chart limits. Example 6, pH = 9.3 > 9: 
Example 7, pH = 4.0 < 5; Example 8, Resistivity = 1400 ohm-cm < 1500 ohm-cm. Thus, Aluminized Steel 
Pipe is not an acceptable pipe alternative at these locations. - 



STEEL PIPE 
CGSP, SRGSP, CGSSPP, CILCGSP, CASP, SRASP 

See Standard Specifications 501-3.02 and -3.04 for Bedding and Backfill Requirements 
JANUARY 10. 1996 

is a viable alternative. 

t 
Determine minimum pipe thickness & corrugation 
size in inches from Fill Height Tables. 

I 

Life Required (SLr) in years. 

Obtain pH 8 Resistivity values. 

Materials 3;-ction will determine 
'if moisture ;round pipe will 

present a corrosion problem. 

Determine controlling fill 
height range in feet. 

4 

Service Life. -Three options are 
Concrete invert paving, - 
increasing metal 

available. Continue this 

thickness, using 
loop until acceptable 
alternatives are found. 

reinforced concrete or Steel Pipe selected 
polyethylene pipe will -is an acceptable 
be considered if alternate. 
abrasion is a problem 

1 
due to bed loads. 

Add bituminous 
coating which 

Is pH between or Is Resistivity YES 
lot acceptable equal to 5 to 97 Y~~ greater than or 

equal to 1500 

C 

I + 
Iselection of this alternate is I 

Use AlSl Chart for Galvanied 
.Steel to determine the Base 

Serv~ce Life (SLb) in years. 

complete. Proceed to the 
next pipe type selection. 

phmtm? 
A 

NO 1 

-is 

FIGURE B-1 

' I Use of Aluminized Steel pipe 
not acceptable as a pipe 

alternate for this location. 
NO 

1a;;ioyears; r 
Service Life. One 

pipe gage a lication on1 . 

Is Resistivity greater than or 
equal to 1000 ohm-cm 8 pH 

Determine expected Service Life 
SLe=*Factor X SLb. 'See Factor 

-greater than or equal to 7.2? Chart in Service Life Chart. 



CHART FOR ESTIMATING AVERAGE SERVICE LIFE OF CORRUGATED ALUMINIZED 

STEEL PlPE (CASP), AND SPIRAL RIB ALUMINIZED STEEL PlPE (SRASP). 

(COPIED FROM AISI CHART) - (FOR DRY SOIL CONDITIONS) 

Minimum Resistivii (R) ohm cm L-- 

E 
? 
N 

3 I00 

6 Thickness, In. 0.052 0.064 0.019 0.109 

18 16 14 12 10 8 

* Multlply years by Factor for the Varlous Metdl thickness 

i .- 

pipe selection llrnlts 



ALLOWABLE TYPES OF CULVERT PIPE FOR 
VARIOUS pH & RESISTIVITY RANGES 

Notes: 
1) Not allowed when pH is less than 7.2. 

RESISTMTY 
(ohm-cm) 

ALLOWABLE PIPE 
OR COATING 

TYPES OF CULVERT PIPE OR COATING 

r 2000 

A-B-C-D-E 

A 

1500-1999 

A-B-C-D-E 

Corrugated Galvanized Steel Pipe (CGSP), Spiral Rib Galvanized Steel Pipe 
(SRGSP), and Concrete Lined Corrugated Galvanized Steel Pipe (CLCGSP), 
AASHTO M 36/M 36M, and Corrugated Galvanized Steel Structural Plate Pipe 
(CGSSPP), AASHTO M 167/M 167M and 
Use pH and Resistivity Ranges in the AISI Chart. 

B Corrugated Aluminized Steel Pipe (CASP) and Spiral Rib Aluminized Steel Pipe 
(SRASP) , AASHTO M 36/M 36M. 
The pH Range is 5 to 9 
(except for resistivity range 1000-1499 -see footnote 1). 

C 

) 1 The pH Range is 1.25 to 14 and all Ranges of Resistivity. I 

1000-1499 

A-B' -c-D- 
E 

Corrugated Aluminum Pipe (CAP) , AASHTO M 196M 196M and Cormgated 
Aluminum Structural Plate Pipe (CASPP) , AASHTO M 219M 219M. 
The pH Range is 5 to 9. 

D Corrugated High Density Polyethylene Plastic Pipe (CHDPEPP) , 
AASHTO M 294. 

0 I 1 
November 6. 1995 

??IGURE D-1 

500-999 

A-C-D-E 

E 

< 500 

A-D-E 

Use Bituminous Coating on A, B or C when needed, AASHTO M 190 and 
AASHTO M 243. 



Suook Hill ADMS Undate 
Flood Control District ofMarieopa County 

FCD 99-43 
McDowell Road Alignment 

From Level I analysis, Option MDIB, estimate costs for entire option based on sample segment (Sossaman to Hawes) 

iles of earth channel 

April 12,2001 
WR # 99989 



Woodmatel 

Suook Hill ADMS Uudate 
Flood Control District of Maricopa CounQ 
FCD 99-43 

April 4,2001 
WP# 99989 

McDowell Road A l i m e n t  
Sossaman Road to Hawes Road 

Landscaped Earthen Channel Option 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 55,103 $220,412 

3 Culverts $310 CY 1,389 $430,590 

SUBTOTAL MAJOR ELEMENTS $1,682,316 

CONTINGENCIES: 
Construction 35% $588,811 
Engineering 7% $1 17,762 
Construction Admin 1 6% $100,939 

TOTAL MAJOR ELEMENTS $2,489,828 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE . UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 363,053 $399,358 

2 Fence $12 LF 10.560 $126,720 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $542,078 

CONTINGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL ADDITIONAL ELEMENTS $802,276 

LAND ACOUISITION: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $201,268 AC 10.27 $2,067,022 

2 Basin Land Acquisition $28,280 AC $0 

SUBTOTAL LAND ACQUISITION $2,067,022 

CONTINGENCIES : 25% $516,756 

TOTAL LAND ACQUISITION $2383,778 

TOTAL $5,875,881 
WU999Project~W9989SpookXiIf A D W  Updnte~preads~ets\Co~IE~n'mo~esLlLtemae Cort Analyrisbel IMeDowell - Sorsman to Hmvcs CMP cod 



Spook HZlAD&fS Un&te 
HwdControl Dirkit1 ofMarieopa County 
FCD 99-43 

McDawell Road Alienmen1 
Soruvnan Road to Hawrr Road 

RGRCP Pipe Option 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY M O U N T  

1 13T RCP Pipe (NolonSrd Lcngth) $762 LF 99 $75,398 
2 126" RCPPipe (NonStd Lcn& 
3 12I)' RCP Pipe (lion-StdLcngrh) 
4 11 4" RCP Pipc 
5 114"RCPPipc(Non-SldLcn&) 
6 108'RCPPipe 
7 108" RCPPipc (Nolan-Std Lcnqh) 
8 102' RCPPipc 
9 96' RCPPipc 
10 96' RCP Pips (NonStd Lcn~th) 
11 90" RCPPipc 
13 78" RCPPipc 
14 9 6  (78" ID.) Dirr. Ring 
15 108' (90'LD.) Diu. Riog 
16 114" (9C ID.) Diu. Ring 
17 120" (102" LD.) Dirs. Ring 
18 126" (108" ID.) Dl=. 
19 132' (114" ID.) Dirt. Riog 
10 Erpm 
21 Manhala 

SUBTOTAL MAIOR E L E M m S  , $Z,lG9J98 

CONTINGENCIES: 
Consrmction 
Eoginscring 
Coormcdon Admin 6% $130.176 

TOTALMAJOR ELEMENTS $3,211,004 

lTEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Landrsping $1.10 SF 211,200 $232,320 

SUBTOTAL ADDmONALELEMENTS $248220 

CONTINGENCIES: 
Conrmction 
Ensincering 
Consuvcrion Admin 

TOTAL ADDITIONAL ELEMENTS $367,514 

ITEM DESCRIPllON UNITPRICE UNIT QUANTITY AMOUNT 
1 m n d A c q u i s i t i o n  $87,120 AC 2.42 S210,830 

SUBTOTAL LAND ACQUISITION 5210,830 

CONI'INGENCIES : 45% $94.874 

TOTAL LAND ACQUlSlTlON $305,704 

TOTAL $3,884222 



Woodmatel 

Spook HiNADMS Updare 
Flood Control District of Maricopa County 

FCD 99-43 
McDowell Road Alienrnent 

Sossaman Road to Hawes Road 
Box Culvert Option 

April 11,2001 
WP # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 

1 10' x 7' Box Culvert $300 CY 3,546 $1,063,656 
2 10' x 4' Box Culvert 
3 Export 
4 Manholes 

SUBTOTAL MAJOR ELEMENTS $2,107,640 

CONTINGENCIES: 
Construction 35% $737,674 
Engineering 7% $147,535 
Construction Admin i 6% $126,458 

TOTAL MAJOR ELEMENTS $3,119,307 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping $1.10 SF 211,200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $248,320 

CONTINGENCIES: 
Construction 35% $86,912 
Engineering 7% $17,382 
Construction Admin 6% $14,899 

TOTAL ADDITIONAL ELEMENTS $367,514 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28,280 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $210,830 

CONTINGENCIES : 45% $94,874 

TOTAL LAND ACQUISITION S305,704 

TOTAL S3,792,525 



Spook Hill ADMS Update 
Flood Control Dlstrict of Maricopa County 
FCD 99-43 

McDoweU Road Alienment 
Sossaman Road to Hawes Road 

CMP Pipe Option 

April 4,2001 
W E #  99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 l l q  CMPF'ipe $359 LF 660 $236,940 
2 108" CMPPipe 
3 102" CMPPipe 
4 96" CMPPipe 
5 90" CMPPipe 
6 84" CMPPipe 
7 Export 
8 Manholes 

SUBTOTAL W O R  ELEMENTS $997,129 

CONTINGENCIES: 
Construction ! 35% $348,995 

. Engineering : 7% $69,799 
Construction Admin 6% $59,828 

TOTAL MAJOR ELEMENTS $1,475,751 

CMP Aluminized Type II with Concrete Invert and with slurry backfil to 1' over top of pipe 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 211,200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations (W & S) $8.000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $248.320 

CONTINGENCIES: 
Construction 35% $86,912 
Engineering 7% $17,382 
Construction Admin 6% $14,899 

TOTAL ADDITIONAL ELEMENTS $367,514 

LAND ACOUISITION: 

ITEM DESCRIPTION UNITPRICE L N T  QUANTITY AMOUNT 
I Channel Land Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28,280 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $210,830 

CONIi'NGENCIES : 45% $94,874 

TOTAL LAND ACQUISITION $305,704 

TOTAL $2,148,968 









Rick Hiner 

From: 
Sent: 
To: 
Subject: 

Brian Eiseman [beiseman@ ndcp.com] 
Friday, March 16,2001 2:45 PM 
Rick Hiner 
RE: energy dissipators for RCP 

Rick, it is possible to make them in larger diameters. I just finished 
talking with our production superintendent. He said that the larger sizes 
would have to be made in at least 2' lengths instead of 1' lengths as they 
are for 72" and smaller. The largest we have ever made is 72" and at the 
size they become very fragile in 1' lengths. As far as cost for the larger 
ones, I don't have any . . .  as I said the largest we have made is 72". If I 
had to estimate though, I would say that 108" would be about $1300 per 2' 
ring, 120" would be about $1600 per 2' ring, and 132" approximately $2200 
per 2' ring (132" may need to be made in 3'-4' because of the large 
diameter???). 

----- Original Message----- 
From: Rick Hiner [mailto:RHiner@woodpatel.coml 
Sent: Friday, March 16, 2001 11:47 AM 
To: 'Brian Eiseman' 
Subject: RE: energy dissipators for RCP 

Thanks Brian. Is it possible to get the rings in larger sizes? We are 
considering 108", 120", or 132". If these are not normal sizes, could they 
be custom made if the demand were high enough (we may need 200 to 250 of 
them for the application I am thinking of)? 

----- Original Message----- 
From: Brian Eisernan [mailto:beiseman@ndcp.coml 
Sent: Friday, March 16, 2001 10:28 AM 
To: Rick Hiner 
Subject: RE: energy dissipators for RCP 

Rick, 

Here are some rough numbers that you can use for estimating: 

24" - $90 per ring 
30" - $125 per ring 
36" - $165 per ring 
48" - $250 per ring 
60" - $375 per ring 
72" - $600 per ring 



Baffle s are installed in sets of four ... multiwlv 
four for each installation. 

Hope that helps 

Brian 

----- Original Message----- 
From: Rick Hiner [mailto:RHiner@woodpatel.coml 
Sent: Friday, March 16, 2001 10:59 AM 
To: 'Brian Eiseman' 
Subject: RE: energy dissipators for RCP 

Brian, 

Do you have any cost information available for the energy dissipator rings? 
Even a ballpark number would be fine for estimating purposes. 

Thank you, 

Rick Hiner 

----- Original Message----- 
From: Brian Eiseman tmailto:beiseman@ndcp.comj 
Sent: Thursday, March 15, 2001 3:02 PM 
To: rhinerBwoodpatel.com 
Subject: energy dissipators for RCP 

Rick, 

We finally found the original article that I faxed you last week for the 
energy dissipators in RCP. The article came from the June 1975 issue of 
Concrete Pipe News. Our copy is actually a copy of the original. If you 
would like a copy, please let me know and I will mail you one. 

Brian Eiseman 



Spook Hill ADMS Update 
Florid Control District of Maricopa County 
FCD 99-43 

McDowell Road Alienment 

April 12,2001 
WP # 99989 

From Level I analysis, Option MDIB, estimate costs for entire option based on sample segment (Sossaman to Hawes) 



Soook Hill ADMS Uodaie 
Flood Control Distrlct of Maricopa County 
FCD 99-43 

McDowell Road A l i m e n t  
Sossaman Road to Hawes Road 

Landscaped Earthen Channel Option 

April 4,2001 
WE # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Channel Excavation $4.00 CY 55,103 $220,412 

2 Drop Stluctures $310 CY 3,327 $1,031,314 

3 Culverts $310 CY 1,389 $430,590 

SUBTOTAL MAJOR ELEhiENTS $1,682,316 

CONTINGENCIES: 
Construction i 35% $588,811 
Engineering 7% $117,762 
Construction Admin 6% $100,939 

TOTAL MAJOR ELEMENTS $2,489,828 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNPTPRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 363,053 $399,358 

2 Fence $12 LF 10,560 $126,720 

3 Utility Relocations (W & Sf $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $542,078 

CONTINGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL ADDITIONAL ELEMENTS $802,276 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $201,268 AC 10.27 $2,067,022 

2 Basin Land Acquisition $28,280 AC $0 

SUBTOTAL LAND ACQUISITION $2,067,022 

CONTINGENCIES : 25% $516,756 

TOTAL LAND ACQUrsI'ITON $2,583,778 



SpookHiUADMS Up&# 

Flmd Conlrof Dislrict ofMarieopa County 
FCD 99-43 

MeDowell Road Alipnment 
Sar-an Road to Ewer Road 

RGRCP Pipe Option 

MAJOR ELEMENTS: 

ITEM DESCRIFTION UNITPRICE UNIT QUANTITY AMOUNT 

1 132" RCPPipe (NonlonStd Length) $762 LF 99 $75,398 
2 126" RCPPips (NonStd Length $711 LF  66 $46939 
3 1 2 0  RCP Pipc (NmStd Length) 
4 11CRCPPipc 
5 114" RCPPipe (NOD-Std Length) 
6 1Ob RCPPipe 
7 1 0 s  RCPPipc (NonStdLengthj 
8 102" RCPPips 
9 96" RCPPipe 
10 96" RCPPipc WOB-Std Length) 
11 90" RCPPipc 
13 78" RCPPips 
14 96" (78" ID.) Diss. Ring 

15 108" (90" LD.) Dim. Ring 
1 6  114" (96" 1.D.I Diss. Ring 
17 1 2 0  (10'2' LD.) Dis. Ring 
I8 126" (108"LD.j Dis.. Ring 
19 132" (114" LD.) Dim. Ring 
20 Export 

21 Manholw 

CONIINGENCIES: 
Construction 35% $759959 
Engineering 7% $151,872 
Construction Admin 6% $130.176 

TOTAL MAJOR ELEMENTS $3311,004 

ADDITIONAL ELEMENTS: 

lTEM DESCRIPTION UNITPRICE UNIT QUANnTY AMOUNT 

1 Lankraping $1.10 SF  211200 $232320 

2 Pcnco $12 LF 0 $0 

3 Utility Reloatimm (W &Sj $8,000 EA 2 $16.000 

SUBTOTAL ADDlTlONALE-S $248220 

CONTINGENCIES: 
Cm~truction 35% $86312 
Engineering 7% $17382 
Construction Admin 6% $14,899 

TOTAL ADDlTIONAL ELEMENTS $367,514 

ITEM DESCRIPIlDN UNITPRICE UNIT QUANnTY AMOUNT 

1 -nd~cqisition $87,120 AC 2.42 $210,830 

2 BasinLandAquisition $28280 AC 0.00 $0 

SUBTOTALLAND ACQUJSTITON $210,830 

CONTINGENCIES : 45% $94,874 

TOTAL LAND ACQUISITION $305704 

TOT& $3,88$222 



Spook HiNADMS Update 
Flood Control District ofMaricopa County 

FCD 99-43 
McDowcll Road Alignment 

Sossaman Road to Hawes Road 
Box Culvert Option 

April 11,2001 
WIP # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 10' x 7' Box Culvert $300 CY 3,546 $1,063,656 
2 10' x 4' Box Culvert $300 CY 2,909 $872,784 

3 Export $7 CY 17,600 $123,200 

4 Manholes $6,000 E A 8 $48,000 

SUBTOTAL MAJOR ELEMENTS $2,107,640 

CONTINGENCIES: 
Construction 35% $737,674 
Engineering 7% $147,535 
Construction Admin 6% $126,458 

TOTAL MAJOR ELEMENTS $3,119,307 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping $1.10 SF 211,200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations OK&S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $248.320 

CONTINGENCIES: 
Construction 35% $86,912 
Engineering 7% $17,382 
Construction Admin 6% $14.899 

TOTAL ADDITIONAL ELEMENTS $367514 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28,280 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $210,830 

CONTINGENCIES : 45% $94,874 

TOTAL LAND ACQUISITION $305,704 

TOTAL $3,792,525 



Spook Hill ADMS Update 

Flood Control District oPMaricopa County 
FCD 99-43 

McDoweU Road Allcnment 
Sossaman Road to Hawes Road 

CMP Pipe Option 

MAJOR ELEMENTS: 

April 4,2001 
WiP#99989 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 

1 114  CMPPioe $359 LF 660 $236.940 
2 10B" CMPPipe $292 LF 1,320 $385,440 
3 1W CMPPipe $278 LF 660 $183,480 
4 96" CMPPipe $262 LF 660 $172,920 
5 90" CMPPipe $238 LF 1,320 $314,160 
6 84" CMPPipe $27.4 LF 660 $147.840 
7 Export $7 CY 18,676 $130,729 
8 Manholes $6.000 E4 8 $48,000 

SUBTOTAL MAJOR ELEMENTS $997,129 

CONTINGENCIES: 
Construction 35% $348,995 
Engineering 7% $69,799 
Construction Admin 6% $59,828 

TOTAL MAJOR ELEMENTS $1,475,751 

CMP Aluminked Type II with Concrete Invert and with slurry bacMil to l'over top of pipe 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 211,200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations (W & Sf $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $248,320 

CONITNGENCZES: 
Construction 35% $86,912 
Engineering 7% $17,382 
Construction Admin 6% $14,899 

TOTAL ADDITIONAL ELEMENTS $367,514 

LAND ACOUISIIION: 

ITEM DESCRIFTION UNITPRICE UNIT QUANTITY AMOUNT 
I Channel Land Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28,280 AC 0.00 $0 

SUBTOTAL LAND ACQUISlTION $210,830 

TOTAL LAND ACQUISITION $305,704 

TOTAL $2,148,968 

w:v999 ProjeclsW9989-SpookHill ADMP UpdoleUprcodrhcer~\co~t E.?lim~eSWeDowell- Sossomon ro Hnwes CMP cosrAnaly~.xls-CMPPipc 



Woodmatel 

S ~ o o k  HiNADMS U~dole  
Flood Control District of Marieopa County 

FCD 99-43 
MeDowell Road Alignment 

Sossaman Road to Hawes Road 
Box Culvert Option 

April 12,2001 
W P  # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 10' x 7' Box Culveri $300 CY 3,546 $1,063,656 
2 IO'x4'BoxCulveri 
3 Export 
4 Manholes 

SUBTOTAL MAJOR ELEMENTS $2,107,640 

CONTINGENCIES: 

Conshuction 35% $737,674 
Engineering 7% $147,535 
Construction Admin 6% $126,458 

TOTAL MAJOR ELEMENTS $3,119,307 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping $1.10 SF 211,200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations (W & S) $8,000 EA 2 $16,000 

SUBTOTAL ADDITIONAL ELEMENTS $248,320 

CONTINGENCIES: 

Construction 35% $86,912 
Engineering 7% $17,382 
Consmction Admin 6% $14,899 

TOTAL ADDITIONAL ELEMENTS $367,514 

LAND A C O u m o N :  

ITEM DESCRIF'TION UNIT PRlCE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28,280 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $210,830 

CONTINGENCIES : 45% $94,874 

TOTAL LAND ACQUlSlTION $305,704 

TOTAL $3,792,525 





INCREASED RESISTANCE I N  BOX CULVERTS 

Mater ia l  f o r  t h i s  s e c t i o n  was drawn p r imar i ly  from an 
prel iminary FHWA r e p o r t  on f i s h  b a f f l e s  i n  box c u l v e r t s  
( V I I - C - 1 ) .  This r e p o r t  used Morr i s '  (VI I -C-4 )  c a t ego r i za t ion  
of flow regimes and bas i c  f r i c t i o n  equa t ions ,  b u t  a more 
r ep re sen ta t ive  approach v e l o c i t y ,  VA, i n  one of t h e  regimes. 
Experimental d a t a  by Shoemaker (VII-C-2) was a l s o  u t i l i z e d  
t o  de f ine  t h e  t r a n s i t i o n  curves.  For s eve ra l  reasons ,  modi- 
f i c a t i o n s  t o  t h e  f i s h  b a f f l e  development were necessary t o  
b e t t e r  f i t  energy d i s s i p a t o r  needs. I n  f i s h  b a f f l e  design,  
t h e  i n t e r e s t  i s  i n  a conserva t ive  e s t ima te  of r e s i s t a n c e  
i n  o rder  t o  s i z e  a c u l v e r t ;  whereas, i n  t h i s  manual, a  
conservat ive  es t imate  of the o u t l e t  v e l o c i t y  i s  a l s o  important.  
Also, f i s h  b a f f l e  design curves  involve bottom roughness 
only. 

The use  of a r e p r e s e n t a t i v e  approach v e l o c i t y ,  VA, allows 
an opportuni ty  t o  i npu t  c u l v e r t  parameters t h a t  w i l l  l e a n  
towards e i t h e r  an overpred ic t ion  o r  an underpredic t ion of 
r e s i s t ance .  For t h i s  manual, it is  approp r i a t e  t o  develop 
high a s  w e l l  a s  low r e s i s t a n c e  curves.  Rather than a t tempt  to  
de f ine  t h e  t r a n s i t i o n  between t h e s e  curves ,  an abrupt  t r a n s i -  - 
t i o n  i s  used a s  t h e  worst cond i t i on  f o r  t h e  high curves,  
and a s t r a i g h t  l i n e  t r a n s i t i o n  is assumed a s  t h e  mi ldes t  
condi t ion  f o r  t h e  low curves.  This  is i l l u s t r a t e d  i n  f i g u r e  
VII-C-7. 

7 

TRANSITION RESISTANCE 
ABRUPT (HIGH) 

- 
c - STRAIGHT LINE (LOW) 

c DESIGN Uh - 10 
I t  I I  1 1  

6 9 12 - L h  

FIGURE VII-C-7. TRANSITION CURVES BETWEEN FLOW 
REGIMES 

observat ions  by Powell (VII-C-3) are t h e  b a s i s  f o r  assuming 
t h e  6 t o  1 2  range of L/h f o r  t h e  t r a n s i t i o n  curve. An L/hz10 
is chosen f o r  des ign  because it y i e l d s  t h e  l a r g e s t  n value .  

VII-C-15 

- 



Design Recommendations 

The t h r e e  equa t ions  below form t h e  b a s i s  f o r  determining,  
through a procedure simular t o  t h a t  shown i n  f i g u r e  VII-C-7,  
t h e  upper and lower design curves  which can be used t o  
conse rva t ive ly  compute r e s i s t a n c e  f o r  c u l v e r t  s i z i n g  and 
o u t l e t  v e l o c i t i e s .  

The equat ions  a r e  based on CD=1.9 ,  f=0.14 (where f i s  t h e  
Darcy f r i c t i o n  f a c t o r  f o r  t h e  c u l v e r t  s u r f a c e  without rough- 
ness  e lements ) ,  and VA/V=0.60 o r  0.85. The lower value of 
V f l  is i m p l i c i t l y  included i n  equat ion VII-C-7 and t h e  
higher  va lue  i n  equa t ion  VII-C-8. It i s  assumed t h a t  ( R / R i )  ' I 3  
is approximately one. R is  the  hydrau l ic  r a d i u s  of t h e  
c u l v e r t  proper and R i  is t h e  hydraul ic  r a d i u s  taken i n s i d e  
t h e  cre.sts  of t h e  roughness elements. 

S ince  t h e  above equat ions  a r e  normal flow equat ion and s i n c e  
roughness elements may be r e l a t i v e l y  small  us ing t h i s  method, 
it is necessary t o  compute t h e  l eng th  of c u l v e r t  t o  be .-. 
roughened. . T h e  momentum equat ion,  w r i t t e n  f o r  t h e  roughened 
s e c t i o n  of c u l v e r t ,  i s  used t o  compute t h e  number of rows 
of roughness element needed. The number of rows should never 

I 
be less than f i v e .  Furthermore, it i s  recommended t h a t  one 
l a r g e  element be  used a t  the .beginning of t h e  roughened zone 
t o  a c c e l e r a t e  t h e  asymptotic approach t o  normal flow. The 
recommended h e i g h t  o f  t h e  l a r g e r  element i s  twice  t h e  he igh t  
o f  t h e  r e g u l a r  elements. The spacing is t h e  same f o r  a l l  
rows o f  elements.  

The procedure i s  l i m i t e d  t o  s o l i d  s t r i p  roughness elements 
wi th  sharp upstream edges. Rectangular c r o s s  s ec t ion  rough- 
nes s  elements w i l l  best f i t  t h e  assumptions made. 

Due t o  t h e  assumed v e l o c i t y  d i s t r i b u t i o n ,  a p p l i c a t i o n  of 
t h e  procedure must be l imi t ed  t o  smal l  roughness he igh ts  and 
t o  r e l a t i v e l y  f l a t  s lopes .  The roughness he igh t  should no t  
exceed t e n  pe rcen t  o f  t h e  flow depth.  This r e s t r i c t i o n  is 
inhe ren t ly  included i n  t h e  suggested range of h/Ri  i n  t h e  
des ign  procedure. Slope should not exceed 6 percen t ,  

Design Procedure 

Note: Steps  1 through 7 a r e  concerned with  computing an o u t l e t  
v e l o c i t y  t o  eva lua t e  scouring p o t e n t i a l  and/or t o  design 
a d d i t i o n a l  o u t l e t  p ro tec t ion .  



1. Use L/h=lO 

2.  S e l e c t  h/Ri from 0 . 1 0  t o  0.40. 

3 .  Compute Lr/P, where Lr= pe r iphe ra l  roughness length 
inc lud ing  s l o t s .  L,/P=l when roughness length ex t en t s  
through t h e  flow o r  when the  c u l v e r t  i s  flowing f u l l  
wi th  a roughness l eng th  equal  t o  the  circumference. 
S l o t s  a r e  provided f o r  low flow drainaqe.  Their  width 
should n o t  exceed h/2. P is the  t o t a l  wettea perimeter 
of t he  c u l v e r t .  I n  t h i s  s t e p  assume the  c u l v e r t  w i l l  
flow f u l l ;  s o  

and 
P=2 (B+D) 

Lr=B f o r  bottom roughness only 

4 .  Determine (nr/n) from t h e  lower se t  of curves of f i g u r e  
VII-C-8. I n  this r a t i o ,  "n" is  t h e  Manning r e s i s t a n c e  
c o e f f i c i e n t  f o r  t h e  c u l v e r t  without roughness elements 
o r  .015, whichever i s  smal le r .  Compute 
o v e r a l l  e f f e c t i v e  Manning r e s i s t a n c e  coe 
roughened p o r t i o n  of t h e  c u l v e r t .  

5. Determine t h e  flow depth,  y i ,  measured from t h e  roughness 
element crests : 

a.  Assume a value of h from h= (h/% )BD/2 (B+D) 

b. Assume a t r i a l  value  of y i  . I n i t a l l y  assume yi=D-h. 
Compute C=1. 49So ' /y'n, 

c. Compute % and 3 

d. Compute "Q" from t h e  Manning equa t ion  

where S, = bottom s l o p e  of t he  c u l v e r t  

e. Compare Q wi th  Q(DES1GN) ; and inc rease  yi i f  Q is  
less than Q (DESIGN) ; decrease  yi i f  Q is  g r e a t e r  
than Q (DESIGN) . 

f .  Repeat s t e p s  5c,  d ,  and e u n t i l  Q and Q(DES1GN) 
a r e  approximately equal .  

6.  a. Compute t h e  v e l o c i t y ,  V ,  us ing  from t h e  l a s t  
i t e r a t i o n  

V=Q/% 



- 
' i 

b. Compare V wi th  t h e  al lowable o u t l e t  ve loc i ty .  If 
a d i f f e r e n t  value  of V i s  r equ i r ed ,  s e l e c t  a new 
h/Ri and r e p e a t  s t e p s  2 through 6 .  .- 

7. Compute t he  r equ i r ed  number of rows of roughness elements 
from t h e  momentum equat ion w r i t t e n  as fol lows:  

where : and Vn a r e  normal depth and v e l o c i t y  f o r  
3 e  smooth c u l v e r t .  
y i  and V i  a r e  normal depth and v e l o c i t y  f o r  t h e  
rough c u l v e r t  

CD'l. 9 
Af-wetted f r o n t a l  a r e a  of a roughness row 

=B (h)  f o r  bottom roughness 
p =1.94 
V,=average w a l l  v e l o c i t y  a c t i n g  on t h e  

roughness elements 
-Vavg . /3= (Vn+Vi ) [6 

Narequired number of rows of roughness elements 

Note: Steps  8 through 9 check t h e  h e i g h t  of t h e  c u l v e r t  
for capaci ty .  

- 
8. Determine (nr/n) from the upper set of curves of 

f i g u r e  VII-C-8,  us ing  Lr/P from s t e p  3.  Compute "nr." '1 

'9 .  Check adequacy of c u l v e r t  he igh t  and compute flow depth 
i f  necessary by t r i a l  and e r r o r :  

a. Compute h us ing  R i  from s t e p  5 

b. Try y j=D-h 
Compute c = 1 . 4 9 ~ ~ ' / ~ / n ~  

c. Compute A i  and R i  

d .  Compute "Q" from the Manning equat ion 

e. Compare "Q" w i th  "Q(DES1GN) ." If "Q" i s  g r i a t e r  
than o r  equal  t o  Q(DESIGN1, t h e  c u l v e r t  s i z e  is 
adequate. If "Q" is l e s s  than "Q (DESIGN),' i nc rease  
D and r e p e a t  s t e p s  9b through e.  



1 0 .  U s e  the l a s t  value  of D a s  t h e  h e i g h t  of t he  c u l v e r t  f o r  
t h e  roughened sec t ion .  

11. Specify dimensions: 

U s e  h from s t e p  9a 
Compute L=lOh 
U s e  one upstream element twice t h e  he igh t  

of the o t h e r s ;  hl=2h 

Design Example 

Given: 4'x4' box cu lve r t ,  200 f e e t  long 
n=.013, 6% s l o p e  
Q (DESIGN) 100 c f s  
Allowable o u t l e t  ve loc i ty= lS  f p s  
V0=Vn=22.3 f t / s ec .  
y0=yn=1.12 feet 

1. Use L/h=lO 

2. S e l e c t  h/Ri =0.10; use bottom roughness only 

3. &=B=4 f t .  
P=2 (B+D) =16 f t  . 
&/P=. 25 

4. (nr/n)=2.25 from t h e  lower set of curves of f i g u r e  VII-C-8 
nr- 2.25~. 013x0 -029 -A 

5. Flow depth is: 

c. AiL4-(3.9)=15.6 
Ri=15..6/(4+7.8)=1.32 

d. Q=[ (1.49/n,)~~"~]~~~~~"=[12.6] (15.6) (1.20)= 
237 cfs>100 c f s  

t r y  smaller y i  

T r i a l  
y i % % Q cis 



156.5+4326.2=26.1N+499.2+2425 
N=59.7 use 60  rows 

8.  (nr /n)=2.5  f r o m  the u p p e r  curves f i g u r e  VII-C-8 
nr=2.5x0.013=0.033 

9. a. h=O.10(1)=0.1  
b. Try y.=4-0.1=3.9' ,  C = l l . l  
c. %=4 (!!.9)=15.6 

%=IS.  6/ (4+7.8)  =l. 32  
d. Q=[11.11 (15 .6 )  (1 .32)  * /3=208 
e. Q>Q(DESIGN) ;  therefore t h e  culvert  s i z e  is a d e q u a t e  

11. h = O . l t ,  use 1 1/4"  a n g l e s  
L = l O h = l l ;  u s e  1 ' -0 '  
h1=2h;  use 2 1 /2"  angles 

CRITICAL DEPTH 

- T  
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Woodmatel 

Soook Hill ADMS U D & ~  
Flood Control District of Maricopa County 
FCD 99-43 

McDowell Road Alimment 
Sossaman Road to Hawes Road 

Landscaped Earthen Channel Option 

April 2,2001 
WIP # 99989 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Channel Excavation $4.00 CY 55.103 $220.412 

3 Culverts $310 CY 1,389 $430,590 

SUBTOTAL MAJOR ELEMENTS $1,682,316 

CONTINGENCIES: 
Construction 
Engineering 
Construction Admin 

TOTAL MAJOR ELEMENTS $2,489,828 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 363,053 $399,358 

2 Fence $12 LF 10,560 $126,720 

3 Utility Relocations $5,000 EA 2 $10,000 

SUBTOTAL ADDITIONAL ELEMENTS $536.078 

CONTINGENCIES: 
Consimction 
Engineering 
Consimction Admin 

TOTAL ADDITIONAL ELEMENTS $793,396 

LAND ACOUISITION: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $201,268 AC 10.27 $2,067,022 

2 Basin Land Acquisition $28,280 AC $0 

SUBTOTAL LAND ACQUISITION $2,067,022 

CONTINGENCIES : 25% $516,756 

TOTAL LAND ACQUISITION $2,583,778 

TOTAL $5,867,001 
W:U999ProjectsV9989SpmRHill ADMP UpdnteUprea~heet5\CostEstirnateswIlerna~e Cost Anolysis\twel IMeDowell - Sos8mnan to Hmver CMP cost 
Analysi~~xls-Eanhen Chqnnel 



Swok IIiUADMS Undot. 
Elmd Control District ofh5ricopa County 
P O  99-43 

McDnaell Road Alienmenr 
Srasaman Road lo tfsae,Road 

RGRCPPipe Option 

April 2,2001 
WlP# 99989 

ITEM DESCRETION UNITPRICE UNlT QUANTITY AMOUNT - 
1 132" RCPPipc Won-Std Length) $762 LP 99 $75,398 
2 126" RCPPip (Non.Std Length $711 LF 66 $46,939 
3 120" RCPPipe Won-Std Length) 
4 114'RCPPipc 
5 114" RCPPip Wonstd Lazthl  
6 IOC'RCPPipc 
7 108" RCPPipe Won-Std Lcngth) 
8 102" RCPPipc 
9 96" RCPPipc 
10 96" RCPPipcBTonStdLength) 
n w" RCPP~,. 
13 78" RCPPipc 
14 96" (78" ID.) Dias. Ring 
I5 108" (90" I.D.) Dim. Ring 
16 114" (96" LD.) Dim. Ring 
17 120" (102" I.D.) Dim. Ring 
18 126"(108" tD.) Diss. Ring 
19 132" (114" ID.) Dim. Ring 
20 b r t  
21 Manholw 

$658 LF 75 
$445 LF 1,155 
$623 LP 59 
$407 LF 564 
$570 LP 70 
$349 LP 551 
$295 LP 573 
$413 LP 149 
$262 LP 554 
$200 LP 1.081 

$1,025 EA 45 
$1.300 EA 18 
$1,450 EA 14 
$1,600 EA 17 
S19W EA IS 
$2200 EA 20 

CY 
$6,000 EA 34 

SUBTOTAL MAJOR ELEMENL"S 

CONrINGENCIEs: 
consk"cti0n 35% 
hgineering 7% 
C o n s m t i o n  Admidmi 6% 

TOTALMAJOR ELEMENTS 

ITEM DESCRIPTION UNITPRICE UNlT QUANTITY AMOUNT 

1 laobcaping $1.10 SF 211,200 $232920 

2 Pence $12 LF 0 $0 

3 Utility Rclocationa $5,000 EA 2 $10,000 

SUBTOTAL ADDITIONAL ELEMENTS $242,320 

TOTAL ADDITIONALELEMENTS $358,634 

IAND ACOWSITION: 

lTEM DESCRETION UNITPRICE UNlT QUANTITY AMOUNT 
1 Channel b a d  Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28.280 AC 0.00 $0 

SUBTOTALLANDACQUISlTION $210,830 

CONnNGMiCIES : 4 5 6  $94,874 

TOTAL LAND ACQUISITION $305,704 



Woodmatel 

S~ook  HiN ADMS Uvdafe 
Hood Control District of Maricopa County 
FCD 99-43 

McDoweU Road Allenment 
Sossaman Road to Hawes Road 

CMP Plpe Option 

April 2,2001 
W P  # 99989 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 11.1" CMPPipe $359 LF 660 $236,940 
2 108" CMPPlpe $292 LF 1,320 $385,440 

3 102"CMPPipe $278 LF 660 $183,480 

4 96" CMPPipe $262 LF 660 $172,920 

5 90" CMPPlpe $238 LF 1,320 $314,160 

6 84" CMPPipe $224 LF 660 $147,840 

7 Export $7 CY 18,676 $130,729 
8 Manholes $6,000 EA 8 $48,000 

SUBTOTAL MAJOR ELEMENTS $997,129 

CONTINGENCIES: 
Construction 35% $348,995 
Engineering 7% $69.799 
Construciion Admin 6% $59,828 

TOTAL MAJOR ELEMENTS $1,475,751 

CMP Aluminized Type II with Concrete Invert and with slurry backfil to 1' over top of pipe 

ADDITIONAL ELEMENTS: 

ITEM DFSCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
1 Landscaping $1.10 SF 211,200 $232,320 

2 Fence $12 LF 0 $0 

3 Utility Relocations (W & S )  $5,000 EA 2 $10,000 

SUBTOTAL ADDITIONAL ELeMENTS $242,320 

CONTINGENCIES: 
Construction 35% $84,812 
Engineering 7% $16,962 
Construction Admin 6% $14,539 

TOTAL ADDITIONAL ELEMENTS $358,634 

LAND ACOUISITION: 

ITEM DESCRIPIlON UNITPRICE UNIT QUANTITY AMOUNT 
1 Channel Land Acquisition $87,120 AC 2.42 $210,830 

2 Basin Land Acquisition $28,280 AC 0.00 $0 

SUBTOTAL LAND ACQUISITION $210,830 

TOTAL LAND ACQUISITION $305,704 

TOTAL $2,140,088 













Spook Hill ADMS Update 
Flood Control Dislrict of Maricopa County 

March 27,2001 

WiP # 99989 
FCD 99-43 

McDowell Road Alienment 
Sossarnan Road to Hawes Road 

CMP Pipe Option 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 114" CMPPipe $359 LF 660 $236,940 

2 108" CMPPipe $292 LF 1,320 $385,440 

3 102" CMPPipe $278 LF 660 $183,480 

4 96" CMP Pipe $262 LF 660 $172,920 

5 90" CMPPipe $238 LF 1,320 $314,160 

6 84" CMP Pipe $224 LF 660 $147,840 

7 Expon $7 CY 18,676 $130,729 

8 Manholes $6,000 EA 8 $48,000 

SUBTOTAL MAJOR ELEMEhTS $997,129 

CONTINGENCIES: 
Consauction 35% $348,995 
Construction Admin 6% $59,828 

TOTAL MAJOR ELEMENTS $1,405,952 

ADDITIONAL ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Landscaping $1.10 SF 0 $0 

2 Fence $12 LF 0 SO 

3 Utility Relocations $5,000 EA 2 $10,000 

SUBTOTAL ADDITIONAL ELEMENTS $10,000 

CONTINGENCIES: 
Construction 35% $3,500 
Construction Admh 6% $600 

TOTAL ADDITIONAL ELEMENTS $14,100 

LAND ACOUISITION: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Land Acquisition $43,560 AC 0.00 $0 

2 Bash Land Acquisition $28,280 AC 0.00 $0 

CONTINGENCIES : 25% $0 

TOTAL LAND ACQUISITION $0 

TOTAL $1,420,052 



Spook Hill ADMS Undore 
Flood Control District of Maricopa County 
FCD 99-43 

McDowell Road Alienment 
Sossarnan Road to Hawes Road 

March 27,2001 
WE # 99989 

Earthen Channel Option 

MAJOR ELEMENTS: 

ITEM DESCRIPTION UNIT PRICE UNIT QUANTITY AMOUNT 

1 Channel Excavation $4.00 CY 55,103 $220,412 

2 Dmp Structures $163 SF 6,356 $1,036,028 

3 Culverts $310 CY 1,389 $430,590 

SUBTOTAL MAJOR ELEMENTS $1,687,030 

CONTINGENCIES: 
Construction 35% $590,461 
Construction Admin 6% $101,222 

TOTAL MAJOR ELEMENTS $2,378,712 

ITEM DESCRlPTlON UNIT PRICE UNIT QUANTITY AMOUNT 
P 

I Landscaping $1.10 SF 363,053 $399,358 

2 Fence $12 LF 10,560 $126,720 

3 Utility Relocations $5,000 EA 2 $10,000 

SUBTOTAL ADDITIONAL ELEMENTS $536,078 

CONnNGENCIES: 
Construction 35% $187,627 
Construction Admin 6% $32,165 

TOTAL ADDITIONAL ELEMENTS $755,870 

LANDACOUISITION: 

ITEM DESCRIPTION UNITPRICE UNIT QUANTITY AMOUNT 
$201,268 AC 10.27 $2,067,022 

2 Basin Land Acquisition $28,280 AC $0 

SUBTOTAL LAND ACQUISITION $2,067,022 

CONTINGENCIES : 25% $516,756 

TOTAL LAND ACQUISITION $2,583,778 

TOTAL %5,718,361 
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Land Takes 
McDowell Road Option l a  Earthen Channel 

Segment 

- 
Take (T, P, Parcel Area Parcel Width Depth of Take Area Take Area Land Value 

Parcel or N) (acres) (n) Take (R) (acres) (Yo) 15) Feature cost ($1 

Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 

Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 

Channel 
Channel 
Channel 
Channel 
Chennel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 

10 Basin 

12 Channel 

13 Channel 
13 Channel 
13 Channel 

Total (ac) 22.02 

Basm lac) 14.23 

Channel (ac) 7.79 



Scenario: Base 

Sossaman Raod 
Hawes Road 

0-1 P-8 1-8 P-7 1-7 P-6 1-6 P-5 1-5 P-4 1-4 P-3 1-3 P-2 1-2 P-1 - 1-1 
,Ap---.- -- rn :- - rn r. - 

Title: McDowell Road CMP Storm Drain from Sossarnrnan Rd to Hawes Rd Projeci Engineer: Network Adminsitratoi 
w:\ ... \hydraulic~\$tom cad\rncdowell cmp.strn Wood Patel & Associates StorrnCAD v3.0 [319] 
03/23/01 08:51:56 AM @ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1 



Sce a: Base 

Pipe Report 

Title: McDowell Road CMP Storm Drain from Sossamman Rd to Hawes Rd Projed Engineer: Network Adminsitrator 
w:\ ... \hydraulics\5torm cadhcdowell cmp.stm Wood Patel &Associates StormCAD v3.0 [3191 
03123101 08:49:47 AM 0 Haestad Methods, lnc. 37 Brookside Road Waterbuv, CT 06708 USA (203) 755-1666 Page 1 of 1 

Label 

P-1 
P-2 
P-3 
P 4  
P-5 
P-6 
P-7 

P-8 

Hydraulic 
Grade In 

(ft) 

1.74778 
1.731.30 
1,715.30 
1,702.50 

' 1,69002 
1.678.21 
1',667.09 

US 
Node 

1-1 
1-2 
1-3 
14 

1-5 
1-6 
1-7 
1-8 

Hydraulic 
Grade Out 

(ft) 

1.731.59 
1.715.65 
1,702.80 
1,690.33 
1,678.52 
1.667.47 
1,654.42 

1,653.971.642.64 

DS 
Node 

1-2 
1-3 
14 
1-5 
1-6 
1-7 

1-8 
0-1 

Length 
(ft) 

660.00 
660.00 
660.00 
660.00 
660.00 
660.00 
660.00 
660.00 

3onstructec 
Slope 
(Wft) 

0.025000 
0.025000 
0.025000 

0.017000 
0.017000 
0.017000 
0.016667 
0.017000 

System 
Fixed 
Flow 
(cfs) 

400.00 
500.00 
600.00 
700.00 
800.00 

900.00 
,000.00 
,100.00 

Capacity 
(cfs) 

570.88 
686.20 
686.20 
672.12 

790.06 
920.14 
91 1.08 
,062.85 

Section 
Size 

84 inch 
90 inch 
90 inch 
96 inch 
102 inch 

108 inch 
108 inch 
114 inch 

Mannings 
n 

0.023 
0.023 
0.023 
0.023 
0.023 
0.023 
0.023 
0.023 

Upstream 
Invert 

Elevation 
(ft) 

1,742.51 
1.725.51 
1.709.01 
1,692.01 
1,680.79 
1.668.57 
1,657.35 
1,645.85 

DS 
Invert 

Elevation 
(ft) 

1.726.01 
1.709.01 
1,692.51 

1,680.79 
1.669.57 
1.657.35 
1.646.35 
1,634.63 

Upstream 
Ground 

Elevation 
(8) 

1,756.00 
1.740.00 
1,724.00 

1,710.00 
1.698.00 
1.684.00 
1.671.50 
1,660.00 

DS 
Ground 

Elevation 
(ft) 

1,740.00 
1,724.00 
1.710.00 

1,698.00 
1,684.00 
1,671.50 
1,660.00 
1,649.00 

US 
Cover 

(ft) 

6.49 
6.99 
7.49 

9.99 
8.71 

6.43 
5.15 
4.65 

Average 
Velocity 

(Ws) 

12.52 

12.88 
14.38 
13.93 
14.10 
1415 

16.17 
17.14 

DS 
Cover 

(ft) . 

6.99 
7.49 
9.99 
9.21 

5.93 
515  
4.65 
4.87 



Profile 
Scenario: Base 

Label: 1-1 
Rim: 1,756.00 ft 
Sump: 1,742.51 ft 

~ ~ . ~ - -... ~ ~ 1,760.00 
! 

Elevation (ft) 

Title: McDawell Road CMP Storm Drain from Sossamman Rd to Hawes Rd 
w:\.\hydra~li~5\5to~mtrm cad\mdoweil mp.stm 
03/23/01 08:47:24 AM 

Station (ft) 

Wood Patel & Assosiates 
Q Haestad Methods, inc. 37 Brookside Road Wate*ury, CT 06708 USA (203) 7551666 

Projed Engineer: Network Adminsitrator 
StoimCAD "3.0 [3191 

Page 1 of 1 



INSTALLED CMP COSTS FROM BRIAN ROCHE CONTECH 3126101 
DOES NOT INCLUDE SLURRY BACKFILL TO SPRINGLINE 



RGRCP Pipe Material and Installation Costs I Installation Cost W/O Pavement Replacement 
P'pe Size Pipe T w  Min. Depth Max. Depm Utiiitier Prenent? Material CoJVLF (a) lndall Spoil Next To Conof inrtalled CorVLF Pay Wlmh Rlmt Rep CarVLF Installed ConflLF 

(in1 d cover (n) ol cover (n) nsgree of m a i ~ u m ~ ?  IHvdro-condun) Undei l raf t id  Excavation? lnrtallatim (b) w l ~ v m t  ~ e p  lft) Pipe e $25 SY WIO h m t  Rep 

Lasf ihreevaluer extrapolated 

Id1 - inntailed CLCMPcorts from Brian Roohe. Canieoh. June 11, 1999. 

(e) - Bared on input born the FCDMC prices were increase by 50%. checked ~ 8 t h  J Ralelgh at Biusor , he lhinlu VIi* is mnre~a t i ve fo r  the location, September 29. 1889. 

CLCMP Pipe Material and Installation Costs 
Pipe size Pipe Type Gage and Archon AME Achen Gardner PCL Average Confeoh Cost Used for 

(in) Conugafion Hel-Cor CL (dl E~ f imete  

1 48 1 CLCMP 1 140 2.219'X112' 1 I I I 1 ! $70 1 .. , 8 ..-A 8 .~- n o  . ~ - I 

NOW 8235 CLCMPCO~IJ aiefromFCDMC bld tabs for GiendaieAvenueStarmDam, January7, 1999. 

Pipe Corbzls 3127101 11:21 AM Page 1 of 1 



Desen Amethy age PmJed a Wood. Pa I d e l ,  1°C. 

Nae: (a). Material Costs areforclass Ill RGRCPImm Stew Waller, HydroCondun dated October20. 1sS8. 
(b) - Inmlallsd cost= srefmm R Eiuhsn. Puilse Construstton, dated Novembsr 24.1898. RGRCP total E O E ~  inci~de~pavemsnt removal and repiac~ment. 1 

! 

Pvliss P i p  Coafaxk 3/27/01 11:20 AM Page 1 of 1 
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formed I e end 

* 
c w 

< 

9" - 
0 

:: 
? Band l op  not shown 

for c,or i+y  LTYP, k - 
S ANNULAR CORRUGATED BAND 

NGLE CONNECTOR DETAIL 
5 

formed p i p e  end - 
a 13 mm x 150 mm B o l +  ( I Y P I  

v 

i * 
m , 
B 
m rn - 
" 
: 
c, 

SEMI-CORRUGATED BAND 
BAR AND STRAP CONNECTOR DETAIL  

1 3  mm x I 5 0  mm B o l t  * P I P E  ARCH ONLY 

ALL D IMENSIONS ARE I N  MILL IMETERS 
UNLESS OTHERWISE NOTED 

TYPE J 
BAND ANGLE CONNECTOR DETAIL  

1 3  mm x 150  mm Bolt  I T Y P I  

I EXIRES JULY L ,999 I 

COUPLING BANDS FOR 
CORRUGATED METAL PIPE 

STANDARD PLAN 8 - 1 3  

TYPE K 
DOUBLE BAR AND 

BAND ANGLE CONNECTOR DETAIL  STRAP CONNECTOR 
DETAIL  

- . 
---a*-------.-l*- ,,=------ "-"".z-- 
m-. 

APPROVED FOR P U B L i C l T i O N  

CliffOrdE. Mansfield 1 E 8  
P m.n qj "as",".&" S7.n Dwm,m", b. ,w"m,..,w 

0LYU.I.. "AS4,"rn" 



TRENCH AND NON-TRENCH CONDITION 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 
RANGE 1 

a CORRUGATION SIZE IN  INCHES: 2%'X%' = 2%~1/2. 3'XI' = 3x1, ETC. 

a NOT APPLICABLE FOR THIS INSTALLATION. USE OTHER EQUAL ALTERNATIVES. 

a NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS, OR 
NON-TRENCH CONDITION. 

@ CELL CLASS NO. 324420C. 

@ 5' X 1' CORRUGATION SHALL BE EQUIVALENT TO 3' X 1'. 

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA.) TO PRODUCE 

A .01" CRACK. 



TRENCH AND NON-TRENCH CONDITION 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 

a CORRUGATION SIZE IN  INCHES: 22/,'~)12' = 2Y3Xv2, 3"XI" = 3x1. ETC. 

@ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 

a NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS. OR 
NON-TRENCH CONDITION. 

@ CELL CLASS NO. 324420C 

6 5' X 1' CORRUGATION SHALL BE EOUIVALENT TO 3 "  X 1'. 
SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE 
A .01' CRACK. 



TRENCH AND NON-TRENCH CONDITION 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 
r RANGE 3 i 

FILL HEIGHT: GREATER THAN 5' BUT NOT EXCEEDING 8' 1 

@ CORRUGATION SIZE IN INCHES: 2 % ' ~ y 2 '  = 2 % ~ y 2 ,  3"XI '  = 3x1. ETC. 

@ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 

0 NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS. OR 
NON-TRENCH CONDITION. 

@ CELL CLASS NO. 324420C 

a 5' X 1" CORRUGATION SHALL BE EQUIVALENT TO 3' X 1'. 

SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE 

A .01' CRACK. 



TRENCH CONDITION AND NON-TRENCH 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 

a CORRUGATION SIZE IN INCHES: 2YsnX%' = 2Y3xV2, 3'XlB = 3x1. ETC. 

@ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 

@ NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS. OR 
NON-TRENCH CONDITION. 

@ CELL CLASS NO. 324420C. 
@ MAX FILL HEIGHT 10' 

@ 5' X 1' CORRUGATION SHALL BE EOUIVALENT TO 3' X 1'. 

a SPECIAL DESIGN MUST MEET INDICATED D-LOAD ILB/LFT/FT-DIAI TO PRODUCE 
A .01' CRACK. 



TRENCH CONDITION AND NON-TRENCH 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 
RANGE 5 

FILL HEIGHT: GREATER THAN 11' BUT NOT EXCEEDING 15' 

CORRUGATION SIZE IN  INCHES: 273"XYz' = ~ Y ~ X Y ~ ,  3'XI' = 3x1. ETC. 

@ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 

a NRClPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS. OR 
NON-TRENCH CONDITION. 

@ 5" X I "  CORRUGATION SHALL BE EOUIVALENT TO 3' X 1'. 

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE 
A .01' CRACK. 



TRENCH CONDITION 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 

a CORRUGATION SIZE IN  INCHES: 2Y3"X)/2" = 2?7'3Xj/2, 3'XI' = 3x1. ETC. 

@ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 

@ NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS. 
@ MAXIMUM F lLL  HEIGHT 19' 
@ MAXIMUM F lLL  HEIGHT 18' 

5" X I' CORRUGATION SHALL BE EOUIVALENT TO 3' X In. 
SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE 
A .01' CRACK. 



NON-TRENCH CONDITION 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 

a CORRUGATION SIZE IN  INCHES: 2?3'XV2' : 2Y3Xy2. 3 " X l q  = 3x1. ETC. 

@ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 

@ 5' X I' CORRUGATION SHALL BE EOUIVALENT TO 3' X 1". 

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE 
A .01' CRACK. 



TRENCH CONDITION 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 

CORRUGATION SIZE IN  INCHES: 24j'XYz' = 22/5XY~. 3 'X l "  = 3x1. ETC. 
NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 
NRCIPCP SHALL NOT BE USED FOR CULVERT PIPE INSTALLATIONS. 
MAXIMUM FILL HEIGHT 24' 
MAXIMUM FILL HEIGHT 21' 
5' X 1' CORRUGATION SHALL BE EOUIVALENT TO 3" X 1'. 
SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA) TO PRODUCE 
A .01' CRACK. 



NON-TRENCH CONDITION 
CIRCULAR CULVERT, STORM SEWER AND 

IRRIGATION PIPES 
RANGE 7 

FILL HEIGHT: GREATER THAN 20' BUT NOT EXCEEDING 25' 
C S P  C A P  RCP NRCP 

I I I I I I I I 

a CORRUGATION SIZE I N  INCHES: 2Y3"XY2' = 22/3XY2. 3'XI '  = 3x1. ETC. 

@ NOT APPLICABLE FOR THIS INSTALLATION USE OTHER EOUAL ALTERNATIVES. 

@ 5' X I' CORRUGATION SHALL B E  EOUIVALENT TO 3 '  X 1'. 

@ SPECIAL DESIGN MUST MEET INDICATED D-LOAD (LB/LFT/FT-DIA)  TO PRODUCE 
A .01' CRACK. 



Aluminum Steel Type 2 Hel-Cor Page 1 of 2 

Home search t site Map $ Contact Us j  ~.." ~~.~-~..<--~~w....I..,v. ~. .~  ,... ~~.,.,..,~,." .,.ma--.*-.,%" .,vm.-,v~,~-~,.. ".",A ..x.x..x..~..x...x...x. x. x.x.x...x.,x.x.x.x.x.x. iiiii.iiii.iiiii.i.iii, 

#, ?$$ <~. pgSDgcTg....... 
Aluminized Steel Type 2 Hel-Cor: Offers the corrosion resista 
surface characteristics of aluminum with the strength, durability 
of Arrntec HEL - COR Steel Pipe. 

ALUMINIZED STEEL Type 2 has been in - ground tested for over 45 years. Reports 
summarizing test results are available. The most recent repon suggests that in an 
environment with a pH between 5 and 9 and resistivity greater than 1500 ohm. cm, 1:6 
mm ALUMINIZED STEEL Type 2 will have a service life in excess of 75 years. 

Recent publications by the Federal Highways Administration and 
Engineers suggest a service life of at least twice that of plain galvanized 
appropriate for ALUMINIZED STEEL Type 2, and across a wider ran 
resistivity! 

ALUMINIZED STEEL Type 2 conforms to the mos 
specifications: 

CSA (3401 - 93 Corrugated S 
ASTM A929 and A760 
AASHTO M274 and 

Testing: 



Aluminum Steel Type 2 Hel-Cor Page 2 of 2 

Extensive data from actual field installations dating back over 45 years, show that 
ALUMINIZED STEEL Type 2 is a superior product for storm sewer and drainage 
projects. It has better corrosion resistance than galvanized structures and displays 
comparable or better abrasion resistance. 

Prior to 1953, ALUMINIZED STEEL Type 2 and galvanized steel culverts were 
installed in sites across the U.S. These sites represented a variety of service c 
including farm field drainage, fresh water swamps, alkali soils and erosive 
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Highway Design Manual 

CHAPTER 850 - PHYSICAL STANDARDS 

Topic 854 - Kinds of Pipe Culverts 

854.1 Reinforced Concrete Pipe 

( I )  Durability. The durability of reinforced concrete pipe can be affected by acids, chlorides and sulfate 
concentrations in the soil and water. 1~~b1~~854,!.+4 indicates the limitation on the use of concrete by acidity of 
soil and water. TabLe.354.!_B is a guide for designating type of cement and cement factor to use for various 
ranges of sulfate concentrations in soil and water. California Test 532 is useful for anticipating the effect 
chlorides in the environment have on the time to corrosion of the embedded steel. In addition to the protective 
measures noted above, the following measures increase the durability of reinforced concrete culverts. 

(a) Cover Over Reinforcing Steel. Additional cover over the reinforcing steel should be specified where 
abrasion is likely to be so severe as to appreciably shorten the design service life of a concrete culvert. 
This extra thickness is also warranted under exposure to corrosive envionments. Extra cover over the 
reinforcing steel does not necessarily require extra wall thickness, as it may be possible to provide the 
additional cover and still obtain the specified D-load with standard wall thicknesses. Refer to Topic 8.22 
of the Bridge Design Specifications Manual for minimum concrete cover for reinforcing steel. 

(h) Density. High density concrete pipe as achieved by spinning or other process should be considered 
under exposure to salt air, salt water, or other highly corrosive locations. 

(2) Strength Requirements. 

(a) Design Standards. The strength of reinforced concrete pipe is determined by the load to produce a 0.3 
mm crack under the 3-edge bearing test called for in AASHTO Designations M 170M, M 207M, and M 
206M for circular reinforced pipe, oval shaped reinforced pipe, and reinforced concrete pipe arches, 
respectively. 

(b) Height of Fill. Table 854.1C gives the maximum height of overfill for reinforced concrete pipe, up to 
and including 2700 mm diameters (or reinforced oval pipe and reinforced concrete pipe arch with 
equivalent cross-sectional area), using the backfill method specified in Standard Specification Section 19- 
3.06, Structure Backfill, which is referred to as "Method A Backfill" in :!'a!1J.g~85&lC. Any plan to utilize 
any other culvert backfill method that varies from the specified Method A backfill must be submitted to 
the Division of Structures for an evaluation of the structural adequacy of the proposed installation. Table 
854.1C tabulates the same data given in the Standard Plan A62-D, E and F. It is included here to give the 
designer an understanding of the basis for the tables shown in the Standard Plan referred to above. 

The designer should be aware of the premises on which the table is computed as well as its limitations. 
Tab!.e.824,.1.C presupposes: 

That the bedding and backfill satisfy the terms of the Standard Specifications, the conditions of 
cover and pipe size required by the plans, and take into account the essentials of Index 829.2. 
That a small amount of settlement will occur under the culvert equal in magnitude to that of the 
adjoining material outside the trench. 
Subexcavation and backfill as required by the Standard Specifications where unyielding foundation 
material is encountered. 

(c) Special Designs. 
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If the height of overfill exceeds the tabular values a special design is required; see I.ndc:x..8.29.,2. 
Where severe abrasion or wear from high velocity is anticipated, at least 50 mm of cover over the 
reinforcing steel must be specified by special provision. Specifying thick wall pipe will not assure 
50 rnm of cover over the steel. 

m In corrosive environments, consideration must be given to the requirements of ri1dcz.:i54,l{l). 

(3) Shapes. Reinforced concrete culverts are available in circular and oval shapes. Reinforced concrete pipe 
arch (RCPA) shapes have been discontinued by West Coast manufacturers. 

In general, the circular shaped is the most economical for the same cross-sectional area. Oval shapes are 
appropriate for areas with limited head or overfill or where these shapes are more appropriate for site 
conditions. A convenient reference to commercially available products and shapes is the AASHTO publication, 
"A Guide to Standardized Highway Drainage Products". 

(4) Invert Protection. Invert protection should be considered for culverts exposed to excessive wear from 
abrasive flows. Continued maintenance can be expected if the culvert is not adequately designed for severe 
abrasion. When severe abrasion is anticipated, special designs should be investigated and considered. Higher 
initial costs can probably be justified on the basis it would be more economical than later repair or replacement 
costs. Typical invert protection includes increased wall thickness, invert paving with portland cement concrete 
with wire mesh reinforcement, and invert lining with metal plate, channel iron, or rails. Invert linings should 
cover the lower fourth of the periphery of circular pipes, and the lower third of pipe arches. 

(5) Nun-Reinforced Concrete Pipe Option. Non-reinforced concrete pipe may be substituted at the contractors 
option for reinforced concrete pipe for all sizes 900 mm in diameter and smaller as long as it conforms to 
Section 65 of the Standard Specifications. Non-Reinforced concrete pipe is not affected by chlorides or stray 
currents and may be used in lieu of RCP in these environments without coating or the need to provide extra 
cover over reinforcement. 

(6) Direct Design Method - RCP. (Contact Division of Structures) 

854.2 Cast-in-Place Non-reinforced Concrete Pipe 

( 1 )  Design Criteria. 

(a) Use of cast-in-place concrete pipe should not be considered when an unstable trench condition occurs; 
for example, it should not be installed under the following conditions. 

Sandy and cohesionless soil. 
m Shallow location in expansive soil where the volume change would crack pipe. 
m Areas where ground is subject to freezing to considerable depths for lengthy periods. 

Marshy, tidal areas and other areas of subsidence or differential settlement. 
Locations near geologic faults or where potential for liquefaction exists. 

(b) Cover between top of pipe and ground surface should be at least 0.75 m, or 0.6 m below the grading 
plane. In expansive soils, cover should be a minimum of one meter. Some special treatment may be 
needed in expansive soil, depending on moisture content. 

(c) Cast-in-place concrete pipe may be used only if static head is intermittent and less than 3.5 m above 

a center of and some leakage is acceptable. 
- 

(d) Installation under any State Highway Roadbed is only permissible with FHWA andlor headquarters 
and the Division of Structures approval. Installations outside the roadbed are permissible, but the 
possibility of future widenings should be considered prior to finalizing the culvert location. 



HDM - Topic 854 - Kinds of Pipe Culverts Page 3 of 9 

(e) A guide to the type of cement and cement factor to be used with various ranges of sulfate 
concentrations in the soil and water are shown in T~bl.c~.834.lC.. Se.c..Tabl~c~~85&1.+4. for limitations of use 

~ ~ 

due to soil and water acidity. 

(2) Height ofFiU The maximum allowable height of cover for cast-lnplacc concrete pipe is given in 
854. ..2. The designer should review Standard Plan A62-D for guidance in using ':ab!e~854:2.. 

854.3 Corrugated Steel Pipe and Pipe Arches 

(I) Durability. The anticipated maintenance free service life of corrugated steel pipe and pipe arch installations 
is primarily a function of the corrosivity and abrasiveness of the environment into which the pipe is placed. 
Corrosive potential must be determined from the pH and minimum resistivity tests covered in California Test 
643. Abrasive potential must be estimated from bed material that is present and anticipated flow velocities. 
Refer to T~pl:!c..852.,1, for a discussion of maintenance free service life. 

Consideration should be given to specifying alternative designs when it is possible to achieve the required 
design service life by either increasing the metal thickness or by using protective coatings. 

The following measures are commonly used to prolong the maintenance free service life of metal culverts: 

(a) Galvanizing. Under most conditions plain galvanizing of steel pipe is all that is needed; however, the 
presence of corrosive or abrasive elements may require additional protection. 

B Extra Metal Thickness. Added service life can be achieved by adding metal thickness. Since 1.3 
mm thick steel culverts is the minimum steel pipe Caltrans allows, it must be limited to locations 

A 

that are nonabrasive. 

m Protective Coatings - The necessity for any coating should be determined considering hydraulic 
conditions, local experience, possible environmental impacts, and long-term economy. Approved 
protective coatings are bituminous, which is hot-dipped to cover the entire inside and outside of the 
pipe; asphalt mastic and polymeric sheet, which can be applied to the inside and/or outside of the 
pipe; and polymerized asphalt, which is hot-dipped to cover the bottom 90i of the inside and 
outside of the pipe. 

Citing Section 5650 of the Fish and Game Code, the Department of Fish and Game (DFG) may 
restrict the use of bituminous coatings on the interior of pipes if they are to be placed in streams 
which flow continuously or for an extended period (more than 1 to 2 days) after a rainfall event. 
Their concern is that abraded particles of asphalt could enter the stream and degrade the fish 
habitat. Where abrasion is unlikely, DFG concerns should be minimal. DFG has indicated that they 
have no concerns regarding interior application of polymerized asphalt, even under abrasive 
conditions. 

Where the materials report indicates that soil side corrosion is expected, a bituminous coating or an 
exterior application of either asphalt mastic or polymeric sheet, as provided in the Standard 
Specifications, combined with galvanizing of steel, is usually effective in forestalling accelerated 
corrosion on the backfill side of the pipe. Where soil side corrosion is the only concern, exterior 
protection may provide up to 25 years of additional service life. For locations where water side 
corrosion andlor abrasion is of concern, protective coatings, or protective coatings with pavings, in 
combination with galvanizing will add to the culvert service life to a variable degree, depending 
upon site conditions and type of coating selected. If hydraulic conditions at the culvert site require 
a lining on the inside of the pipe or a coating different than that indicated in the Standard 
Specifications, then the different requirements must be described in the Special Provisions. 
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Qhk'j.2.4,?.? constitutes a guide for estimating the added service life that can be achieved by coatings 
and invert paving of steel pipes based upon abrasion resistance characteristics. Recently developed 
coating products, like polymerized asphalt, can provide superior abrasive resistant qualities (as much as 
10 or more times that of bituminous coatings of similar thickness). The guide values for years of added 
service life should be modified where field observations of existing installations show that other values 
are more accurate. The designer should be aware of the following limitations when using :1'a1f1.$..854:.>$~\.: 

B Channel Materials: If there is no existing culvert, it may be assumed that the channel is potentially 
abrasive to culvert if sand andlor rocks are present. Presence of silt, clay or heavy vegetation may 
indicate a non-abrasive flow. 

B Flow velocities: For continuous and substantial flow, the years of invert protection can be expected 
to be one-half of that shown. For the more typical intermittent flow, the velocities indicated in the 
table should be compared to those generated by the 2-5 year return frequency flood. 

B Asphalt mastic (if there are no environ-mental concerns) is an acceptable alternative for bituminous 
coatings for non-abrasive flow condition on the inside of the culvert. Under these circumstances, a 
special provision will be required to specify this alternative. 

(b) Aluminized Steel (Type 2). Evaluations of aluminized steel (type 2) pipe in place for over 40 years 
have provided data that substantiate a design service life with respect to corrosion resistance equivalent to 
aluminum pipe. Therefore, for pH values between 5.5 and 8.5, and minimum resistivity in excess of 1500 
ohm-cm, 1.6 mm aluminized steel (type 2) is considered to provide a 50 year design service life. Where 
abrasion is of concern, aluminized steel (type 2) is considered to be roughly equivalent to galvanized 
steel. For pH ranges outside the 5.5 and 8.5 limits or minimum resistivity below 1500 ohm-cm, 
aluminized steel (type 2) should not be used. In no case should the thickness of aluminized steel (type 2) 
be less than the minimum structural requirements for a given diameter of galvanized steel. 

Figure 854.3B should be used to determine the minimum thickness and limitation on the use of corrugated 
metal pipe for various levels of pH and minimum resistivity. For example, given a soil environment with pH 
and minimum resistivity levels of 6.5 and 15,000 ohm-cm, respectively, the minimum thicknesses for the 
various metal pipes are: 1) 2.8 mm galvanized steel, 2) 2.0 mm aluminized steel (type 2) and 3) 1.5 mm 
aluminum. The minimum thickness of metal pipe obtained from the figure only satisfies corrosion 
requirements. Overfill requirements for minimum metal thickness must also be satisfied. The metal thickness of 
conugated pipe that satisfies both requirements should be used. 

The CULVERT3 (4-16-94) Computer Program, or subsequent upgrades, is also available to help designers 
estimate service life for various corrosive/ abrasive conditions. This program can be obtained from the District 
Hydraulics Engineer. 

(2) Strength Requirements. The strength requirements for corrugated steel pipes and pipe arches, fabricated 
under acceptable methods contained in the Standard Specifications, are given in Tables 854.3B, C, D & E. 

(a) Design Standards. 

B Corrugation Profiles - Corrugated steel pipe and pipe arches are available in 68 mm x 13 mm, 76 
mm x 25 mm, and 125 mm x 25 mm profiles with helical corrugations, and 68 mm x 13 mm 
profiles with annular corrugations. 
Metal Thickness - Corrugated steel pipe and pipe arches are available in the thickness as indicated 
on Tables 854.313, C, D & li.. Where a maximum overfill is not listed on these tables, the pipe or 
arch size is not normally available in that thickness. 

m Height of Fill - The allowable overfill heights for corrugated steel pipe and pipe arches for the 
various diameters or arch sizes and metal thickness are shown on TabI.e~-854~36, C, D & E. 
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(b) Basic Premise. To properly use the above mentioned tables, the designer should be aware of the 
premises on which the tables are based as well as their limitations. The design tables presuppose: 

B That bedding and backfill satisfy the terms of the Standard Specifications, the conditions of cover, 
and pipe size required by the plans and the essentials of Index 82.9.2. 
That a small amount of settlement will occur under the culvert, equal in magnitude to that of the 
adjoining material outside the trench. 

(c) Limitations. In using the tables, the following restrictions must be kept in mind. 

I The values given for each size of pipe constitute the maximum height of overfill or cover over the 
pipe for the thickness of metal and kind of corrugation. 

I The thickness shown is the structural minimum. Where abrasive conditions are anticipated, 
additional metal thickness or a paved invert as stated under &likx..8543(4) should be provided 
when required to fulfill the design service life requirements of Topic 852. 

B Where needed, adequate provisions for corrosion resistance must be made to achieve the required 
design service life called for in the references mentioned herein. 
~ ~" 

I Table 854.3E shows the limit of heights of cover for corrugated steel pipe arches based on the 
supporting soil sustaining a bearing pressure varying between 240 and 405 kN/mZ. :1'a.bI.e..54..& 
shows similar values for corrugated aluminum pipe arches. 

(d) Special Designs. If the height of overfill exceeds the tabular values, or if the foundation investigation 
reveals that the supporting soil will not develop the bearing pressure on which the overfill heights for 
pipe arches are based, a special design prepared by the Division of Structures is required. 

(3) Shapes. Corrugated steel pipe and pipe arches are available in the diameters and arch shapes as indicated on 
the maximum height of cover tables. For larger diameters, arch spans or special shapes, ~.c..hiJ.~x..854..$j, 

(4) Invert Protection. Invert protection should be considered for corrugated steel culverts exposed to excessive 
wear from abrasive flows. Severe abrasion usually occurs when the flow velocity exceeds 4.5 m/s and contains 
a bedload. When severe abrasion is anticipated, special designs should be investigated and considered. Typical 
invert protection includes invert paving with asphalt concrete or portland cement concrete with wire mesh 
reinforcement, and invert lining with metal plate, channel iron, or rails. Invert linings should cover the lower 
fourth of the periphery of circular pipes, and the lower third of pipe arches. Additional metal thickness will 
increase service life. Redncing the velocity within the culvert is an effective method of preventing severe 
abrasion. 

854.4 Corrugated Aluminum Pipe and Pipe Arches 

( I )  Durability. Aluminum culverts may be specified as an alternate culvert material. When a 50-year 
maintenance free service life of aluminum pipe is required the pH and minimum resistivity, as determined by 
California Test Method 643, must be known and the following conditions met: 

(a) The pH of the soil, backfill, and effluent is within the range of 5.5 and 8.5, inclusive. Bituminous 
coatings are not recommended. 

(b) The minimum resistivity of the soil, backfill, and effluent is 1500 ohm-centimeters or greater. 

(c) Under similar conditions, aluminum culverts will abrade approximately three times faster than steel 
culverts. Therefore, aluminum culverts are not recommended where abrasive materials are present, and 
where flow velocities would encourage abrasion to occur. Culvert flow velocities that frequently exceed 
1.5 m/s should be carefully evaluated prior to selecting aluminum as an allowable alternate. 
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(d) Aluminum culverts should not be installed in an environment where other aluminum culverts have 
exhibited significant distress, such as extensive perforation or loss of invert, for whatever reason, 
apparent or not. 

(e) Aluminum may be considered for side drains in environmene having the following parameters: 

When pH is between 5.5 and 8.5 and the minimum resistivity is between 500 and 1500 ohm-cm. 
When pH is between 5.0 and 5.5 or between 8.5 and 9.0 and the minimum resistivity is greater than 
1500 ohm-cm. 

For these conditions, the METS should be contacted to confirm the advisability of using aluminum on 
specific projects. 

(f) Aluminum must not be used as a section or extension of a culvert containing steel sections. 

Figurc - 854.333 should be used to determine the limitations on the use of corrugated aluminum pipe for various 
levels of pH and minimum resistivity. The minimum thickness (1.5 mm) of aluminum pipe obtained from the 
chart only satisfies corrosion requirements. Overfill requirements for minimum metal thickness must also be 
satisfied. The metal thickness of corrugated aluminum pipe should satisfy both requirements. 

(2) Strength Requirements. The strength requirements for corrugated aluminum pipe and pipe arches fabricated 
under the acceptable methods contained in the Standard Specifications, are given in Tables 854.4A, I3, & C. 

(a) Design Standards. 

a Corrugation Profiles - Corrugated aluminum pipe and pipe arches are available in 68 mm x 13 mm 
and 75 mm x 25 mm profiles with helical or annular corrugations. 
Metal thickness - Corrugated aluminum pipe and pipe arches are available in the thickness as 
indicated on Tables 854.4A, & C. Where a maximum overfill is not listed on these tables, the 
pipe or pipe arch is not normally available in that thickness. 
Height of Fill - The allowable overfill heights for corrugated aluminum pipe and pipe arches for 
various diameters and metal thickness are shown on:Tab.!es..8,54:4A, 13 & (-1.. 

To properly use the above mentioned tables, the designer should be aware of the basic premises on which 
the tables are based as well as their limitations. (See ladex XS4.3ji i). 

(3) Shapes. Corrugated aluminum pipe and pipe arches are available in the diameters and arch shapes as 
indicated on the maximum height of cover tables. Helical corrugated pipe must be specified if anticipated 
heights of cover exceed the tabulated values for annular corrugated pipe. 

For larger diameters, arch spans or special shapes, sci: Irldc?a 854.6. 

(4) Invert Protection. Invert protection of corrugated aluminum is not recommended. 

854.5 Special Purpose Types 

( I )  Spiral Rib Steel. Galvanized steel spiral rib pipe is fabricated using sheet steel and lock seam fabrication as 
used for helical corrngated metal pipe. The thickness of metal and zinc coating is identical to that for corrugated 
pipe. Spiral rib pipe has a lower roughness coefficient (Manning's "n") than corrugated metal pipe. 

The rib profile does not provided as much earth bearing strength as the standard corrugation profiles. 'l'ables 
854.5A & B give the maximum height of overfill for steel spiral rib pipe constrncted under the acceptable .. . ... ........... .. 

methods contained in the Standard Specifications and essentials discussed in 1.ndez..829~%2. 

http:l/www.dot.ca.govmq/oppd/hdm/chapters/t854.htm 4/18/01 
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(2) Smooth Steel. Smooth steel (welded) pipe can be utilized for drainage facilities under conditions where 
corrugated metal or concrete pipe will not meet the structural or design service life requirements. 

(3) Spiral Rib Aluminum. Aluminum spiral rib pipe is similar to spiral rib steel. Table 854.5C gives the 
maximum overfill for aluminum spiral rib pipe constructed under the acceptable methods contained in the 
Standard Specifications and the essentials discussed in lhdex~829.2. 

(4) Proprietary Pipe. See.I.nde.x.602,1(.6j. for further discussion and guidelines on the use of proprietary items. 

854.6 Structural Metal Plate 

( I )  Pipe and Arches. Structural plate pipes and arches are available in steel and aluminum for the diameters and 
thickness as shown on T&1.e~...r254.~6~, B., .C & D. 

(2) Strength Requirements. 

(a) Design Standards. 

I Corrugation Profiles - Structural plate pipe and arches are available in a 152 mm x 51 mm 
corrugation for steel and a 230 mm x 64 mm corrugation profile for aluminum. 
Metal Thickness - structural plate pipe and pipe arches are available in thickness as indicated on . - 
Tables 854.6A, B, C & D. 

I Height of Fill - The allowable height of cover over structural plate pipe and pipe arches for the 
available diameters and thickness are shown on Tables 854.6A, R, C & Q. 

Where a maximum overfill is not listed on these tables, the pipe or arch size is not normally available in 
that thickness. 

(b) Basic Premise. To properly use the above mentioned tables, the designer should be aware of the 
premises on which the tables are based as well as their limitations. The design tables presuppose: 

m That bedding and backfill satisfy the terms of the Standard Specifications, the conditions of cover, 
and pipe or arch size required by the plans and the essentials of Index,829,2. 
That a small amount of settlement will occur under the culvert, equal in magnitude to that of the 
adjoining material outside the trench. 

(c) Limitations. In using the tables, the following restrictions should be kept in mind. 

I The values given for each size of structural plate pipe or arch constitute the maximum height of 
overfill or cover over the pipe or arch for the thickness of metal and kind of corrugation. 
The thickness shown is the structural minimum. For steel pipe or pipe arches, where abrasive 
conditions are anticipated, additional metal thickness or a paved invert should be provided when 
required to fulfill the design service life requirements. 

I Where needed, adequate provisions for corrosion resistance must be made to achieve the required 
design service life called for in the references mentioned herein. 

I T&b1~.$854..@ & D show the limit of heights of cover for structural plate arches based on the 
supporting soil sustaining a bearing pressure of 285 kNlm2 at the corners. 

(d) Special Designs. If the height of overfill exceeds the tabular values, or if the foundation investigation 
reveals that the supporting soil will not develop the bearing pressure on which the overfill heights for 
structural plate pipe or pipe arches are based, a special design prepared by the Division of Structures is 
required. 
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(3)Arches. Design details with maximum allowable overfills for structural plate arches, with cast in place 
concrete footings may be obtained from the Division of Structures. 

(4) Vehicular Underpasses. Design details with maximum allowable overfills for structural plate vehicular 
underpasses with spans from 3708 mm to 6198 mm, inclusive, are given in the Standard Plans. These designs 
are based on bearing soil pressures from 135 to 555 kN/mZ. 

(5) Special Shapes. 

(a) Long Span. (Text Later) 

m Arch 
m Low Profile Arch 
m High Profile Arch 

(b) Ellipse. (Text Later) 

m Vertical 
m Horizontal 

(c) Inverted Box. (Text Later) 

(d) Box. (Text Later) 

(6) Tunnel Liner Plate. , , 

The Division of Structures will prepare designs upon reqnest, 

854.7 Concrete Box and Arch Culverts 

( I )  Box Culverts. Single and multiple span reinforced concrete box culverts are completely detailed in the 
Standard Plans. Strength classifications are shown for 3 m and 6 m overfills. 

Standard Detail Sheets are available for precast reinforced concrete box culverts. They may be obtained 
electronically via microstation, from the District Hydraulics Engineer or by contacting the Division of 
Structures. Precast reinforced concrete box culverts require a minimum of 0.3 m of overfill and are not to 
exceed 3.6 m in span length. Special details are necessary if precast boxes are proposed as extensions for 
existing box culverts. Where the use of precast box culverts is applicable, the project plans should include them 
as an altemative to cast-in-place constrnction. Because the standard measurement and payment clauses for 
precast RCB's differ from cast-in-place construction, precast units must be identified as an altemative on the 
standard detail sheets and the special provision must be appropriately modified. 

(2) Concrete Arch Culverts. Design details for concrete arch culverts in 0.3 m span increments from 1.8 m to 
6.7 m, inclusive, allowing a maximum overfill height up to 18 m, are given in the Standard Plans. These 
designs are based on footing soil pressures ranging from 230 to 720 kN/mZ. 

854.8 Plastic Pipe 

( I )  Durability. Plastic pipe culverts exhibit good abrasion resistance and are virtually corrosion free, permitting 
a 50 year maintenance free service life under most conditions. Long term exposure to direct sunlight can lead to 
brittleness in polyvinyl chloride (PVC) pipes, and such situations should be avoided. 
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In areas with high fire potential, use limitations or modifications of plastic pipe should be considered. 
Application limitations may include down drains and projecting ends of cross drains in densely vegetated or 
grassy locations. The projecting ends of plastic pipe cross drains can be replaced with corrugated metal pipe, 
concrete pipe, concrete headwalls or wingwalls, or other modifications, thereby reducing the potential of fire 
damage. The connection between the plastic pipe and the modified end piece would be nonstandard. 

(2) Strength Requirements. 

(a) Design Standards 

I Materials - Plastic pipe shall be either Type C (corrugated exterior and interior) corrugated 
polyethylene pipe, Type S (cormgated exterior and smooth interior) corrugated polyethylene pipe, 
profile wall polyethylene pipe, profile wall polyvinyl chloride pipe, or ribbed polyvinyl chloride 
pipe. 

I Height of Fill - The allowable overfill heights for plastic pipe for various diameters are shown in 
Table 854.8. 

(b) Basic Premise. To properly use the plastic pipe height of fill table, the designer should be aware ofthe 
basic premises on which the table are based as well as their limitations. The design table presupposes: 

I That bedding and backfill satisfy the terms of the Standard Specifications, the conditions of cover, 
and pipe size required by the plans and the essentials of Indcx 829.2. 

I That a small amount of settlement will occur under the culvert, equal in magnitude to that of the 
adjoining material outside the trench. 

.9 Minimum Height of Cover 

Table 854.9 gives the minimum thickness of cover required for design purposes over pipes and pipe arches. For 
construction purposes, a minimum cover of 150 mm greater than the roadway structural section is desirable for all 
types of pipe. 

Class 4 concrete backfill may be used for culverts when it is necessary to have less than 0.6 m of cover below the top 
of a flexible pavement, except that minor concrete backfill must not be placed against aluminum or aluminized 
culverts. A minimum of 150 mm of concrete backfill should be used at the sides of a culvert. 

-" ,.*-. * .,..,* ".~" . ........... *. ~ ~ . - " . ~ ~ , ~ ~  ., ..&...... . i / r i _ _ I  o ic Index i Prev~ous Toalci 
2 ........... .................................................... .t ...... 



April 4,2001 

Peter Knudsen, P.E. 
City of Mesa - Construction 
20 East Main Street, 5th Floor 
P.O. Box 1466 
Mesa, Arizona 8521 1-1466 

Subject: Spook Hill ADMP, Corrugated Metal Pipe Alternative 

Dear Mr. Knudson, 

WoodPatel received a copy of your letter of March 9,2001 to Afshin Ahouraiyan at 
the Flood Control District of Maricopa County (District) and was asked to respond to 
your concerns. You requested that several items be addressed in the further analysis 
on the CMP pipe and the comments and associated responses are as follows: 

Comment: The existing soil conditions and its suitability for metal pipe [must be 
verified]. 
Response: The District will obtain soil samples at key locations along the 
proposed alignment in order to evaluate the suitability of the soil for Aluminized 
CMP. 

Comment: The pipe should have a demonstrated minimum life of 75-years. 
Response: The guage thickness of the pipe will be selected to provide a design life 
that exceeds this 75-year requirement. 

Comment: Pipe invert erosion protection must be addressed and the 
constructability of the proposed solution [must be] demonstrated. 
Response: The entire invert quadrant (25% of the circumferance) will be paved 
with concrete to provide erosion protection (this is a standard operation and should 
not pose any unusual problems). 

Comment: The construction methods of the metal pipe [will be] determined to 
insure [that] the integrity of the metal pipe [is not compromised]. 
Response: The construction specifications will require that adequate cover is 
maintained at all times during construction (especially for earthmoving equipment 
trafic). 



Wood/Patel is also investigating RGRCP pipe with baffle ring drop structures 
however, Wood/Patel has not investigated the concrete box with ribbed surface option 
at this time. If you have any further questions or concerns, I would be happy to 
address them. 

Sincerely, 
WOOD, PATEL & ASSOCIATES, INC. 

Richard L. Hiner, P.E. 
Project EngineerIMmager 



. -. 
Subject: 

Brian Eiseman [beiseman@ndcp.com] 
Friday, March 16, 2001 2:45 PM 
Rick Hiner 
RE: energy dissipators for RCP 

Rick, it is possible to make them in larger diameters. I just finished 
talking with our production superintendent. He said that the larger sizes 
would have to be made in at least 2' lengths instead of 1' lengths as they 
are for 72" and smaller. The largest we have ever made is 72" and at the 
size they become very fragile in 1' lengths. As far as cost for the larger 
ones, I don't have any . . .  as I said the largest we have made is 72". If I 
had to estimate though, I would say that 108" would be about $1300 per 2' 
ring, 120" would be about $1600 per 2' ring, and 132" approximately $2200 
per 2' ring (132" may need to be made in 3'-4' because of the large 
diameter???). 

----- Original Message-----. 
From: Rick Hiner [mailto:RHiner@woodpatel.coml 
Sent: Friday, March 16, 2001 11:47 AM 
To: 'Brian Eiseman' 
Subject: RE: energy dissipators for RCP 

Thanks Brian. Is it possible to get the rings in larger sizes? We are 
considering 108", 120", or 132". If these are not normal sizes, could they 
be custom made if the demand were high enough (we may need 200 to 250 of 
them for the application I am thinking of)? 

----- Original Message----- 
:om: Brian Eiseman [mailto:beiseman@ndcp.coml 
.ant: Friday, March 16, 2001 10:28 AM a - 
To: Rick ~iner 
Subject: RE: energy dissipators for RCP 

Rick, 

Here are some rough numbers that you can use for estimating: 

24" - $90 per ring 
30" - $125 per ring 
36" - $165 per ring 
48" - $250 per ring 
60" - $375 per ring 
72" - $600 per ring 

Baffle rings are installed in sets of four . . .  multiply above numbers by 
four for each installation. 

Hope that helps 

Brian 

----- Original Message----- 
From: Rick Hiner [mailto:RHiner@woodpatel.coml 
Sent: Friday, March 16, 2001 10:59 AM 
To: 'Brian Eiseman' 
Subject: RE: energy dissipators for RCP 

rian, 

Do you have any cost information available for the energy dissipator rings? 
Even a ballpark number would be fine for estimating purposes. 

1 



Thank you, 

Rick Hiner 

@----original Message----- 
From: Brian Eiseman [mailto:beiseman@ndcp.cornl 
Sent: Thursdav, March 15, 2001 3 : 0 2  PM - .  
To: rhiner@woodpatel.com 
Subject: energy dissipators for RCP 

Rick, 

We finally found the original article that I faxed you last week for the 
energy dissipators in RCP. The article came from the June 1975 issue of 
Concrete Pipe News. Our copy is actually a copy of the original. If you 
would like a copy, please let me know and I will mail you one. 

Brian Eiseman 



'*om: 
mt: a: Brian Eisernan [beisernan@ndcp.com] 

Friday, March 16, 2001 10:28 AM 
Rick Hiner 
RE: energy dissipators for RCP 

Rick, 

Here are some rough numbers that you can use for estimating: 

24" - $90 per ring 
30" - $125 per ring 
36" - $165 per ring 
48"  - $250 per ring 
60" - $375 per ring 
72" - $600 per ring 

Baffle rings are installed in sets of four . . .  multiply above numbers by 
four for each installation. 

Hope that helps 

Brian 

----- Original Message----- 
From: Rick Hiner [mailto:RHiner@woodpatel.coml 
Sent: Friday, March 16, 2001 10:59 AM 
To: 'Brian Eiseman' 
Subject: RE: energy dissipators for RCP 

rian, 

Do you have any cost information available for the energy dissipator rings? 
Even a ballpark number would be fine for estimating purposes. 

Thank you, 

Rick Hiner 

----- Original Message----- 
From: Brian Eiseman [mailto:beiseman@ndcp.coml 
Sent: Thursday, March 15, 2001 3:02 PM 
To: rhiner@woodpatel.com 
Subject: energy dissipators for RCP 

Rick, 

We finally found the original article that I faxed you last week for the 
energy dissipators in RCP. The article came from the June 1975 issue of 
Concrete Pipe News. Our copy is actually a copy of the original. If you 
would like a copy, please let me know and I will mail you one. 

Brian Eiseman 



RCP Energy Dissipator Cost Estimate 
Size Cost Cost/inch 
24 $90.00 $3.75 
30 $125.00 $4.17 
36 $165.00 $4.58 
48 $250.00 $5.21 
60 $375.00 $6.25 
72 $600.00 $8.33 
84 $800.00 $9.52 
96 $1,025.00 $10.68 
108 $1,300.00 $12.04 
120 $1,600.00 $1 3.33 
132 $2,200.00 $1 6.67 

-- 

a 
I 



Cross Section 
Cross Section for Circular Channel 

Project Description 

Worksheet Rough Pipe 
Flow Element Circular Channel 

Method Manning's Formula 

Solve For Channel Depth 

Section Data 

Mannings Coefficient 0.061 

Slope 0.100000 Wft 
Depth 8.63 ft 
Diameter 110.4 in 
Discharge 957.29 cfs 

V : l L  
H:l 
NTS 

Project Engineer: Ashok C. Patel - Darrel Wood 
d:\haestad\haestad\fmw\roughpipe.fm2 Woad, Patel & Associates, Inc. FlowMaster "6.0 [614e] 
03/15/01 05:26:34 PM O Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-7666 Page 1 of 1 



Worksheet 
Worksheet for Circular Channel 

Project Description 

Worksheet Rough Pipe 
Flow Element Circular Channel 

Method Manning's Formula 

Solve For Channel Depth 

h u t  Data 

Mannings Coefficient 0.061 

Slope o.100000 fVft 

Diameter 710.4 in 

Discharge 95799 cfs 

Results 

Depth 8.63 ft 

Flow Area 64.8 ft2 
Wetted Perimeter 24.28 ft 
Top Width 4.43 ft 
Critical Depth 7.57 R 
Percent Full 93.8 % 

Critical Slope 0.114990 Wft 
Velocity 14.78 Ws 

Velocity Head 3.39 R 
Specific Energy 12.03 R 
Froude Number 0.68 
Maximum Discharge 957.29 CIS 
Discharge Full 889.91 CIS 
Slope Full 0.115714 Wft 
Flow Type Subcritical 

Project Engineer Ashok C. Patel - Darrel Wood 
d:\haestad\haestad\fmw\roughpipe.frn2 Wood, Patel &Associates, Inc. FlowMaster v6.0 [614e] 
03/15/01 05:26:13 PM 0 Haestad Methods, lnc. 37 Brwkside Road Waterbury. CT 06708 USA (203) 755-1666 Page 1 of 1 



TUMBLING FLOW I N  CIRCULAR CULVERTS 

Tumbling flow i n  c i r c u l a r  c u l v e r t s  can be  a t t a i n e d  by 
i n s e r t i n g  c i r c u l a r  r i n g s  i n s i d e  t h e  b a r r e l ,  f i g u r e  VII-B-4.  
Geometrical cons idera t ions  a r e  more complex, bu t  the  
phenomenon of tumbling f low i s  the  same a s  f o r  box cu lver t s .  

I n  t he  previous  s e c t i o n ,  p r imar i ly  bottom roughness elements 
were considered,  whereas i n  c i r c u l a r  c u l v e r t s  t he  elements 
a r e  complete r i ngs .  The c u l v e r t  is t r e a t e d  a s  an open channel 
which g r e a t l y  s i m p l i f i e s  t h e  d i scuss ion ,  and t h e  diameter 
i s  va r i ed  t o  ob ta in  v e r t i c a l  c learance f o r  f r e e  sur face  
flow. 

- 

Design procedures have been descr ibed by Wiggert and Er f le .  
(VII-B-7,s) The i r  experiments f o r  tumbling flow i n  c i r c u l a r  
c u l v e r t s  were run wi th  a 6-inch p l ex ig l a s s  model and an 
18-inch concre te  p ro to type  cu lve r t .  Slopes ranged from 
0 t o  25 percen t ,  h/D1 ranged from 0.06 t o  .15 and L/D1 ranged 
from 0.3 t o  3.0 (L/h from 5 t o  20).  The experimental va r i ab l e s  
a r e  i l l u s t r a t e d  i n  f i g u r e  VII-B-4. 

FIGURE VII-B-4.  DEFINITION SKETCH FOR TUMSLING 
FLOW I N  CIRCULAR CULVERTS 

The v a r i a b l e s  t h a t  determine whether o r  not  tumbling flow 
w i l l  occur a r e  roughness he igh t ,  h ,  spacing,  L, s lope,  So, 
d i scharge ,  Q,  and t h e  diameter,  D l .  A func t iona l  r e l a t i o n s h i p  
f o r  t h e  roughness he igh t  can be descr ibed a s  

Es t ab l i sh ing  dimensionless groupings y i e l d s  
. . 

. . .  . . . . . . . .  

. . . . . . . . . . .  ' I 2  .VII-B-10 - h/Dl=f(L/Dl*S,Q/(g Dl 1 
. . .  



1 

P r a c t i c a l  des ign l i m i t s  can be  ass igned  t o  h/D1 and L/D1 
t o  f u r t h e r  s imp l i fy  t he  f u n c t i o n a l  r e l a t i o n s h i p .  Based 
on q u a l i t a t i v e  l abo ra to ry  obse rva t ions ,  tumbling flow is  
e a s i e s t  t o  mainta in  when L/D1 i s  between 1.5 and 2.5 
and when h/D1 is between 0.10 and 0.15. Assigning these 
l i m i t s  f o r  c l r c u l a r  c u l v e r t s  is analogous t o  a s s ign ing  
va lues  f o r  L/h i n  t h e  design procedure for  box c u l v e r t s .  
The f u n c t i o n a l  r e l a t i o n s h i p  i n  Equation VII-B-10 can be 
r e w r i t t e n  

5 1 / 2  c o n s t a n t  = f (St Q/g D l  ) 

T h e o r e t i c a l l y  f ( S )  i n  Equation V I I - B - 1 1  cou ld  b e  any 
func t ion  involv ing  t h e  s l o p e  t e r m .  Empi r ica l ly  f ( S )  was ' 

found t o  be approximately a cons tan t .  The s l i g h t  observed 
dependence of f (S) on s lope  is  considered t o  be much l e s s  
s i g n i f i c a n t  than t h e  i naccu rac i e s  a s s o c i a t e d  wi th  measuring 
f low c h a r a c t e r i s t i c s  over t h e  l a r g e  roughness elements. 
Based on model and pro to type  da t a ,  f (S) can b e  def ined  by 

0.21<f (S)<0.32, 
) 

i f  t h e  s l o p e  is between 4 pe rcen t  and 25 percen t .  For  
s l o p e s  less than 4 percen t ,  t h e  c u l v e r t  should be  designed 
f o r  f u l l  f low r a t h e r  than tumbling flow. See s e c t i o n  V I I - B  
"Roughness Elements f o r  Increased  Flow Res is tance  . " Equation 
V I I - B - 1 1  can be  r e w r i t t e n  t o  y i e l d  

O.2l<Q/(g D ~ ' )  12<0.32 . . . . . . . . . . . .  .VII-B-12 
and 

1.6 ( ~ ' / g )  ' / ' < ~ ~ < 1 . 9  ( ~ ' / g )  ' I5  

Equation VIL-B-12 is t h e  b a s i c  design equat ion f o r  tumblinq - 
flow i n  s t e e p  c i r c u l a r  c u l v e r t s .  I f  t h e  diameter  of t h e  
roughened s e c t i o n  o f  t h e  c u l v e r t  i s  s i z e d  accord ing  t o  
t h i s  equat ion,  tumblinq f low w i l l  occur and t h e  o u t l e t  

' velociGy w i l l  b e  approximately c r i t i ca l  v e l o c i t y .  Equation 
VII-B-12 is l i m i t e d  t o  t h e  fo l lowing  condi t ions :  

L/D1=2.0 ( t o l e r ance f25%)  
h/D1=0.125 (Tolerance=fZO%), and 
s lope  g r e a t e r  than 4 %  and less than  25% 



Since tumbling flow is an open channel phenomenon, gravity 
force? prevail and the Froude number, V/(gy) '", should be 
used as the basis for design (or interpretation of model 
results.) Watts (VII-B-9) established, by reference to 
several publications, that h/y is an important scaling 
parameter for roughness elements in open channel flow. In 
both of these dimensionless terms, y is a characteristic 
flow depth. The validit of using D in lieu of a characteristic 

must be carefully examined for flow depth in P/(gDl 
culverts flowing less than full. The characteristic depth 
for tumbling flow, however, is critical depth which is 
uniquely defined by Q and Dl; so Dl can be substituted for 
y in this special case of partially full culverts. 

Furthermore, the higher coefficient in Equation VII-B-12 
resulted from the 6" model data rather than from the 18" ' 
prototype. Differences in model and prototype data were 
attributed to experimental difficulties with the prototype; 
nevertheless, if there are scaling errors, they appear to 
be on the conservative side. . 

A major concern is that silt may accumulate in front of 
the roughness elements and render them ineffective. This 
is perhaps unwarranted as the element enhances sediment 
transport capacity and tend to be self-cleansing. In their 
original list of possible applications, Peterson and llohanty -- 
(VII-B-1) noted that by "using roughness elements to induce . 
greater turbulence, the sediment-carrying capacity of a 
channel may be increased." 

Water trapped between elements may cause difficulties during 
dry periods due to freezing and thawing and insect breeding. 
Narrow slots in the roughness rings (less than 0.5h) can 
be used to allow complete drainage without changing the 
design criteria. 

Five roughness rings at the outlet end of the culvert are 
sufficient to establish tumbling flow. The diameter computed 
from equation VII-B-12 is for the roughened section only, 
and will not necessarily be the same as the rest of the 
culvert. The American Concrete Pipe Association (VII-B-7) 
introduced the telescoping concept in which the main section 
of the culvert is governed by the usual design parameters 
(presumably inlet control) and the roughened section is 
designed by Equation VII-B-12. They suggest telescoping the 
larger diameter pipe over the smaller "for at least the length 
of a normal joint and using normal sealing materials in the 
annular space. 



Velocity Predict ion a t  the  Culvert  Out le t  

The o u t l e t  v e l o c i t y  f o r  tumbling flow is approximately 
c r i t i c a l  veloci ty .  It can be computed by determining 
the  c r i t i c a l  depth, d , f o r  the  i n s i d e  diameter of the  
roughness r ings .  c r i l i c a l  flow f o r  an  open channel of any 
shape w i l l  occur when 

Referr ing t o  f i g u r e  V3I-B-5, the  following add i t iona l  re la t ion-  
sh ips  can be wri t ten:  

- 
For yc>r: 

For yc<r: 

FIGURE VII-B-5. DEFINITION SKETCH FOR CRITICAL 
FLOW I N  CIRCULAR PIPES 

Figure 111-4 can be used t o  determine c r i t i c a l  depth using 
D i .  

Table 111-2 can be used t o  determine the  c r i t i c a l  area,  
A,. Out le t  v e l o c i t y  can be computed from 

Design Procedure: 

1. Check c u l v e r t  control .  I f  i n l e t  con t ro l  governs- 
tumbling flow may be a good choice f o r  d i s s i p a t i n g  
energy. 



2. Determine t h e  Diameter, D l ,  Of t h e  roughened sec t ion  
of p ipe  t o  s u s t a i n  tumbling flow. 

- U s e  Equation VII-B-12, 

3. Compute h and L from: 
h / ~ ~ = 0 . 1 2 5 t 2 0 %  
L/D1=2. 0 t25% 

4. Compute t h e  i n t e r n a l  d iameter  of t h e  roughness r i n g s  
Di=D1-2h 

5. Determine t h e  c r i t i c a l  depth ,  yc, from f i g u r e  111-4, 
us ing  t h e  des ign  discharge f o r  Q and D l  f o r  diameter. 

6. Compute ~ c / D i  

7. Determine Ac from t a b l e  111-2 use yc/Di for d/D 
and r ead  &/DZ which equa ls  A = / D ~ '  

A&= ( A ~ / D ~ ~ ) D ~ ~  

8. Compute t h e  o u t l e t  v e l o c i t y  
V0=Vc=Q/Ac 

Example Problem: 

Given: 48 inch  diameter  c u l v e r t ,  200 feet long, 
n=0.012, 6% s lope  
Q-design=80 c. f. s. 
V0=24 f t / s e c  
The c u l v e r t  is governed by i n l e t  con t ro l .  

Reqld: Determine s i z e  and spacing of roughness 
elements f o r  tumbling flow. 

Solution:  1. I n l e t  c o n t r o l  governs. 

2. Equation VII-B-12 

1 . 6  ( Q ' / ~ )  ' j 5 < ~  (1.9 (p2/g) '1' 
4.6'<D1<5.i1 

U s e  D1=S1 

3. Compute h and L 
h/D1=O. 125+20% 
h=0.125 (5)=0.625' 

.S<h<.75 U s e  h=.58 f t .  o r  7 inches  



L/D1=2+ 25% 
-2.0 (5)=101 
7.5<L*12.5 Use La10 

4. Compute D .  
Di=D1-2h=$-1. 2 ~ 3 . 8  ' 

5 .  Determine yc f rom f i g u r e  111-4 
yc=2.8' 

6. Compute y /D 
yC/Di=0. 7 ~ 7 = i / D  f o r  table  111-2 

7. Determine A, from table 111-2 
A/DZ=A /Di2=.623 
~ ~ = . 6 2 5 ( 3 . 8 ) ~ = 9 . 0 7  f t . "  

8. Compute t h e  o u t l e t  v e l o c i t y  
Vc=Q/Ac=80/9.07=8.8 f t / s e c  
T h i s  is a r e d u c t i o n  f r o m  V=24 f p s  i n  
t h e  o r i g i n a l  c u l v e r t  of: 
100 (24-8.8)/24=63% 

FIGURE VII-B-6. SKETCHED SOLUTION FOR THE TUMBLING 
FLOW DESIGN EXAMPLE FOR CIRCULAR CULVERTS 
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V I I - C .  ROUGHNESS ELEIYENTS TO INCREASE 
CULVERT RESISTANCE NEAR TXE OUTLET 

INCREASED RESISTANCE I N  CIRCULAR CULVERT 

The methodology descr ibed i n  t h i s  s e c t i o n  involves  us ing 
roughness elements t o  i n c r e a s e  r e s i s t a n c e  and induce v e l o c i t y  
reduc t ions .  Inc reas ing  r e s i s t a n c e  may cause  a c u l v e r t  t o  
change from p a r t i a l  flow t o  f u l l  flow i n  t h e  roughened zone. 
Veloc i ty  reduc t ion  i s  accomplished by inc reas ing  t h e  wetted 
s u r f a c e s  a s  w e l l  a s  by inc reas ing  drag and turbulence by t h e  
use of roughness elements. 

Tumbling flow, a s  descr ibed  i n  V I I - B ,  is  t h e  l i m i t i n g  design 
condi t ion  f o r  roughness elements on s t e e p  s lopes .  Tumbling 
flow e s s e n t i a l l y  d e l i v e r s  t h e  o u t l e t  flow a t  c r i t i c a l  ve loc i ty .  
I f  t h e  requirement is f o r  o u t l e t  v e l o c i t i e s  between c r i t i c a l  
and t h e  normal c u l v e r t  v e l o c i t y ,  des igning increased  r e s i s t a n c e  
i n t o  t h e  b a r r e l  i s  a v i a b l e  a l t e r n a t i v e .  

The most obvious s i t u a t i o n  f o r  a p p l i c a t i o n  of increased  
b a r r e l  r e s i s t a n c e  i s  a c u l v e r t  f lowing p a r t i a l l y  f u l l  with 
i n l e t  con t ro l .  The o b j e c t i v e  is  t o  f o r c e  f u l l  flow near  
t h e  c u l v e r t  o u t l e t  wi thout  c r e a t i n g  a d d i t i o n a l  headwater. 

FIGURE VII-C-1. CONCEPTUAL SKETCH OF XOUGHNESS ELEMENTS 
,* TO INCREME RESISTANCE 
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Based on experience with l a r g e  elements used t o  force tumbling 
flow, f i v e  rows of roughness elements with he ights  ranging 
from 5 t o  10 percent  of the c u l v e r t  diameter a r e  s u f f i c i e n t .  

Much of the l i t e r a t u r e  r e l a t i v e  t o  l a r g e  roughness elements 
i n  c i r c u l a r  pipes expresses r e s i s t a n c e  i n  terms of the  
f r i c t i o n  f a c t o r ,  " f . "  Although t h e r e  is some merit i n  
using the  f r i c t i o n  f a c t o r ,  a l l  r e s i s t a n c e  equations are 
converted t o  Manning's "nn expressions f o r  t h i s  manual. 

The Manning equation f o r  a c i r c u l a r  culvert-f lowing f u l l  is 

Assuming normal flow near the  o u t l e t  and i n l e t  cont ro l  allows 
s u b s t i t u t i o n  of the bottom s lope ,  So, f o r  the f r i c t i o n  s lope ,  
Sf .  I f  the  c u l v e r t  flows less than f u l l ,  it is usually 

_ expedient t o  compute f u l l  flow and t o  use a hydraul ic  elements 
graph, f i g u r e  VII-C-3, t o  compute p a r t i a l  flow parameters. 
Designing roughness elements is  b a s i c a l l y  a matter of manipulating 
equation VII-C-1  and f i g u r e  VII-C-3 i n  conjunction with 
empir ical  graphs f o r  determining "n" i n  roughened pipes. 

Wiggert and E r f l e  (VII-B-7) s tud ied  the  ef fec t iveness  of 
roughness r i n g s  a s  energy d i s s i p a t o r s  i n  c i r c u l a r  cu lver t s .  
Although t h e i r  study was pr imar i ly  a tumbling flow study, 
they observed i n  many tests t h a t  they could g e t  ve loc i ty  
reductions g r e a t e r  than 50 percent  without reaching the  
roughness l e v e l  necessary f o r  tumbling flow. They did not  
der ive  r e s i s t a n c e  equations,  b u t  they d i d  es tabl i shed  
approximate design limits . 
B e s t  performance w a s  observed when h/D was .06 t o  .09. 
Doubling the  he ight ,  hl, of t h e  f i r s t  r i n g  was e f f e c t i v e  
i n  t r igge r ing  f u l l  flow i n  the  roughened zone. Adequate 
performance was obtained with four  r ings  but  with double 
spacing between t h e  f i r s t  two. However, the  same pipe length 
is  involved i f  a constant  spacing is maintained and f i v e  
r ings  used, with the  f i r s t  double the  he ight  of the o ther  
four.  The add i t iona l  r i n g  should he lp  e s t a b l i s h  the assumed 
f u l l  flow condition.  

Subsequent experience repor ted  by the American Concrete 
Pipe Association (VII-B-8) ind ica ted  a need t o  consider 
lower values of h/D, and t o  e s t a b l i s h  approximate r e s i s t ance  



curves f o r  evaluating a design i n  order t o  avoid in s t a l l a -  
t ions  M a t  w i l l  propagate f u l l  flow upstream t o  the cu lver t  
i n l e t .  

Morris' (VII-C-4) studied a l l  per t inent  rough pipe flw 
data  ava i lab le  and concluded t h a t  there  a r e  three  flow 
regimes and each has a d i f f e ren t  res is tance relationship.  
The three  regimes a r e  quasi-smooth flow, hyperturbulent 
flow and i so l a t ed  roughness flow. Quasi-smooth flw occurs 
only when there  a re  depressions o r  when roughness elements 
a r e  spaced very close ( L / h = Z ) .  Quasi-smooth flow is not 
important fo r  t h i s  discussion. Hyperturbulent flow occurs 
when roughness elements a r e  su f f i c i en t ly  c lose so  each - 
element i s  i n  the  wake of the  previous element and rough- 
surface vort ices  a r e  the primary source of the overa l l  
f r i c t i o n  drag. Isolated roughness flow occurs when 
roughness spacing is large and overa l l  res i s tance  is due 
t o  drag on the cu lver t  surface plus  form drag on the 
roughness elements. The three  regimes a r e  i l l u s t r a t e d  
i n  f igu re  VII-C-2. 

FLOW 
. .  ." :. 

(a) Quasi-smooth Flow ib.) Hyperturbulenr  low ic) Isolated ~oughners  low 

F I G U R E  VII-C-2. FLOW REGIMES I N  ROUGH PIPES 



Isolated-Roughness Flow 

The overa l l  f r i c t i o n  o r  res i s t ance ,  fIR, i s  made up of two par ts :  

fIR"f +fd 
where: f s  = Sr i c t i on  on the culver t  surface 

. f a  = f r i c t i o n  due, t o  form drag on the  roughness - . 
elements. 

The f r i c t i o n  due t o  form drag i s  a function of t\e drag 
coef f i c ien t  f o r  t he  pa r t i cu l a r  shape, the percentage of the 
wetted perimeter t h a t  i s  roughened, the roughness dimensions 
and spacings and the veloci ty  impinging on the  roughness 
elements. Morris r e l a t ed  t he  veloci ty  t o  surface drag and 
derived t he  fo l lw ing . equa t i on  

where: CD = drag coe f f i c i en t  f o r  the roughness shape 
Lr/P = r a t i o  of t o t a l  peripheral  length of rough- 

ness elements t o  t o t a l  wetted perimeter 
ri  = pipe radius  based on the ins ide  diameter 

of roughness r ings  measured from crest 
t o  crest. 

1 
.,' 

Throughout Morris' work, he used measurements from crest t o  
crest of a roughness element r i ng  a s  the e f fec t ive  diameter, D i .  
Equation VII-C-3 can be converted t o  a Manning's "n" expression 
a s  follows: 

fs=184.19 (n/D1") 
I/. 1 fIR=184 1 9  (nIR/D& ) 

nIRan ( D i / D )  '1' Llc67.2 CD (%/PI (h/L) I '!Z . .VII-C-4 
where: n 1 ~  = overa l l  Manning's "n f o r  i so la ted  

roughness flow. 
n = Manning's "n" f o r  the culver t  suface with- 

out roughness r ings  
D = nominal diameter of the culver t  
D i  = D - 2h = ins ide  diameter of roughness 

I r ings  

For sharp edge rectangular  roughness shapes, a constant value 
of 1 .9  can be used f o r  CD. 

Figure VII-C-4 is  a graphical so lu t ion  t o  Equation VII-C-4  
f o r  sharp edged rectangular roughness shapes and continuous 
rings.  I f  gaps a r e  l e f t  i n  t he  roughness r ings ,  Lr/P is l e s s  
than 1 . 0  and the equatLon r a t h e r  than the f igure  must be 

VII-C-4 



used t o  compute t h e  r e s i s t a n c e .  I t  is  noteworthy t h a t  t h e  
o v e r a l l  r e s i s t a n c e ,  n l ~ ,  decreases  as the r e l a t i v e  spacing,  
L / D ~ ,  i n c r e a s e s  f o r  t h ~ s  regime. 

Hyperturbulent  Flow 

The f r i c t i o n  i n  t h i s  regime i s  independent of f r i c t i o n  on 
t h e  c u l v e r t  s u r f a c e  

where: fHT = o v e r a l l  f r i c t i o n  f o r  hyper turbu len t  flow. 
$ = func t ion  of Reynolds number, element shape, 

'and r e l a t i v e  spacing.  

By r e s t r i c t i n g  a p p l i c a t i o n  of equa t ion  VII-C-5 t o  sharp- 
edged roughness r i n g s  and t o  spacings  g r e a t e r  t han  t h e  p ipe  
r a d i u s ,  0 can b e  neglected.  

S u b s t i t u t i n g :  

i n t o  Equation VII-C-5 and rear ranging  terms y i e l d s  

The e f f e c t  of t h e  roughness he igh t ,  h, i s  inc luded  inhe ren t ly  
i n  D i .  From f i g u r e  VII-C-5, it can be seen that ~ H T  i nc reases  
a s  t h e  spacing inc reases  f o r . t h i s  regime. 

Regime Boundaries 

S ince  r e s i s t a n c e  inc reases  when t h e  spacing i n c r e a s e s  f o r  
t h e  hyper turbu len t  regime and when t h e  spacing decreases  
f o r  t h e  i s o l a t e d  roughness regime, t h e  boundary between t h e  
regimes occurs  when the r e s i s t a n c e  equat ions  are the same. 
The boundary is determined by equa t ing  f I ~  i n  equa t ion  
VII-C-3 t o  fHT i n  equat ion VII-C-5. A l l  t h e  boundary curves 
i n  f i g u r e  VII-C-6 are based on sharp-edged r e c t a n g u l a r  
roughness elements (CD=1.90) and on f u l l  roughness r i n g s  
(~ , /P=1.0) .  S m a l l e r  va lues  o f  Lr/P i n c r e a s e  the i s o l a t e d  rough- 
ness  flow zone: s o  i f  i s o l a t e d  roughness flow occurs  f o r  
Lr/P=l.O, i t  w l l l  occur for any va lue  of Lr/P less than 1.0. 



Design Procedure 

1. Compute n / ~ ' / ' ,  where "no' is  Mannings c o e f f i c i e n t  f o r  
smooth c u l v e r t  and "D" i s  t h e  diameter. 

2. S e l e c t L / D i i n  the range 0.5 t o  1.5. (1.0 is suggested 
a s  a s t a r t l n g  po in t )  

3. S e l e c t  h/Di i n  t h e  range 0.05 t o  0.10. Use sharp edged 
roughness r ings .  

4. Determine t h e  flow regime from f i g u r e  VII-C-6. The 
flow regime w i l l  be " i s o l a t e d  roughness" ( I . R .  ) i f  
t h e  p o i n t  def ined  by t h e  L/Di  and h/Di r a t i o s  is 
above t h e  n / ~ " '  value. I f  t h e  p o i n t  is  below, the  flow 
is hyperturbulent"  (H .T. ) . I s o l a t e d  roughness flow is 
t h e  most common f o r  l a r g e  cu lve r t s .  

5. Determine the rough p ipe  r e s i s t a n c e  
( n r a n ~ ~  o r  ~ H T )  

a For i s o l a t e d  roughness flow obta in  
(nI&/n) from f i g u r e  VII-C-4 o r  from Equation VII -C-4  
nr= ( n ~ ~ / n )  n 
note: If gaps a r e  t o  be  l e f t  i n  the  roughness 

r i n g s  s o  t h a t  Lr/P is  much less than 1.0, 
Equation VII-C-4 must be used s i n c e  f i g u r e  
VII-C-4 is based on Lr/P=l.O 

(b) For hyper turbulen t  flow ob ta in  
nynHT from f i g u r e  VII-C-5 d i r e c t l y  o r  from 

. Equation VII-C-6 

6.  Compute the crest t o  c r e s t  roughness r i n g  diameter, 

7. Compute f u l l  flow c h a r a c t e r i s t i c s  based on D and n: 

Q(FULL)=(O.~~/~~)D~'/~S~"~ 

and  FULL) (0.59/nr) D ~ ' / ~ S ~ '  

8. Determine o u t l e t  v e l o c i t i e s :  

( a )  I f  Q (FULL)=Design Q I  

V (OUTLET) =V (FULL) 

(b )  I f  Q(FULL) is l e s s  than Design Q, the c u l v e r t  is 
l i k e l y  to flow f u l l  and r e s u l t  i n  increased head- 
water  requirements. In t h i s  case,  a complete 

VII-C- 6 



hydrau l i c  a n a l y s i s  of t h e  c u l v e r t  is  necessary 
t o  compute t h e  o u t l e t  v e l o c i t y  which w i l l  be  
g r e a t e r  than V(FULL) from S tep  7 .  To avoid 
t h i s  s i t u a t i o n ,  use an ove r s i ze  diameter ,  D i ,  f o r  
t h e  roughened s e c t i o n  of t he  c u l v e r t  and r e p e a t  
s t e p s  1 through 7 above. 

(c )  1f  Q(FULL) is  g r e a t e r  than  Design Q,  use f i g u r e  
VII-C-2 t o  compute t he  ve loc i ty .  Ente r  t h e  
f i g u r e  wi th  

Q/Q (FULL) = Q (DESIGN) /Q (FULL) 
read . 

V/V ( FULL) 
and compute 

 OUTLET) = (V/V(FULL) ) V (FULL) 

9 .  Evaluate  a c c e p t a b i l i t y  of o u t l e t  v e l o c i t y  and r e p e a t  
des ign  s t e p s  i f  necessary.  

Acceptable o u t l e t  v e l o c i t y  i s  a s i te  determinat ion 
t h a t  must be made by t h e  designer .  I t  is a n t i c i -  
pa ted  t h a t  one use of roughness r i n g s  may be t o  com- 
plement r i p r a p  p ro t ec t ion .  

I f  the o u t l e t  v e l o c i t y  is  no t  accep tab le ,  t h e  recommended 
o r d e r  of cons ide ra t ions  is: - 

( a )  I f  Q(FULL) i s  l e s s  than Design Q,  i n c r e a s e  
h/Di t o  approach f u l l  flow. A s o l u t i o n  
can usua l ly  be  a t t a i n e d  wi th  one i t e r a t i o n  
by approximating t h e  r e s i s t a n c e  from 

' 

n = 0 . 5 9 ~ ~ ~ / ~ ~ ~ '  / ' /(V(DESIRED) /1.15) ) and using 
an es t imated  value of D i  s l i g h t l y  g r e a t e r  
than  expected.  With nr known, s e l e c t i n g  a 
corresponding h/Di from f i g u r e  VII-C-4 o r  f i g u r e  
VII-C-5 is r e l a t i v e l y  s t r a igh t fo rward .  

(b) I f  V(FULL) is  s t i l l  t o o  h igh ,  i n c r e a s e  D i  f o r  t h e  
roughened s e c t i o n  t o  make p o s s i b l e  h ighe r  values  
of h/Di and correspondingly h ighe r  va lues  of nr; i - e . ,  
use an overs ized  c u l v e r t  wi th  diameter ,  D i ,  i n  
t h e  rough s e c t i o n  and r e p e a t  s t e p s  1 through 8 
above. 

(c)  U s e  a tumbling flow des ign  a s  descr ibed  i n  
s e c t i o n  VI I -B .  



(d )  Use another  type  of d i s s i p a t o r  e i t h e r  i n  l i e u  
of  o r  i n  a d d i t i o n  t o  t h e  roughness r ings .  

10. Determine t h e  s i z e  and spac ing  of t h e  roughness r ings .  

(dl  h =2h 
(&eight  of  f i r s t  roughness r ing ;  see f i g u r e  VI I -C-1 )  

(e )  D=Di+2h 
( f o r  overs ized  s e c t i o n s  of rough c u l v e r t s )  

( f )  U s e  f i v e  roughness r i n g s  inc luding  t h e  oversized 
f i r s t  r ing .  . I f  an w e r s i z e d  diameter i s  used 
provide an approach length  of one diameter before  
t h e  f i r s t  r i ng .  

Example Problem: 

Given: Cu lve r t  flowing under i n l e t  c o n t r o l  

Diameter = 48 inches  
Design Q = 100 c f s  
n = 0 . 0 1 2  . 
Slope = 4% 
Length = 200' 

Also, 

Q(FULL) = 314 c f s  
V(FULL) = 25 f p s  
Q(DESIGN)/Q(FULL) = 100/314 = 0.32 
V(DESIGN)/V(FULL) = 0.88 (from f i g u r e  VII-C-2) 
Vo= 22 f p s  
yo= 1.5 f e e t  

Find t h e  s i z e  and spacing of roughness element and the  
diameter of an enlarged end s e c t i o n  ( i f  requi red)  t o  reduce 
t h e  o u t l e t  v e l o c i t y  t o  15 fps .  

Solu t ion  

1. Compute n/D116 
n/D 16=.012/4 ' I 6  6 ' = ~  .0095 

2. S e l e c t  L/Dj=l.5 

VII-C-8 



3. Try h/Di=0.05 

4 .  From f i g u r e  VII-C-6,  t h e  regime i s  i s o l a t e d  roughness 
flow. ( n / ~ ' / ~  is  l e s s  than t h e  p o i n t  def ined  by t h e  
h/Di and L / D i  r a t i o s )  

5. Determine rough p ipe  r e s i s t a n c e  from f i g u r e  VII-C-4 

7. F u l l  flow computations f o r  t h e  rough pipe:  

Q(FULL)=(0.46/.0275) (3.6) ' " m = 8 9 . 8  cfs 
V(FULL)=8.83 f p s  

8. Compare f u l l  flow with  des ign  flow 

Q (DESIGN)/Q (FULL) =100/102=0.9 8 
V/V(FULL)=1.14 from f i g u r e  VII-C-3 
V (OUTLET)= (1.14) 8.83=10.1 FPS<15 which meets design condi tons  

9 .  The roughness s i z e - c o u l d  be  reduced s l i g h t l y  s i n c e  
v e l o c i t i e s  up t o  15 f p s  can be t o l e r a t e d .  From f i g u r e  
VII-C-3 it can b e  seen t h a t  

max (V/V (FULL) ) =1.15 ; 

The r e s i s t a n c e ,  n ,  could be  es t imated  such t h a t  

V = 15 f t . / s e c  and V(FULLI = 15/1.15: 

Using Di=3.8, nr=.022; s o  h/Di=0.025 would be s a t i s f a c t o r y .  
The i n h e r e n t  assumption i n  t he  design procedure may 
no t  be v a l i d  f o r  h/Di less than 0.05; use h/Di=0.05 
r a t h e r  than reduce h. A gap should be l e f t  a t  t he  
bottom f o r  d ry  weather drainage.  From f i g u r e  VII-C-3, 
t h e  roughened c u l v e r t  w i l l  flow 80 pe rcen t  f u l l  a t  
t h e  design d i scharge  s o  it i s  reasonable  t o  a l s o  leave 
a gap i n  the top  of each r i n g  a s  an a d d i t i o n a l  safeguard 
a g a i n s t  propagat ing f u l l  flow upstre&m t o  the  i n l e t .  



10. Roughness sizes and spacing: 

Di=D/(1+2h/Di)=4/1.1=3.64' 
h=(h/Di)Di=(.05)3.64=.18' use 2" 
L=(L/Di)Di=(1.5)3.64=5.5' use 5'-6" 
hl=2h=4" 
Use five roughness rings 

SECTION A.A 

SKETCHOF DESIGN EXAMPLE FOR INCREASED RESISTANCE INCIRCULAR CULVERTS 



FIGURE VII - C  - 3 HYDRAULIC ELEMENTS DIAGRAM FOR CIRCULAR 
CULVERTS FLOWING PART FULL 



Figure Vll-C-4 RELATIVE RESISTANCE CURVES FOR ISOLATED ROUGHNESS FLOW 
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Figure Vll-C-5 RESISTANCE CURVES FOR HYPERTURBULENT FLOW 
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Figure Vll-C-6 FLOW REGIME BOUNDARY CURVES 



I n  August, 1969, the American 

CULVERT VELOCITY REDUCTION Concrete Pipe Association con- 
tracted with Virginia Polytechnic 

BY Institute and State University (VPI) 

INTERNAL ENERGY DISSIPATORS 
to investigate and determine the 
feasibility and applicable design 
procedures for using roughness 

The designer is  olten concerned with bulencc. Most outlet protection devices elements as energy dissipaters of  
possible scour or ero5ion at the outlet are essentially  tilling basins, designed so free-surface in circular =On- 

of a drainage culvert constructed on a the hydraulic jump is formed in the basin. Crete pipe culverts. Results of the 
steep ~lope.'Sucli erosion can cause seri- 

describes dissipatois research are published in Highway 
oils maintenance, silting and pollution 
problems, The high velocity associated 

ed to lorm the hydraulic jump within Research Number 373 
with flo,y slopes is the critical the culvert, thus eliminating costly outlet Roughness Elements as Energy 
parameter in the erosion process. sfiuctuies. These diisipafori are cirular Dissipaters o f  Free-Surface Flow 

~ ~ d ~ ~ t i ~ ~  01 tiie of such flows ring~spaced along the pipe at the down- in Circular Pipes. Because of the 
i s  genemily accomplished by the iorrna- sfrearn end The rings cause a series of criteria of assuring free surface 
tion o i  a hydraulic jump. A hydraulic l~ydtauliu jumps to iorm in the barrel of flow, full capacity of the conduit 
jump converts shallow, high velocity llow the pipe, resulting in a near optimum 
to deeper, low veiocity flow while losing i l i s~ i~a t ion  of energy and virtually mini- 

was not realized and necessitated 
considerable energy in tile resuiting tur- poisibie total energy at the otrt~et. an increase in pipe size within the 

length of culvert in which the 
GENERAL roughness elements are placed. 

revious research conducted at channel. Since culverts operating Based on  the laboratory and field 

PVirginia Polytechnic Institute on under inlet control simulate open observations during this initial re- 
the use of roughness elements in channel flow, application of this search,subsequent tests were 
open channels established that ex- type o f  internal energy dissipation ducted for full f low conditions OC- 

cess energy in storm water flow- to culverts could possibly result in curring near the outlet end at 
ing down steep drainage channels more efficient utilization of the maximum design discharge. By 
could be dissipated by construct- culvert barrel and reduced outlet eliminating the criteria of free sur- 
ing roughness elements within the velocities. face flow and allowing the culvert 

FIGURE 1. TUMBLING FLOW IN PIPE CULVERT. 



FIGURE 2. ROUGHNESS 
ELEMENT IN PIPE. 

to approach full flow, i t  was found 
velocity reduction could be ef- 
fected without an increase in pipe 
size. The results of this later re- 
search and design procedures for 
both the full flow condition and 
the free surface flow condition 
are presented in the following 
paragraphs. 

FREE SURFACE FLOW TESTS 

The performance characteristics 
of dissipator rings were investi- 
gated initially in laboratory mod- 
els and, later with a full scale 18- 
inch reinforced concrete pipe pro- 
totype. Different numbers of rings 
of various cross-sectional dimen- 
sions and spacings were tested in 
the 6-inch diameter clear plastic 
model pipe which could be ad- 
justed to any slope from zero to 

30 percent. An early conclusion 
was that only five rings were 
necessary to achieve consistent 
results. The full scale prototype 
was tested at flatter slopes than 
the laboratory model because test 
facilities with unlimited quantities 
of water were not available within 
a reasonable distance of VPI. 

Since the objectives of the re- 
search were to dissipate energy 
and reduce high velocities asso- 
ciated with culverts on what are 
considered steep slopes, the cul- 
verts were operating under inlet 
control. Accordingly, the flow 
characteristics were observed to 
be one of critical f low at the en- 
trance of the pipe with the flow 
accelerating down the length of 
the pipe until the first ring, or 
roughness element, was reached. 
At that point, a hydraulic jump 
was formed, with extreme turbu- 
lence. The flow then encountered 
another roughness element while 
still in an agitated condition from 
the first and this pattern of action 
was repeated until a cyclic con- 
dition was reached, where the 
flow conditions over the rough- 
ness elements were uniform. Gen- 
erally, this cyclic action was at- 
tained after the second or third 
element. The agitated flow, char- 
acterized by a greater depth over 

FIGURE 3. TUMBLING FLOW IN 6-INCH PLASTIC PIPE. 

2 

the element than before it, a fall 
into a valley between the ele- 
ments, and a form resembling a 
hydraulic jump shortly before the 
next element, i s  called tumbling 
flow. Thus one cycle is completed 
and the f low tumbles into the next 
cycle until the outlet i s  reached. 
This tumbling f low can only be 
established and maintained under 
less than full f low conditions. Fig- 
ure 3 shows how tumbling flow 
with a free flow surface at less 
than maximum design discharge 
appeared in  the 6-inch clear plas- 
tic pipe. 

FULL FLOW TESTS 

During the previous VPI re- 
search on open channel flow, it 
was observed that i f  one large dis- 
sipator element was placed up- 
stream i t  created a large hydraulic 
jump which was maintained by 
the smaller downstream elements. 
In applying this observation to 
pipe flow at maximum design dis- 
charges, i t  was theorized that the 
hydraulic jump at the large up- 
stream ring would cause the pipe 
to flow full with the smaller down- 
stream rings maintaining the full 
flow condition. 

Several tests of various ring con- 
figurations quickly indicated the 
soundness of this approach. Sub- 
sequently extended tests for the 
full f low condition were made in 
the laboratory model with a ring 
configuration consisting of three 
small rings at the exit preceded 
by one large ring at double spac- 
ing as illustrated in  Figure 4. The 
three small rings were spaced at 
spacing-diameter ratio (LID) of 
1.5 with a ring height-diameter 
ratio (KID) of 0.0625. The large 
ring, at double spacing, had a 
height ratio KID of 0.146. 

Model tests were run for this 
configuration at three slopes of  
4.3, 9.3 and 15.2 percent. In order 
to compare these model tests with 
the full scale prototype tests un- 
der free surface flow, the range 
of test flows was equivalent to 10 
to 15 cubic feet per second in an 



FIGURE4. F U L L  FLOW I N  PIPE CULVERT. 

TABLE I. TEST RESULTS OF 6-INCH PLASTIC PIPE. 

18-inch diameter pipe. In all of 
these larger flows (larger than in- 
dicated by tumbling flow criteria), 
the pipe flowed full at the outlet 
with the initial hydraulic jump 
varying in position above the 
leading ring depending upon the 
slope and flow rate. in some cases 
thire were slugs of air moving 
unsteadily down the pipe, enter- 
ing at a vortex in the headwater 
and moving through regions of 
full f low in entrained bubbles. In 
such cases, the quantity and 
movement of air through the pipe 
would indicate pressures only 
slightly above atmospheric and in- 
let control still governed. Table I 
details the test data and results 
and Table I I  lists the computa- 'TABLE 11. CALCULATED PERFORMANCE 
tions relatina the test results to the OF 18-INCH CONCRETE PIPE. - 
expected performance of an 18- 
inch diameter prototype pipe. The 
prototype discharge Q, was de- 
termined by using a Froude rela- 
tionship for similitude, Q, = L, 5/2. 

In all cases except where tumbling 
flow is  noted, the model pipe was 
flowing full at the downstream 
end. Therefore, prototype velocity 
QP was determined by dividing 
prototype discharge by prototype 
area, where the prototype area i s  
the area of the pipe at the outlet 
minus the decrement in area re- 
sulting from the last ring. 



FULL FLOW DESIGN 
PROCEDURE 

Based on the preceding full 
f low test results, the following de- 
sign procedure i s  suggested: 
1. Select required pipe size based 

on the hydraulic design pro- 
cedures presented in Hydraulic 
Engineering Circular Nos. 5 or 
10 prepared by the Federal 
Highway Administration or the 
Concrete Piwe Design Manual 

2. For culverts operating under 
inlet control, determine outlet 
velocity by means of Man- 
ning's Formula. 

3. I f  velocity reduction i s  desired, 
select a roughness element size 
for the three downstream rings 
with a height-diameter ratio 
between 0.06 and 0 09, 

0.06 L KID L 0.09 

The single upstream ring would 
then be located at twice this 
spacing and sized to be ap- 
proximately double the down- 
stream rings. 

4. Determine the hydraulic cross- 
sectional area at the last down- 
stream ring. 

5. Divide the design discharge by 
the resultant area determined 

published by the l ~ m e r i c a n  and a spacing-diameter ratio of in Step 4 to determine the out. 
Concrete Pipe Association. 1.5. LID = 1.5 let velocity. 

Example 1. 

Given: Culvert, 36-inch diameter, Find: Size and spacing of rough- Solution: 
125 feet long, n = 0.012, 4% ness elements for full f low con- 1, check culvert control. 
slope ditions Figure 44, p. 222 Concrete Pipe 
Design Q = 60 cfs Design Manual 
AHW = 4.5 feet 

lnlet control: 

FIGURE 44 CULVERT CAPACITY 
36-INCH DIAMETER PIPE 

H W  = 4.4 feet 0.k. 
Outlet control: 
H W  f SOL = 5.1 feet 
HW = 5.1 - 0.04 X 125 
H W  = 0.1 feet 0.k. 

Therefore, Inlet Control gov- 
erns. 

2. Determine outlet velocity 
Figure 4, p. 181 Concrete Pipe 
Design Manual 

Qi.11 = 145 cfs 
Vn,u = 20.5 fps 

Figure 18, p. 195 Concrete Pipe 
Design Manual 

QdIQru~i = 601145 = 0.41 
Va I Vitr~l = 0.94 
V<i = 0.94 X 20.5 = 19.3 fps 

3. Velocity reduction desired. 
Downstream ring height 
0.06 4 KID L 0.09 

Use K = 0.25 feet or 3 inches 

Downstream ring spacing 
LID = 1.5 
Use L = 4.5 feet 

Upstream ring height 
Use K = 6 inches 

Upstream ring spacing 
Use L = 9 feet 

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 





FREE SURFACE FLOW 
DESIGN PROCEDURE 
Based upon the free surface flow 3. If velocity reduction is desired, 4. Select a roughness element size 

test results, the following design select a pipe diameter within for the dissipator rings with a 

procedure i s  suggested: the following range: height-diameter ratio between 

1. Select required pipe size based 
0.10 and 0.15, 

on the hydraulic design proce- 
[Q2 ] "5  [ Q z ] " 5  

0.10 & KID L0 .15  

A and a spacing-diameter ratio dures presented in Hydraulic 
Engineering Circular Nos. 5 or 0.1Og LDL_%5&g between 1.5 and 2.5. 

10 ore~ared bv the Federal where Q = design discharge 
1.5 & LID L 2.5 

~ i ~ h w a i  ~dministrat ion or the 
Concrete Pipe Design Manual 
published by the American 
Concrete Pipe Association. 

2. For culverts operating under 
inlet control, determine outlet 
velocity by means of Manning's 
Formula. 

g = acceleration due to 5. Determine hydraulic cross-sec- 
gravity (32.2) tional area at last dissipator 

ring based upon critical depth. 
The five dissipator rings wil l  be 
placed within this pipe diam- 6. Divide the design discharge by 
eter. the resultant area determined 

in Step 5 to determine the out- 
let velocity. 

Example 2. 

Given: Same as Example 1. Find: Size and spacing of rough- Solution: 
ness elements for free surface flow 1. Check culvert control (see Ex- 
conditions. 

ample 1).  
FIGURE 25 CRITICAL DEPTH Inlet control governs. 

CIRCULAR PIPE 
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2. Determine outlet velocity (see 
Example 1). 

Qt.11 = 145 cfs 
Vt.11 = 20.5 fps 

Qdesisn = 60 cfs 
Vdesisn = 19.3 fps 

3. Velocity reduction desired, se- 
lect pipe diameter for culvert 
outlet. 

Try a 48-inch diameter pipe. 

4. Select roughness element size 
and spacing. 

K 
Size- 0.10 L-jy L0.15 

4.8 L K L 6 . 0  

Try K = 5 inches. 
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CULVERT VELOCITY REDUCTION 
I 

WITH AN OUTLET EXPANSION 

I This article describes the con- 
I cept of using an abrupt expansioti 

at the outlet end of a concrete 
culvert for purposes of outlet ve- 
locity r~duction. The method is 
intended for culvert operating un- 
der conditions of outlet control 
at rnaxirnum discharge. A model . test program was set up to estab- 
lish the design requirements ior 
the expansion, and experimentally 
verify the performance. The results 
o i  this research are also presented. 

GENERAL 

here are many culvert applica- T tions wherein the designer 
specifies maximum outlet veloci- 
ties, usually in order to simplify 
problems of possible scour and 
erosion at the outlet. For example, 
the velocity may be specified at 
6 to 8 feet per second, which ve- 
locity i s  considered sufficiently 
low that scour can be easily re- 
sisted at the outlet with riprap, 
natural till, or perhaps a grassed 
channel. Under conditions of out- 
let control with the pipe flowing 
full, the required pipe size is then 
determined from the continuity 
equation as 

in which D is  the pipe diameter in 
ft, Q is the maximum (design) dis- 

charge in cubic feet per second, 
and V is the pipe velocity in feet 
per second. 

Unfortunately, when the design 
i s  governed by limiting maximum 
outlet velocity, concrete pipe may 
lose the advantage of a size differ- 
ential over other pipewhich is  less 
efficient hydraulically. Using the 
method proposed here, however, 
a more economical design i s  pos- 
sible. The method consists simply 
of using an abrupt expansion at 
the outlet end of the culvert. This 
can be achieved in practice by 
telescoping one length of larger 
pipe at the outlet over the pre- 
ceding pipe, as shown in Figure 1. 
In this way a smaller d~ameter can 
be used for most of the pipe, and 
the outlet velocity specification 
can still be met. The purpose of 
using an abrupt expansion as op- 

posed to a gradual expansion is  
that the former can be accommo- 
dated quite simply using existing 
sizes of precast concrete pipe, and 
fabr~cation of a special transition 
sectlon is unnecessary. 

The proposed design applies 
only to outlet control situations 
where the tailwater is at or above 
the crown of the pipe at design 
flow. Downstream submergence 
of this type is fairly common in 
flatland drainage problems, or 
in multi-pipe installations where 
smaller diameters are used be- 
cause of limited headroom. Down- 
stream submergence is particularly 
prevalent on irrigation projects 
where, under controlled tailwater 
situations, the conduit i s  deliber- 
ately set to insure full flow and 
thereby utilize the full area of the 
pipe. 

SEALANTORMORTAR 
T. W.lATDESlGN FLOW) 
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FIGURE 8 ,  BEFANITION SKETCH FC3lR ABRUPT EXPANSION 



THEORY FOR ABRUPT 
EXPANSION 

In the absence of an expansion 
the head lost a t  the outlet will be 
equal to the conduit velocity head. 

h,, = V,Z12g (2) 

With an expansion, in which the 
velocity i s  reduced to V,, the out- 
let loss will be 

h,, = V,2/2g (3) 

In addition there will be a head 
loss due to the abrupt expansion, 
as given by the well established 
expression 

The net head gain h, due to the 
expansion wil l  be h,,-(h,,+ h,,), 
or 

Equation (5) may be reduced to 

For a circular pipe equation (6) 
may be written as 

in which D, i s  the diameter ratio 
D,/D,. Equation (7) shows that 
there wil l  be no head gain i f  D,= 1 
(no expansion) or i f  D,= 0 (infi- 
nitely large expansion). The maxi- 
mum possible head gain may be 
found by setting dhgldD,= 0, for 
which D,=0.707. In this case 
D,=1.414D1 and the head gain 
would be 0.5 V,/2g. 

Because of the extra pipe length 
required to achieve a proper ex- 
pansion with D,=0.707, this diam- 
eter ratio would not be most eco- 
nomical in practice. Fortunately, 
most of the benefit can be ob- 
tained with a larger value of Dr. 
For example, with D,=0.85, the 
head gain will still be 80% of 
maximum. Consider~ng also that 
scour potential of the jet varies as 

velocity squared, then for a given 
discharge the scour potential wi l l  
vary as the fourth power of the 
reciprocal of the outlet diameter. 
In this case a value of D,=0.85 
would reduce the scour potential 
to almost half. 

I t  i s  important to note that the 
head gained at the inlet and ve- 
locity reduction at the outlet go 
together. One cannot be obtained 
without the other. If the outlet 
velocity i s  to be successfully re- 
duced the head must be gained 
whether i t  i s  needed or not. 

I t  i s  evident that the effective- 
ness of the expansion will depend 
upon the length of pipe following 
the abrupt expansion. This length 
is shown as L on Figure 1. If  L is 
shorter than the length necessary 
for a complete expansion of the 
flow, the head gain wil l  be less 
than given by equation (7) and the 
outlet velocity wil l  be greater than 
calculated from V= QIA. Further, 
the required length wil l  depend 
upon D,, i n  that to achieve full 
expansion smaller values of D,ID, 
wil l  require larger values of LID,. 

The efficiency of the expansion 
may be designated as C,, called 
the recovery coefficient, which i s  
the ratio of the actual head gain 
to the theoretical head gain given 
by Equation (7). Hence, 

The object of the experimental 
program was to determine the re- 
lationship between C, and LID, 
for a given value of Dr. 

Standard pipe size increments 
are 3 inches in the smaller sizes 
and 6 inches in the larger sizes. 
Values of D, for various standard 
size ratios are given in Table 1. 
Obviously, considerable time and 
expense would be involved to test 
each individual size ratio. For- 
tunately, the value of D, does not 
change greatly for the group so i t  
was felt that considerable useful 
data could be obtained with tests 
based on the average D, for the 
group. 

MODEL TEST AND RESULTS 

The test model consisted of an 
8%-foot long smooth acrylic pipe 
with an inside diameter of 0.330 
feet. An expanded section with 
an inside diameter of 0.374 could 
be added to the end, thus permit- 
ting a test value for D, of 0.883. 
The expanded section was tele- 
scoped over the smaller pipe and 
could be adjusted to change LID,. 
The bed of the discharge channel 
was placed at the same elevation 
as the invert of the outlet pipe. 

Discharge from a metered sup- 
ply was passed through the pipe. 
The tailwater was adjusted so that 
the crown of the pipe was just 
submerged. Initially, the pipe was 
tested without any expansion over 
a range of discharges, and later 
the same procedure was followed 
with various expansions added to 
the end. The difference in head 
across the pipe was noted in each 
case. Scour tests at the outlet were 
also used to test the effectiveness 
of the expansion. 

For purposes of data analysis 
the results were plotted non- 
dimensionally, as shown in Fig- 
ure 2. The value H is  the meas- 
ured differential head (headwater 
minus tailwater) across the con- 
duit. The upper curve gives HID, 
versus Q/DYZ for the pipe with 
no expansion on the end. The 
lower curves give HID, with vari- 
ous values of LID,. The vertical 

TABLE 1 

VALUES OF D, FOR VARIOUS 
STANDARD PIPE SIZE 

DIFFERENTIALS 



3.0 account for 90% of the head gain. 
Theoretically, L/Dl should be 
slightly greater than unity for the 

2.5 D, values less than 0.883 in Table 
1, and could be slightly less than 
unity for the D, values greater 

2.0 than 0.883. 
A D,/D, ratio of 0.775, simulat- 

ing a greater size differential, was 
- 1.5 also tested, as reported elsewhere 
01 . Indications were that an ex- 

pansion length of 4 pipe diam- 
1.0 eters would be required to prop- 

erly achieve the desired expansion 
and velocity reduction. This is not 

0.3 surprising when i t  i s  considered 
that for D,/D,= 0.5 and LIDl= 8 
is required to achieve a complete 

o expansion, as shown by Chater- 
0 1 2 3 4 5 7 8 vedi "). Data reported here i s  

OID, ' I Z  confined to the case of D,= 0.883 

FIGURE 2. DIMENSIONLESS PLOT OF HEAD 
VERSUS DISCHARGE 

difference between the upper 
curve and a lower one gives h,/D, 
for the outlet condition repre- 
sented by the lower curve. The 
data were carefully plotted to a 
large scale and the values of h,lD, 
were read directly from the plot. 
The results of this process are o,21,/-I given in Table 2, 

The plot of recovery coefficient 

,V 1 1 I I versus LID, from the data in Table 
0.6 l o  x.6 ..o 2 i s  shown in Fieure 3. and indi- 

L i O ,  
w 

cates that the expansion i s  100% 
FIGURE 3. RECOVERY COEFFICIENT eff~cient at LID,=1.5. However, i t  

VERSUS EXPANSION is suarested that L/D.%1.0 would 
LENGTH FOR ABRUPT be satisfactory for de ign  purposes 
EXPANSION for the size differentials listed in 

Table 1. An L/D,=1.0 would still 

because this size differential can 
be accommodated in most field 
cases bv the addition of a sinale - 
length of the larger pipe. 

SCOUR TESTS 

In a design in which outlet ve- 
locities govern, the head saved by 
using an expansion may be of sec- 
ondary importance. Velocity re- 
duction is the primary require- 
ment. As previously indicated, 
however, i f  the velocity i s  reduced 
then head is  saved automatically, 
and the latter may be taken as 
proof of the former. Nonetheless, 
scour tests were carried out as 
further proof of the effectiveness 
of the expansion. 

Scour comparisons were made 
for the pipe with and without the 

TABLE 2. 

RECOVERY COEFFICIENT FOR Dl/Dz = 0.883 



expansion, using a stone bed of 
median size dm= 0.02 feet. Figure 4 
shows the typical appearance of 
the elongated saucer shaped scour 
pattern which formed in the bed 
downstream from the pipe outlet. 
A plan view of the scour pattern 
corresponding to a Q/D15'2= 5 i s  
shown in  Figure 5. The numbers 
on the contours represent scour 
depth in feet below the invert ele- 
vation. 

With an expansion of D,/D2= 
0.883 added to the outlet, i t  was 
necessary to increase the discharge 
by 20%, to Q/D;"=6, to pro- 
duce similar scour, as shown in 
Figure 6. 

Scour data was plotted non- 
dimensionally as shown in Figure 
7. The intercept on  the abscissa 
represents the limiting maximum 
value of QiD,SI2 for no scour in 
that particular size of bed rnate- 
rial. With no expansion the value 
i s  2.7 and with the D,=0.883 ex- 
pansion the value i s  3.5. Scour 
should commence at approxi- 
mately the same velocity in either 
case, and this i s  essentially verified 
by the fact that 2.7/(0.883)' 2 3.5. 

CONCLUSION 

1. Head may be gained and outlet 
velocities reduced by the addi- 
tion of an abrupt expansion to 
the end of a conduit designed 
to operate under outlet control. 

2. An expansion length of L= Dl 
i s  sufficient to recover 90% of 
the theoretical head gain for 
D,=0.883. This diameter ratio 
conforms cjosely to a one size 
differential in standard sizes of 
concrete pipe. 

3. The theoretical head gain for 
the abrupt expansion is  

4. The velocity reduction aspect of 
the expansion has been verified 
bv scour tests. 
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FlGlBRE 4. TYPICAI.. SCOUR PATTERN AT CONDUIT OUTLET 

FIGURE 5. SCOUR PATTERN CONTCDURS FOR SINGLE PIPE 
Q/Dl5/' = 5; d ,n / D  I -- - 0.058 

l=i@aL1Ri; 6. SCOUR PATTERN COkITllUWS FOR BlPE WITH 
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MANNING'S n VALUES 

HISTORY OF RESEARCH 

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 almost 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 otheragencies have estab- 
lished Manning's n laboratory values. However, these 
laboratory results 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 
to 3 times those of smooth wall pipe. 

Smooth wall pipes were found to haven 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 n laboratory value should be increased a 
similar amount in order to arrive at comparative design values. 
Recommended design values are shown in Table I. 

The appropriateness of excluding 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 PipeHpre- 
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 partially 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 

.. 
DUCTILE IRONICAST IRON 
CORRUGATED METAL' 

22h" x ,/*" 

- - 

TYPE OF PIPE 

CONCRETE 
PLASTIC 
ASBESTOS CEMENT 
CI AV 

3 X 1" 

6 x 2 structural plate 
9 x 2 % " ~ t r u c t ~ r a l  plate 

i I 
~in~lude~steelandalum~nump~pe neltcallycorrugatedplpe andcorrugatedplpe 
with lhnlngsand pavmgsdueto the extremely shoo servlce llle of the 

Irn8ng and pavlng materlai 

VALUES OF MANNING'S n 

LAB VALUES 

0.009 - 0.01 1 
O.m9 
0.010 
0,010 

DESIGN VALUES 

Storm-0.012 Sanilary-0.013 
Stoim-0.012 Sanitary-0.013 
Storm-0.012 Sanilary-0.013 
Storm-0,012 Sanitary-0.013 



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 n values. 
The Kutter formula was mathematically cumbersome even 
though charts and graphs were developed as design aids. 

The simpler Manning formula, developed in 1890, has 
generally replaced the Kutter formula in use. Manning's 
formula in terms of flow is expressed as follows: 

1 .486AR,,,s 81, Q = -  
n 

where: Q=flow in pipe, cubic feet per second 
A=cross-sectional area of flow, square feet 
R=hydraulic radius, equal 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 formula came into more common 

use, the direct interchange of n values with Kutter's was 
questioned. A series of studies, prior to 1924, at the Uni- 
versity of lowa 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- 

Through Culverts," by David L. Yarnell, Floyd A. Nagier 
and Sherman M. Woodward. Values obtained from the test 
results for Manning and Kutter roughness coefficients, are 
given in Table I/. 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 n values 
for pipe began in 1946 and continued over a four-year 
period at St. Anthony Falls 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- 
lic 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 hydraulic tests were 
eliminated in the Minnesota tests. Culvert test lengths 
were 193 feet which were lonaerand more representative 
of actual installation conditions. Pipe section lengths were 
closer to actual commercial lengths particularly for con- 
crete pipe with six-foot sections being used instead of the 
twodoot and three-foot lengths used in the 1926 Iowa test. 
The test results were published in 1950 by the University 
of Minnesota in Technical Paper No. 3, Series B, "Hydrau- 
lic Data Comparison of Concrete and Corrugated Metal 
Pines" hv I nrenj. G Straub and Henrv M. Morris and are 

I I 

TABLE li: University of lowa Tests on  Culvert Pipes-1926. Average Values of the Coefficient 
of Roughness in Concrete, vitrified-clay, and Corrugated Metal, Culvert Pipe i 

culture, and the University Iowa. The test program 
consisted of 1480 hydraulic experiments 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 

. , r - -  -, -. .- -. . .. .~~ . .. - 

as shown in Table 111. These results indicate a significantly 
lower of ~ ~ ~ ~ i ~ ~ ' ~  for .concrete pipe than the 
,926 lows tests. Technical paper No. 3 also included 
recommended design values for n for both corrugated 
metal and pipe as reproduced in rable /v, corn- 

I Inches ) concrete ] Clay I Metal Concrete ) Clay Metal 

Kutter Coefficient Diometer Manning Coefficient 

1 I I I I 

1 24 

30 

Notes on p ipe  used in the lowo tests:  T h e  12" ond 18" concrete pipe were in >-foot lengths. T h e  24" and 30" concrete pipes 
were i n  3.lool lengths. Thev i t r i f i ed -c lay  pipes were ol l  in30 - inch  lengthr. cor rvgoted  metal piper were supplied in  6 and 8-100' 
lengths. Corrugated met01 pipe hod o % x 2% inchcorrugotionpmttern. ~ o i ~ t ~  in the concrete pipe where made with cement mortar. 
Joints i n  the vi t r i f ied-clay pipe mode wi th  oakum ond cement mortar. 

.0130 

.0127 

.0127 

,0131 

.0216 

,0232 

,0130 

,0125 

.O 125 

.0131 

.0239 

,0254 



TABLE Ill: University o f  Minnesota Test o n  Culvert  Pipes-1950. Summary of Test Resulls 

1 1 Pipes Flowing Full I Pipes Flowing Partly Full 1 
Type and Size of Pipe 

18-inch corrugated 

24-inch corrugated 

36-inch corrugated 

I Group 1 36 1 0.0252 0.0216 0.0239 1 32 1 0.0258 0.0228 0.0242 1 

Manning Roughness Coefficient 
Moximum Minimum Average 

0.0251 0.0222 0.0242 
0.0252 0.0228 0.0242 

0.0247 0.0216 0.0232 

Group 

No. of 
Tests 

8 
10 
14 

Manning Roughness Coefficient 
Maximum Minimum Average 

0.0258 0.0248 0.0252 
0.0244 0.0232 0.0240 
0.0243 0.0228 0.0236 

18-inch concrete 
24-inch concrete 

36-inch conc~.ete 

parlng the values from Tables 11, 111 and IV it is readily 
apparent that no safety factors were applied to the labora- 
tory values when converting them to design values. The 
footnote beneath Table IV ,  however, qualifies the appllca- 
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- 

Group 

pating bodies. Tests were made on field installations of 
60-inch structural plate corrugated metal pipe culverts 
70 and 150-feet long w ~ t h  various inlet shapes and slopes 
from 1 to 3 percent, and on a 48-inch concrete pipe cul- 
vert 78-feet long on a slope of 0.5 percent. Laboratory 
tests were conducted on 15-inch diameter standard cor- 
rugated metal pipe 86 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 60-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 a 
standard deviation of  0.0025. Pending further tests, the 

12 
9 

11 

NOTE: From Technccol Poper No. 3, Sertes B 

32 

0.0108 0.0091 0.0097 
0.0104 0.0093 0.0100 

0.0108 0.0103 0.0106 

0.0108 0.0091 0.0101 0.0110 0.0102 0.0106 

TABLE IV: University o f  Minnesota Tests on Culvert Pipes-1950. Recommended Design Coefficients 
for Corrugated Metal  and Concrete Culverts 

10 1 0.0110 0.0102 0.0107 

6 / 0.0108 0.0102 0.0104 
- I - - - 

Concrete* 

0.0100 
0.0110 

Items 

Manning coefficient of roughness, n, ful l  flow 
Manning coefficient of roughness, n, portly ful l  flow 

NOTE: From Technical Paper No. 3, Series 8 - Toble Ill, Poge 5. 
*The above recommended valuer apply to new, straight pips with no obstructions, s ide openings, or other flow.disturbing 
features. The Monning coeff ic ients for corrugated met01 apply to corrugot ionr  with %-inch height ond 2%-inch spocing. The 
Manning coeff ic ients for concrete opply t o  pipe manufactured by the cart-and-vibrated process in 6.foot lengths of  p ipe and wi th 
non-pressure rubber r ing joints. 

Corrugated Metal* 

0.0250 
0.0240 



value of 0.035 was adopted for structural plate corrugated- 
metal pipe." 

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

"Values ranged from 0.021 at very low velocities to 0.025 
at high velocities. It appeared that 0.026 was probably a 
peak value and that 0.025 was reasonable for design 
purposes!' 
Additional quotes as to values of Manning's n fqr 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 to 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, i t  can be seen that the capacity of the 
48-inch concrete culvert was approximately the same as 
that of the 60-inch structural plate corrugated-metal one, 
of approximately 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 especially when subjected to high headwater depths, 
the main 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 tests 
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 Public 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 field measurements 
of joint irregularities, and (2) pipe laid with extreme care 
to eliminate, as far as possible, all flow interference at the 
joints. The first condition was referred to 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: 

offsets-due to misalignment or variation in diameter 
of pipe. . grooves-formed by annular openings between 
tongue and groove ends of pipe. 
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 

. ': Cross-Secti0n Of Pipe 
Test Joints 

Joint may have oftset in addition 
to groove and bead or f i l let. 

Diaper 
Exterior o f  Pips 

eo = 0 to 1.37" Fillet 
of fset  

eb = O '' 0.72" " O V ~  =5.32" b = 0 to 1.54" 

Bead Groove 

4 design data 14 



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

In the mid-1980's, laboratory testsof concreteand plastic 
pipe were conducted at the T- Blench Hydraulics Laboratory, 
Department of Civil Engineering. The University of Alberta. A 
report by D.K. May. A.W. Peterson and N. Rajaratnam. A study 
of Manning's RoughnessCoefficientforCommercial Concrete 

I Plastlc Plpe. was published In JanLary, 1986 Commerc~ally 
ava~lableconcrete D ue1n8.10ano 15-~ncha~ametersand PVC 

I plastic pipe in 8, io'and la-inch diameters were tested with 

I clean water and straight al~gnmenr. The average Mann~ng's n 
values were found to be 0.010 for concrete oloe 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. 

tests on 3, 5, and 7-foot diameter corrugated metai pipe 
at the Bonneville Hydraulic Laboratory, Bonneville, Ore- 
gon. Length of the test installations was 350 feet for all 
diameters. All pipe had a corrugation pattern of 2%-inch x 
I/,-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 1959, 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 values are presented 
graphically in the report. As a conciusion, the report 
states that for 3, 5 and 7-foot nominal diameter corrugated 
pipe with a 2%-inch x %-inch corrugations and flowing 
full, a Manning's n=0.024 was obtained. 

In 1956, a program of hydraulic tests was initiated by 
the U. S. Army Engineers, and the Bureau of Public Roads 
at the U. S. Army Waterways Experiment 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 show~ng the relationship of 
Mannina's n with pipe size for three commercially avaii- 

I CORRUGATED METAL PIPE TESTS able corrugation daiterns. These graphs are reproduced 
in Design Data 2. A summary of the range of n values and 

Prior to 1950, comparatively few tests had been made the aoolicabie eauations relatina Manning's n to ~ i ~ e  - . . 
diametkrs are presented in Table7 VII. 

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- 
terns. The values of n recommended for unpaved corru- 
gated metal pipe in the 1983 "Handbook of Steel Drain- 
age and Highway Construction Products," published by 
the American iron and Steel institute, are presented in 
r2hlr= VIII 

on large size corrugated metal pipe. For this reason, the 
Office, Chief of Engineers, U. S. Army, in 1951, authorized 

TABLE V: University of Alberta-1986. 
Summary of Test Results 

. . 

8-inch PVC 
10-inch PVC 
18-inch PVC 

Group 

8-inch Concrete 
10-inch Concrete 
15-inch Concrete 
Group 

Number Manning's n Values 
3 9 >  36" to 96" 

12-cnch Concrete 6 ~ p  2~ 60" to 24098 

Type &Size P iw 

TABLE VI: Utah State University-1986. 

Summary of Test Results 

I I I 
Group 64 0.0103 0.0097 0.0099 

-. 

Tests 

63 
60 
62 

185 

58 
61 
60 

179 

Number 
of 

0.0259 " = -- 
D 0.044 

Manning's n Values 

Maximum 

0.0115 
0.0104 
0.0096 

0.01 15 

0.0138 
0.0136 
0.0116 
0.0138 

2%- K w  

Minimum 

0.0080 
0.0077 
0.0073 

0.0073 

0.0092 
O.M)87 
0.0076 --- 
0.0076 

12" to 96" 

Average - 
0,0088 
0.0089 
0.0091 - 
0.0089 

0.0101 
0.W98 
0.0097 
0.0099 

.,,., 

TABLE VII: Friction Factors for Hydraulic Design 
of  Corrugated Metal Pipe 

Equotion 
Corrugated 

pottern 

Pipe 
Size 

Ronge 

n 
Volue 
Ronge 



I I 
v ~ n e  conoulr is grearer rrran LU UI~IIWL~IS I U I I ~ .  

TABLE VIII. Values of Coefficient of Roughness n for 
Corrugated Steel Pipe (Manning Formula) The conduit is unpaved. I 

There are no manholes, wyes and tees. 
Corrugations 
.(Annulor) 6 x 2 in. There are no changes in grade and alignment. 

Diom. 5 to 20 ft. 
CORRUGATED ALUMINUM PlPE TESTS 

I I I In April 1971, a report was published titled "Further 
Y w v e d  1 0.024 1 0.027 0.031* Studies of Friction Factors for Corrugated Aluminum Pipe 

I I I I I Flowing Full" by Edward Silberman and Warren Q. Dahlin. 1 

I "BPR Circ. 10, Mar. 1965, p. 78. Bared on 1084". diam. 

of Research and Development published a report "Hy- 
draulic Flow Resistance Factors for Corrugated Metal 
Conduits" by J. M. Norman and H. G. Bossy. The observa- 
tions by the authors were that "as the pipe diameters in- 
creases, the helix angle also increases, and as the helix angle 
approaches 90 degrees the pipe must behave as a corrugated 
pipe with annular corrugations. For a partly fuli flow condi- 
tion in a helically corrugated rnetal pipe in which the spiral 
flow cannot be maintained, i t  is  presumed that even a small 
helix angle would cause little reduction in resistance and 
that the same resistance coefficient as that for standard cor- 
rugated metai pipe should be used. There i s  need to test 

St. Anthony Falls Hydraulic Laboratory, University of Min- 
nesota. Laboratory tests were conducted on pipe which 
ranaed in diameter from 12 inches to 66 inches and 

To date, limited testing has been conducted on heli- 
cally corrugated metal pipe. Tests were conducted on 
helically corrugated metai pipe by A. R. Chamberlain and 
the results were published in 1955 at Colorado State Uni- 
versity in a report titled "Effect of Boundary on Fine Sand 
T~~~~~~~~ in ~~~l~~ inch Pipes,H Charles E, Rice con- 
ducted flow tests at the stillwater outdoor ~ ~ d ~ ~ ~ l i ~  
Laboratory, Stillwater, Oklahoma, on ,3-inch and j2-inch 
pipe, ~i~ report titled yriction ~~~t~~~ for ~ ~ l i ~ ~ l  corru- 
gated pipe,- was published by the ", S, Department of 
Agricultural Research Service in 1966. 

In 1970,the Federal Highway Administration, Offices 
ness.   he water used in the tests carried :light load of sand, 
mostly as suspended load, from the Mississippi River. No 
significant amount o f  sand was found in the pipes after the 
flow was shut down; i t  is  not believed that the sand affected 
the results." 

Values of Manning's n ranged from 0.0107 for 12-inch 
helical pipe to0.0222for48-inch helical pipe. Use by designers 
of such low nvaiues is not recommended astheseare basedon 
laboratory tests for full flow conditions, a 20-foot head, no 
appreciable bed loads, carefully aligned joints, and a 20 
diameter length of flow development region. Therefore, the 
conclusions and recommendations of the Federal Highway 

lengths from 100 feet to 220 feet using both annular and 
helical corrugated aluminum pipe. The tests were con- 
ducted with a head of 20 feet so that the pipe would flow 
full. 

The conclusions reached by the authors are ,,The 
experiments described in this report have been conducted 
using corrugated aluminum pipes flowing full. The measure- 
ments were made following an entry region of 20 or more 
pipe diameters, and although this distance appears to be 
sufficient, i t  i s  not known whether this is  a minimum distance 
for fully developed flow. Measurements were made under 
laboratory conditions with pipe carefully aligned and joints 
carefullv made SO as to avoid introducina additional rough- 

further helically corrugated metal pipe, especially the larger the 1980 updated report and the Hydraulic 
s~zes. At present the use of a reduced resistance coefficient is  resistancefactorsforhelical I 
indicated only for small diameters, 2 feet or less, and then 
only under full flow conditions. . . . The best course for con- 
servative design, pending further test results i s  to use annular 
corrugated metal pipe resistance coefficients for helicallv 

corrugations are applicable whether the pipe is made of 
aluminum or steel. 

I There 1s no eroston res.stant SL* merit bu, ,n the recommenosasa des~gn v a l ~ e  For properdeslgn ptastlc pipe 

cono-11 I should be classed as any otner smooth wall p8pe wltn a deslgn I 

. . 
corrugated pipe." 

An updated "Hydraulic Flow Resistance Factors for 
Corrugated Metal Conduits" was published by the Federal 
Highway Administration in January. 1980. In September, 1985. 
the Federal Highway Administration published "Hydraulic 
Designof Highway Culverts,"H~draulic DesignSeriesNo.5by 
J.M. Norman, R.J. Houghtalen and W.J. Johnston. 60th 
publications recommend annular flow resistance factors be 
used for helically corrugated metal pipe installations Unless all 
the following conditions are met: 

The conduit flows full. 

The conduit is circular in shape. 

1 value for Manning's n as shown in Table I. I 

PLASTIC PlPE TESTS 

Tests were conducted by Lawrence C. Neale and Robert 
E. Price in 1962 at Alden Laboratory. Worcester Polytechnic 
institute, worcester, ~ ~ ~ ~ ~ ~ h ~ ~ ~ t t ~ ,  on &inch and 12-inch 
PVC plastic pipe flowing both full and partly full, using clean 
water and straight sections. The only other published reports 
on laboratory tests of pvc pipe roughness coefficients are a 
1985 Utah State University report on "Fluid Frictional Headloss 
Coefficient Determination for Spirally Wound Ribbed PVC 
Sewer Pipe by Professor R.W. Jeppson and the 1986 University 
of Alberta Study previously cited. Test results indicated a 
laboratory n value of 0.009 which the plastic pipe industry 



Slime and grease adhere to all commonly used sewer 
pipe materials. Plastics, which although presenting asmooth 
surface, have become accepted for use as a biological filter 
media for which purpose slime adherence is a prime requisite. 
In January, 1978 the Journal of the Water Pollution Control 
Federation published a study. "Accumulation of Slime in 
Drainage Pipes and Their Effect on Flow Resistance." which 
was conducted at the Water Research Center, England by 
C.E.G. Bland, R.W. Bayley and E.V. Thomas. After passing raw 
domestic sewage through a pipeline consisting of equal pipe 
sizes and lengths of polyvinyl chloride, asbestos cement, 
bituminized fiber, unglazed clay, ceramic glazed clay and Salt 
glazed clay, the study concluded the amount of accumulated 

Ohlo State University. The values of n determined from 
these tests were for new, clean, well-aligned pipe using 
river water of low turbidity. Then  values were found to be 
between 0.0075 and 0.011. In the report "Sewer Pipe 
Roughness Coefficients" presented at the 1953 Annual 
Meeting of the Ohio Sewage and Industrial Wastes Treat- 
ment Conference Mr. Cosens stated that "After several 
years of continuous use of pipe the coefficient of roughness 
of the sewer no doubt will tend to be a coefilcient which 
measures the effect of a slime or grease coated pipeline." 
Because of this fact he recommended that the design co- 
efficient of roughness should be at least 0.012 or 0.013. 

was-independent of pipe materials and surface finish. 
Slimes and arease are not the onlv factors to consider when CAST IRONIDUCTILE IRON PlPE TESTS 
selecting an-n value for plastic pi&. Other factors such as 
debris, bends, manholes, connections, grit, warpage due to 
sunlight orstorage, andscouring of wallsdue tocleaning, must 
be taken into account. 

The joint ASCE Manual Number 60 and WPCF Manual 
Number FD-5, Gravity Sanitary Sewer Design and Construc- 
tron, makes the following statement about pipe materials and 
Manninn's n. 

"Generally, Manning's n for a given sewer, after some time in 
service, will approach a constant which is not a function of the 
pipe material but represents the grit accumulation and slime 
build-upon the pipe walls.This n will beon the order of 0.013. 
A coefficient which will yield higher friction losses should be 
selected for rewerswheredisturbing influencesare knownor 
anticipated. Because of the empirical nature of each formula, 
conservative design is  prudent." 

I CLAY PlPE 

From the Clay Pipe Engineering Manual published by 
the National Clay Pipe Institute, the following discussion 
of n values is quoted: 

"n is  an empirically derived coefficient which is  used as a 
measure of the interior surface characteristics o f  a pipe 
designed for the transmission of liquids. This coefficient 
comes into use in determining the frictional losses in the 
conduit when transporting a liquid flow. 

The value of n i s  affected by size, depth of  flow, velocity 
or slope and quality of construction. The actual value of n 
in an installed line may be increased appreciably by debris, 
grit depositsand branch connections Into the pipe. In con- 
trolled experiments, using clean water, values of n under 
0.009 have consistently been obtained for vitrified clay 
pipe. However, because of  the variations in n due to 
variable flow conditions, it is recommended that a con- 
servative value of n be selected. A value of 0.013 i s  com- 
monly used by experienced sanitary engineers. Recognized 
authorities point out that numerous tests have definitely 
established in the n factor as the same for all materials 
commonly used in gravity flow sanitary sewer lines." 

Tests were also conducted by Don E. Bloodgood and 
John M. Bell, Purdue University on 4-inch cast iron pipe 
at the same time as the vitrified clay and asbestos cement 
pipe tests. The tests used new pipe and clean water and 
then value for cast iron was found to be .00835 compared 
to 0.00865 for clay and 0.00853 for asbestos cement. 

The Ductile lron Pipe Research Association in its Hand- 

ASBESTOS CEMENT PlPE TESTS 

Tests were conducted on 8-inch vttrlfied clay and 

book uses the ~ a z e n - ~ i l l i a r n s  equation rather than the 
Manning's equation to calculate the flow. In the Hazen- 
Williams formula, a C value is used as the coefficient Of 
roughness for the pipe walls. The Hazen-Williams formula 
generally is used for pressure pipe calculations rather for 
gravity systems. The Ductile lron Research Association rec- 
ommended Hazen-WilliamsCvaluesconverted to Manning'sn 
values results in n values of 0.010 to 0.013. 

asbestos cement pipe by Kenneth W. Cosens in 1952 at 

In the corrosion process, tuberculation, growths or 
mounds form on the walls of the iron pipe. These growths 
are often so large and numerous that the frictional reslst- 
ance is greatly increased and in addition, produce a 
serious reduction in the effective cross sectional area o l  
the pipe. The result is a tremendous reduction in  hydrau- 
lic capacity. In order to offset the destructive effects of 
tuberculation, the cast iron and ductile iron pipe manufac- 
turers generally supply pipe with either cement mortar 
linings or polyethylene linings. These are relatively thin 
linings, and it is quite probable that the linings will lose 
their protective capabilities within a few years due to 
leaching and scrubbing action,and permit the start of tubercu- 
lation. Therefore, forcast iron orductile ironsewers, an n Value 
of 0.013 should be used regardless of the type of lining. 

AGENCY POLICIES ON n I 
Beginning in 1953, many governmental agencies made 

policy statements relating to the Manning n values for use on 
work under their jurisdictions. Policy statements are listed in 
Table IX. Since these policy statements were so similar, the 
serectlon of the proper n \aluefor oifferent plpe typesappeared 
to be settled However, tne fact that the n values for concrete 
pipe have a built in safety factor was not considered and a 
corresponding safety factor is not applied to the laboratory 
values for some other smooth wall pipe nor for corrugated 
metal pipe. 
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TABLE IX: Policy 

AGENCY 

Headquarters 
Department of 
the Army 
Office of Chief 
of Engineers 

Headquarters 
Department of 
the Army 
Office of Chief 
of Engineers 

U.S. Department 
of Transportation 
Federal Highway 
Administration 

U.S. Department 
of Transportation 
Federal Highway 
Administration 

Technical d a d  given hercln are ranridered rellsble, but no guarantee 8s made nor liability assumed. 

YEAR 

1978 

1983 

1980 

1985 

Statements 

PUBLICATION 

Technical Manual - 
TM 5-820-3 Drainage and 
Erosion-Control Structures 
for Airfields and Heliports 

Technical Manual - 
TM 5-820-4 Drainage for 
Areas Other Than Airfields 

Hydraulic Flow Resistance 
Factors for Corrugated Metal 
Conduits 

Hydraulic Design of 
Highway Culverts 

VALUES OF MANNING'S ROUGHNESS COEFFICIENTS 

Type of Pipe - n 
All smooth wall 0.012 
corrugated pipe 

2 213 by 1/2 inch 0.024 
3 by 1 inch 0.027 
6 by 2 inch 0.028-0.033 
9 by 2 112 inch 0.033 

Type of Pipe - n 
All smooth wall 0.01 2 
Corrugated metal pipe 

2 213 by 112 inch 0.024 
3 by 1 inch 0.027 
6 by 2 inch 0.028-0.033 
9 by 2 1/2 inch 0.033 

n 
,0263 to ,0235 
,0281 to ,0260 
,0260 to ,0270 
,0330 to ,0300 
.0338 to ,0318 

Corrugation 

2213" x 1 / 2  
3" x  1" 
6 x 1" 
6" x  2 struck. plate 
9 x  2 112 struct. plate 

For helically corrugated pipe - use the same values as an 
annular corrugated pipe 

Type of Pipe n 
Concrete pipe 0.010-0.013 
Spiral rib metal pipe 0.012-0.013 
Corrugated metal pipe 

2 213" x  1/2" 0.022-0.027 
6 x  1" 0.022-0.025 
5" x  1" 0.025-0.026 
3" x  1" 0.027-0.028 
6 x 2 "  0.033-0.035 
9 x  2 1 /2" 0.033-0.037 

In general, it is recommended that the annular resistance 
factors be used for corrugated metal pipes with helical 
corrugations 

Diameter 
Range (ft.) 

1 - 8  
3 - 8 
3 - 8 
3 -21  
7 - 15 
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HYDRAULICS OF CULVERTS: 96-Inch Through 144-Inch Diameter Pipe 

surface'rou~hness. A b u ~ v e r t - ~ i ~ e  with an interior sur- The following example illustrates the propf?r use of 
face which results in a minimum of frictional resistance the curves. A complete discussion of the hydraulics of 
to flow is necessary for hydraulic efficiency. culverts is presented in Design Data 8. 

The hydraulic design of culverts establishes the 
minimum pipe size which has sufficient capacity to dis- 
charge a required flow within an allowable headwater 
depth. For circular culverts, one of the principal factors 
influencing hydraulic capacity is pipe diameter. Other 
hydraulic factors such as pipe length, slope, surface 
roughness and inlet geometry also influence capacity 
depending on whether the culvert is operating under 
inlet control or outlet control. 

For any given headwater depth and pipe diame- 
ter, the Capacity Of a Culvert operating under inlet control 
is limited by the degree of contraction Of the flow at 
the entrance. Therefore, if a culvert pipe is to function 
as an efficient hydraulic Structure under inlet control 
conditions, an inlet geometry which results in minimum 

Of the at the entrance is Of utmost 
importance. In outlet control, all of the hydraulic factors 
affect culvert capacity. The primary factor limiting cul- 
vert caoacitv when ooeratina under outlet control is 

EXAMPLE 
Given: A 500-foot-long highway culvert is to be in- 

stalled on a 1.2 percent slope. The culvert will 
be required to carry a discharge of 900 cubic 
feet per second within an allowable headwater 
depth of 16 feet. 

Find: Size of concrete pipe and corrugated metal 
oioe reauired and tvoe of control. 

The geometric shape of the socket end of a con- 
crete culvert pipe provides a more efficient entrance than 
the sharp edge of a corrugated metal pipe with or without 
a headwall. In addition, the relative smoothness of con- 
crete pipe enables it to maintain equivalent discharge 
capacity at lower headwater depths than can be main- 
tained by corrugated metal pipe. 

The significance of these hydraulic advantages of 
concrete pipe is illustrated by the performance curves 
presented in Figures 1 through 14. The curves correlate 
discharge-headwater depth and are based on nomo- 
graphs included in Hydraulic Engineering Circular Num- 
ber 5, Hydraulics Branch, Bridge Division, Office of 
Enoineerina and O~erations. Bureau of Public Roads. 

v 

The headwater depths for inlet-controlled flow are 
read directly from the performance curves. For outlet- 
controlled flow it is necessary to subtract the product of 
the culvert length and slope from the headwater depth. 

. . . . 
Solution: Enter Figure 1: 96-Inch Diameter Concrete 

Pipe, and project a vertical line from Q = 900 
to the inlet control curve and outlet control 
curve representing L = 500 feet. Read head- 
water depth of 15.7 feet for inlet control and 
17.7 feet for outlet control. To obtain outlet 
control headwater depth, subtract S, x L from 
the outlet control figure: 17.7 - (0.012 x 500) = 
11.7 feet; therefore, inlet control governs. 
Repeat the same procedure for corrugated 
metal pipe until a pipe size is found which 

will handle the design discharge within the 
allowable headwater depth. From Figures 2, 4, 
6 and 8 i t  is apparent the 96,102,108 and 114- 
inch diameter corrugated metal pipes are too 
small; therefore, try the next larger size. 
From Figure 10: 120-inch Diameter Corrugated 
Metal Pipe, Headwater for inlet Control = 
13.1 feet. Headwater for Outlet Control = 
22.0 - (0.012 x 500) = 16.0 feet; therefore,out- 
let control governs. 

Answer: A 96-inch diameter concrete pipe or a 120- 
inch diameter corrugated metal pipe will carry 
the design discharge within the allowable 
headwater depth of 16 feet. The concrete pipe 
is in inlet control and the corrugated metal 
pipe is in outlet control. 

The difference in required headwater depths 
between 96-inch concrete pipe and corrugated metal 
oioe in sizes 96-inch through 120-inch is illustrated in 

42.5' ihk accompanying figure.  his example shows that a 
OMPARATIVE HEADWATER DEPTHS corrugated metal pipe four sizes larger than concrete 

pipe is necessary to meet the allowable headwater re- 
quirements. Comparing the 96-inch corrugated metal and 

30 - concrete pipe sizes indicates that the same diameter 
24 9' corruaated metal oioe must o~era te  at a headwater depth I 270xSgrcater than 'concrete 'pipe. 



N 

FIGURE 1: 96-Inch Diameter Concrete Pipe F IGURE 2: 96-Inch Diameter Corrugated Metal P ipe  

- I 



FIGURE 3: 102-Inch Diameter Concrete Pipe FIGURE 4: 102-Inch Diameter Corrugated Metal Pipe 

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND I CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 

lnterpolote for intormodioto culvert lengths 
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FIGURE 5: 108-Inch Diameter Concrete Pipe FIGURE 6: 108-Inch Diameter Corrugated Metal Pipe 

... ..-. ... 

CULVERT DISCHARGE I) IN CUBIC FEET PER SECOND 

lntsrpo!ote $or intr 

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 

re culvert lengths 
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CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 

FIGURE 7: 114-Inch Diameter Concrete Pipe 

- 

FIGURE 8: 114-Inch Diameter Corrugated Metal Pipe 

I W I Interpolate for inttrmediats culvert lengths I 



CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 

Interpolate for intss 

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 

culvert lengths 

FIGURE 10: 120-Inch Diameter Corrugated Metal Pipe 
0. 

FIGURE 9: 120-Inch Diameter Concrete Pipe 



FIGURE 11: 132-Inch Diameter Concrete Pipe FIGURE 12: 132-Inch Diameter Corrugated Metal Pipe 

I CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND CULVERT DISCHARGE O IN CUBIC FEET PER SECOND 

1 Y I Interpolate for intermediate culvert lengths I 
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FIGURE 13: 144-Inch Diometer Concrete Pipe 1 FIGURE 14: 144-Inch Diameter Corrugated Metal Pipe 
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FRICTION FACTORS FOR CORRUG, 
In 1958, a program of hydraulic model testing was 

initiated for determining roughness factors for structural 
plate corrugated metal pipe. These tests, authorized by 
the Office, Chief of Engineers, U. S. Army Engineers and 
performed under the co-sponsorship of the Office. Chief 
of Engineers and the Bureau of Public Roads, were 
conducted at the U. S. Army Engineer Waterways Experi- 
ment Station from April 1959 to September 1962. 

Test results were presented at the 44th Annual Meeting 
of the Highway Research Board in January, 1965, and 
published in Highway Research Record No. 116. The 
paper is entitled: "Friction Factors for Hydraulic Design 
of Corrugated Metal Pipe", by John L. Grace. Jr., U. S. 
Army Engineer Waterways Experiment Station. 

One of the important results of this research program 
is the accurate evaluation of Manning's n for the three 
commercially available corrugation patterns. Figures 1 
through 3, reproduced from the research paper, show 
that Manning's n is higher than previously assumed and 
varies with the diameter of the pipe. Table 1 presents 
the range of n values from each figure. 

For many years the value of Manning's n for corrugated 
metal pipe was assumed to be 0.024. Little or no varia- 
tion was made for the several corrugation patterns avail- 
able. Based on research and experimental data, different 

TABLE I: 

Corrugation Pipe Size 
Figure n Volue Ronge 

Pattern Ranqe 

TED METAL PIPE 
values of n are now being used for the various corruga- 
tion patterns. As currently available data is studied, the 
use of different values of n for the various corrugation 
patterns should become standard practice. 

If flow conditions are such that hydraulic capacity is 
determined from Manning's formula, then Table I/ shows 
the decrease in hydraulic capacity of several pipe sizes 
based on an n value of 0.024 and an n value according 
to the accompanying figures. The percent decrease in 
design capacity, when based on the n values from the 
figures, is shown in the last column. 

FIGURE 1: Manning's n Versus P ipe  Diameter 
Standard Corrugated P ipe 

1 TABLE I , :  1 
Pipe Size Corrugation 

Pattern 
Percent Decrease in 

Design Capacity 
Figure 

No. 
Value of n 
From Figure 
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I HYDRAULIC CAPACITY OF SEWERS I 
The most widely accepted formula for evaluating the 

hydraulic capacity of non-pressure sewers is the Manning 
Formula. This formula is: 

Where 

Q = discharge in cubic feet per second 

n = Manning's roughness coefficient 

I A = cross-sectional area of flow in  square feet 

I R = hydraulic radius in  feet (equals the area of 
the flow divided by the wetted perimeter) 

1 By evaluating the values of 1.486/n x A x R213 for the 
' various types and shapes of pipes available, a pipe size 

can be selected for any QlSl12 value. Under any given 
flow condition, the area A and hydraulic radius R are 
constant for a particular size and shape of pipe. There- 
fore, the hydraulic capacity of a pipe is primarily depend- 
ent on n, the roughness coefficient. Table I lists recom- 

mended values for roughness coefficients of all smooth 
walled pipe and corrugated metal pipe. These values are 
substantiated by extensive research and have been 
adopted for use by most governmental agencies. 

S = slope of pipe line in feet of vertical drop 
per foot of horizontal distance 

Since the designer is usually concerned with selecting 
a sewer size for a given design flow and pipe slope, the 
Manning Formula is more conveniently expressed as: 

Results of numerous test programs conducted 
under laboratory conditions have shown the roughness 
coefficient of concrete and other smooth-walled pipe to 
range between 0.009 and 0.011. The higher values of 0.012 
and 0.013, shown in  Table I, have been generally used to 
account for the possible build up of slime or grease in 
sanitary sewers and foreign debris in  storm sewers. This 
increase in  roughness coefficient has in  the past been 
arbitrarily applied to concrete and other smooth-walled 
pipe, but not to corrugated metal pipe. The Manning n 
values shown for corrugated metal pipe measure the effect 
of the corrugations only and do not account for any slime 
or debris. I f  i t  can be reasonably anticipated that the 
accumulation of debris or slime will be prevented by either 
self cleansing velocities or characteristics of the effluent 
inhibiting the growth of slimes, then a value of 0.011 should 
be used for concrete and other smooth-wailed pipe. 

Values of 1.486ln x A x R213 are listed in Tables 111 
through Vl for concrete and corrugated metal pipe of vari- 
ous commercial shapes. Based on Manning's Formula, 
these values are equal to QISL12 for full flow. For any 
Q/S1/2 value, the size of pipe required can be read 
directly from the appropriate table. A comparison of the 
values listed in the tables for equivalent pipe sizes 
illustrates the hvdraulic advantage of concrete p i ~ e .  A 

-- 

Concrete and Other 
Smooth-Wal led 
Storm Sewer Pipe 

Concrete and Other 
Smooth-Wal led 
Sanitary Sewer Pipe 

Corrugated Metal Pipe 
Small Corrugations 
2-2/3" x 11'2" 
Medium Corrugations 
3" x 1" 

TABLE 1: ~ ~ ~ ~ ~ ~ ~ ~ d ~ d  values of M ~ ~ ~ ~ ~ ~ * ~  n 

Type of Pipe / Values of Manning's n 

. .. . 
Large Corrugations 
6" x 2" 

circular concrete pipe up to four-sizes smaller t h i n  cor- 
rugated metal pipe is warranted. Also note the hydraulic 
efficiency of the elliptical concrete pipe and concrete 
arch pipe over the corrugated metal pipe arches. 

I t  is important to point out that a hydraulic comparison 
between various shapes of sewer pipe cannot be made 
solely on the basis of cross-sectional areas or peripheries. 
For two sewer pipes of similar materials and different 
shapes to be hydraulically equivalent, it is necessary for 
the factor A xR2I3 to be the same for both pipe sections. 
Multiplying this factor by 1.486/n accounts for the surface 
roughness of the pipe material and determines the 
hydraulic capacity. To compare the hydraulic capacity 
of sewer pipes of different shapes and materials, i t is 
therefore necessary to evaluate the product of 1.486ln x 
A x R2I3 as shown in  the following example. 
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EXAMPLE 

Given: Maximum Predicted Flow Q,, - 140 c.f.s. 

Slope of Sewer S = 1.0 percent 

Manning's Roughness Coefficient 
Concrete Pipe n = 0.011 

Corrugated Metal Pipe 
22hn x %" corr. n = 0.024 
3" x 1" corr. n = 0.027 
6" x 2" corr. n = 0.033 

Find: Sire of Pipe Required. 

Solution: Design Flow= Maximum Predicted Flow 

Q,I = QD 
= 140 c.f.s. 

Slope S = 0.010 feet per foot 

S'I2 = 0.100 
Q 140 
- = I 4 0 0  
S'/z = 0.100 

Read size of pipe required from appropriate 
table corresponding to values of 1.486ln X A X 
R213 equal to or larger than 1400. 

Answer: The following types and sizes of pipe will carry 
the design 

Type of Pipe 
- 

Circular Concrete Pipe 

Circular 
C.M.P. 2-2/3" x l/2' 

Circular C.M.P. 3" x 1" 

Circular C.M.P. 6" x 2" 

Horizontol Eliptical 
Concrete Pipe 

Concrete Arch Pipe 

C.M.P. Arch 3" x 1" 

C.M.P. Arch 6'' '" 

flow: 

Pipe Size 
(Inches) 

48 

60 

66 

72 

38 x 60 

36 x 58% 

55 x 73 

59 x81 

TABLE II: Values of  SX i n  Manning's Formula 

Value of 
2/3 1.486/nxAxR 

1698 

1410 

1616 

1668 

1707 

1435 

1405 

1450 

1 :;::! 1 .2646 1 .2665 1 :;;:; 1 :;;;: 1 :%: 1 :g; 
.2828 .2846 ,2864 ,288 1 .2898 ,2915 .2933 
.3000 ,3017 ,3033 .3050 .3066 .3082 .3098 

.10 ,3162 .3178 ,3194 .3209 .3225 .3240 ,3256 

Table 

1 1 1  

1 1 1  

111 

111 

I V 

V 

V I  

VI 

2 

.2793 

.2966 

.3130 
,3286 

,2775 
.2950 
,3114 
.3271 

S No. 

001 
.002 
,003 

.004 

.005 

.006 
,007 
.008 
,009 
.010 

.01 

.02 

.03 

.04 

.05 

,2627 
.2811 
.2983 
,3146 
.3302 

4 

03742 
,04899 
,05831 
.06633 
.07348 

.08000 

.08602 

.09165 
,09695 
.I0198 

,1183 
.I549 
.I844 
.2098 
.2324 

.--- 6 

04000 
,05099 
.06000 
,06782 
.07483 

,08124 
.08718 
,09274 
.09798 
.I0296 

. 

.I265 
"1612 
.I897 
.2 145 
,2366 
- 

.--- 8 

04243 
.05292 
,06164 
,06928 
.07616 

,08246 
,08832 
.09381 
,09899 
.lo392 

,1342 
,1673 
,1949 
,2191 
.2408 

.2608 

.--- 5 

.03873 

.05000 
,05916 
.06708 
.07416 

.08062 

.08660 
,09220 
,09747 
,10247 

,1225 
,1581 
,1871 
,2121 
.2345 

7 

04123 
.05196 
,06083 
,06856 
,07550 

----- 

.08185 

.08775 
,09327 
,09849 
,10344 

.I304 
,1643 
,1924 
,2168 
.2387 

,2588 

.---0 

03162 
.04472 
,05477 
,06325 
.07071 

,07746 
.08367 
,08944 
.09487 
.10000 

.I000 

.I414 

.I732 

.2000 

.22 36 

,2449 

.---9 

,04359 
,05385 
.06245 
.07000 
.07681 

.08307 

.08888 
,09434 
,09950 
,10440 

.I378 

.I703 

.I975 
,2214 
,2429 

1 

0131)=4 
.04583 
,05568 
.06403 
.07141 

.07810 

.08426 

.09000 

.09539 

.lo050 

.I049 

.I449 
,1761 
,2025 
.2258 

,2470 

2 

,04690 
,05657 
,06481 
,07211 

,07874 
,08485 
,09055 
,09592 
.I0100 

,1095 
,1483 
.I789 
.2049 
.2 280 

.--- 3 

03606 
,04796 
,05745 
.06557 
,07280 

,07937 
,08544 
.09110 
.09644 
.lo149 

,1140 
,1517 
,1817 
.2074 
.2302 
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1 TABLE I l l :  Circular Concrete and Corruaated Metal Pipe 

Pipe 
Dia. 

(Inch) 

A 
Area 

(Square 
Feet) 

R 
Hydraulic 

Radius 
(Feet) 

" 

Values of 1.486/n x A x R * ' ~  

Concrete Pipe Corrugated Metal Pipe 
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I 
I 

TABLE IV: 

Pipe Size 
Rise x Span 

(Inch) 

14 x 23 
19 x 30 
22 x 34 
24 x 38 
27 x 42 

29 x 45 
32 x 49 
34 x 53 
38 x 60 
43 x 68 

48 x 76 
53 x 83 
58 x 91 
63 x 98 
68 x 106 

7 2 x  113 
77 x 121 
82 x 128 
87 x 136 
92 x 143 

97 x 151 
106 x 166 
116x 180 

Horizontal E l l ip t i ca l  

Approximate 
Equivalent 

Round 

(Inch) 
18 
24 
27 
30 
33  

36 
39 
42 
48 
54 

60 
66 
72 
78 
84 

90 
96 

102 
108 
114 

120 
132 
144 

TABLE V: Concrete Arch Pipe 

Concrete 

A 
Area 

(Square Feet) 

1 .8 
3.3 
4.1 
5.1 
6.3 

7.4 
8.8 

10.2 
12.9 
16.6 

20.5 
24.8 
29.5 
34.6 
40.1 

46.1 
52.4 
59.2 
66.4 
74.0 

82.0 
99.2 

118.6 

Pipe Size 
Rise x Span 

(Inch) 

11 x 1 8  
13 1/2 x 22 
15 1/2 x 26 

18 x 28 1/2 
22 1/2 x 35 3/4 

26 5/8 x 43 3/4 
31 5/8 x 51 1/8 

36 x 58 1/2 
40 x 65 
45 x 73 

54 x 88 
62 x 102 
7 2 x  115 

7 7 1 A x 1 2 2  
87 1/8 x 138 

Pipe 

R 
Hydraulic 

Radius 
(Feet) 

0.367 
0.490 
0.546 
0.613 
0.686 

0.736 
0.812 
0.875 
0.969 
1.106 

1.229 
1.352 
1.475 
1.598 
1.721 

1.845 
1.967 
2.091 
2.215 
2.340 

2.461 
2.707 
2.968 

4 

Approximate 
Equivalent 

Round 
Diameter 

(Inch) 

15 
18 
21 
24 
30 

36 
42 
48 
54 
60 

72 
84 
90 
96 

108 

Values of 1.486/n x A x R " ~  

A 
Area 

(Squore Feet) 

1.1 
1.6 
2.2 
2.8 
4.4 

6.4 
8.8 

11.4 
14.3 
17.7 

25.6 
34.6 
44.5 
51.7 
66.0 

n =0.011 

125 
274 
368 
497 
662 

810 
1036 
1260 
1707 
2395 

3174 
4094 
5164 
6388 
7790 

9365 
11112 
13071 
15242 
1762 1 

20 175 
26025 
33095 

R 
Hydraulic 

Radius 
(Feet) 

0.25 
0.30 
0.36 
0.45 
0.56 

0.68 
0.80 
0.90 
1.01 
1.13 

1.35 
1.57 
1.77 
1.92 
2.17 

n = 0.012 

116 
252 
339 
456 
607 

746 
948 

1156 
1565 
2196 

2910 
3753 
4734 
5856 
7140 

8584 
10187 
11983 
13972 
16153 

18494 
23856 
30338 

n = 0.013 

108 
232 
313 
42 1 
560 

686 
875 

1067 
1445 
2027 

2686 
3464 
4370 
5406 
6590 

7925 
9403 

11061 
12897 
14910 

17072 
2202 1 
28004 

Values of 1.486/n x A x R *I3 

n =0.011 

59 
100 
150 
22 1 
40 1 

669 
1023 
1435 
1945 
2592 

4219 
6310 
8789 

10770 
14935 

n = 0.012 

54 
91 

137 
203 
368 

613 
938 

1315 
1783 
2376 

3867 
5784 
8056 
9872 

13689 

n = 0.013 

50 
84 

127 
187 
339 

566 
866 

1214 
1646 
2193 

3569 
5339 
7436 
91 12 

12635 



TABLE VI: Corrugated Meta l  P i p e  Arch 

R 
Hydraulic 

Radius 
(Feet) 

Pipe Size 
Rise x Span 

(Inch) 

Values of 1.486/n x A x R 2'3 A 
Area 

(Square Feet) 
6" x 2" 

n = 0.033 
2-2/3" x 1/2" 

n = 0.024 
3" x 1" 

n = 0.027 
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I HYDRAULIC PERFORMANCE CURVES I 
Culverts Operating Under lnlet Control 

In selecting a culvert size, the designer is basic- 
ally concerned with providing adequate pipe capacity to 
carry a design discharge without exceeding an allowable 
headwater depth at the culvert inlet. If this is to be 
accomplished with an efficient structure consistent with 
economy, adequacy and necessary installation require- 
ments, the design must be based on sound hydraulic 
orinci~les. 

The many hydraulic design procedures available 
for determining the required size of a culvert vary from 
empirical formulas to a comprehensive mathematical 
analysis. Most empirical formulas, while easy to use, do 
not lend themselves to proper evaluation of all the factors 
that affect the flow of water through a culvert. The mathe- 
matical solution, while giving precise results, is time 
consuming. A systematic and simple design procedure 
for the proper selection of culvert size is provided by 
Hydraulic Engineering Circular No. 5, prepared by the 
Hvdraulics Branch. Bridae Division. Office of Enoineerina 

lnlet control performance curves have been de- 
veloped from the inlet control nomographs included in 
Circular No. 5 and are presented here as a design aid 
for culverts flowing with inlet control. For a given design 
discharge Q and allowable headwater HW, the mini- 
mum size culvert operating under inlet control can be 
read directly from the curves. It is only necessary to 
check the headwater for outlet control in accordance 
with the procedure outlined in Circular No. 5 and use the 
higher value to determine the type of control and proper 
culvert size required. Much of the time-consuming trial 
and error work involved in using the inlet control nomo- 
graphs is eliminated and a culvert size is established 
for a comparison with the outlet control condition. It 
should be noted that the figures are for a projecting inlet 
condition. For other entrance types, the headwater depth 
from the inlet control curves should be multiplied by the 
factors shown in Table I and the resulting headwater 
depth used with the design discharge. 

and Operations of'the Bireau of ~ " b l i c  Roads. 
- 

Because the flow characteristics of a culvert, and 
thus the hydraulic capacity, are often controlled by inlet 
or outlet conditions, Circular No. 5 presents inlet control 
and outlet control nomographs for the selection of the 
more common types of culverts. The nomographs take 
into consideration the physical characteristics of the pipe, 
such as slope, length, surface roughness, size and shape 
of the culvert and inlet geometry. Although the nomo- 
graphs provide for the ready selection of culvert size 
and type, the design procedures presented in Circular 
No. 5 still require a trial and error solution. 

An examination of the charts shows the discharge 
advantage of concrete pipe entrances operating with 
inlet control. Figures 2 through 5 indicate that a concrete 
pipe one size smaller than corrugated metal pipe is war- 
ranted in the size range of 21-inch to 78-inch diameter 
concrete pipe. For concrete pipe sizes from 84-inch to 
126-inch diameter, Figures 6 through 8 indicate that a 
concrete pipe two sizes smaller than corrugated metal 
pipe is warranted. These size differentials may increase 
if outlet control governs, since this condition must take 
into account the roughness of the pipe. The following 
examples illustrate the use of the inlet control perform- 
ance curves: 

Headwater 
Depth 

TABLE I: Conversion Factors To  Be Applied To Headwoter Depth 

For Entrance Types Other Than Proiecting 

Concrete Pipe 

Full Headwall 

Corrugated Metal Pipe 

Circular 

Mitered 

V.E. 

Full Headwoll 

Circular H.E. Circular Arch Arch 



EXAMPLE 1 

Given: Design 
Discharge Q = 260 cubic feet per second 

Allowable 
Headwater at 
lnlet AHW = 8.00 feet 

Length of 
Culvert L = 100 feet 

Slope of 
Culvert S, = 0.010 feet per foot = 1.00% 

Tailwater 
Elevation TW = 4 feet 

lnlet Condition - Projecting 

Find: Size of pipe required 

Solution: Find the intersection of Q = 260 cubic feet per 
second and HW = 8 feet on Figure 5. The first 
sizes of concrete and corrugated metal pipe 
to the right of this intersection are the mini- 
mum sizes that require an inlet control head- 
water eaual to or less than the allowable 

From Circular No. 5, a check of the above 
sizes of pipe found satisfactory for inlet con- 
trol condition results in the following required 
headwaters for the outlet control condition: 

66-inch concrete pipe HW = 6.70 feet 
78-inch metal pipe HW = 7.00 feet 

(standard corrugations) 
78-inch metal pipe HW = 7.90 feet 

(structural plate) 
Answer: The following sizes of pipe will carry the de- 

sign discharge within the allowable headwater 
depth of 8 feet: 

Required 
Size and Type Headwater Control 
66-inch concrete pipe HW = 7.70 feet lnlet 
78-inch metal pipe HW = 7.35 feet lnlet 

(std. corrugations) 
78-inch metal pipe HW = 7.90 feet Outlet 

(structural plate) 

8 feet. In Example 1, the outlet control check did not 
The read from the and the re- change the required sizes found to be satisfactory for 
quired inlet control headwater depths are: inlet cnntrnl nlthol~ah it did show that the control section , .., .. .... ~~ ~ . ~ - ~ ~  ~~ - ~ 

66-inch concrete oioe HW= 7.70feet for the 78-inch metal pipe (structural plate) was at the I 
78-inch metal pipe ' HW = 7.35 feet 1 outlet. I 

EXAMPLE 2 

Find: Size of pipe required I 

Given: Same conditions as Example 1, except: 
Length of 

Culvert = 300 feet 
Slope of Culvert = 0.003 feet per foot -- 0.30% 

Solution: The sizes required for inlet control are the 
same as those required in Example 1 ,  since 
length and slope of a culvert do not affect the 
inlet control condition. However, a check of 
the outlet control condition. usina Circular No. 

Answer: 

Pipe 
Size 

The following sizes of pipe will carry the de- 
sign discharge within the allowable headwater 
depth of 8 feet: 

Required 
Size and Type Headwater Control 
66-inch concrete pipe HW = 7.80 feet Outlet 
84-inch metal o i ~ e  HW = 7.75 feet Outlet 

(std. corrugations) 
96-inch metal ~ i o e  HW = 7.40 feet Outlet 

(structural piaje) 

ditions results in some changes of the pipe should serve as a design aid by eliminating trial and error 
sizes required for inlet control. / selection of sizes to be investigated. 

5 design procedures, resuits in-the following 
table of required headwaters. 

As shown, a check of the outlet control con- 

In Example 2, selection of the required sizes of 
pipe could not be made from the use of the inlet control 
curves alone. However, the use of the inlet control curves 

Concrete 

Metol 
(std. corrugations) 

I - 

Metal 
(std. corrugations) 

Metal 
(structural plate) 

Metol 
(structural plate) 

Comment Pipe Type 

Metol 
(structural plate) 

.- 

7.70 ft. 

7.35 ft. 

7.00 ft. 

7.00 ft. 

6.65 ft. 

6.30 ft. 

7.80 ft. 

8.80 ft. 

7.75 ft. 

9.10 ft. 

8.10 ft. 

7.40 ft. 

Controlling 
Headwater 

Required 
HW Inlet 
Control 

Outlet 

. I 7.80 ft. 

Outlet 8.80 ft. 

Required 
HW Outlet 
Control 

O.K. 

N.G. 
(too high) 

Controlling 
Condition 

Outlet 

Outlet 

Outlet 

Outlet 

N.G. 
(too high) 

N.G. 
(too h19h) 

7.75 ft. 

9.10 ft. 

8.10 ft. 

7.40 ft. O.K. I 



I:  lnlet Control Performance Curves - Circular Concrefe Pipe and Corrugated Metal Pipe 

CULVERT DI$CHltRCE P INCUBlC FELT PER SECOND 

2: lnlet Control Performance Curves - Circular Concrete Pipe and Corrugated Metal Pipe 

CULVERT DISCHARGE Q iN CUBIC FELT PER SECOND 



I FIGURE 3: Inlet Control Performance Curves - Circular Concrete P ipe  and Corrugated Metal P ipe  I 

CULVERT DISCHARGE Q iN  CUslC FEET PTR SECOND 

FIGURE 4: Inlet Control Performance Curves - Circular Concrete P ipe  and Corrugated Metal Pipe a 



FIGURE 5: Inlet Control Performance Curves - Circular Concrete Pipe and Corrugated Metal P ipe  

I CULVERT OISCWPGE 0 IN CUBlC FEET PER SECWD 

F IGURE 6: lnlet Control Performance Curves - Circular Concrete Pipe and Corrugated Metal Pipe 

I CULVERT DISCHARGE 9 IN CUBIC FEET PER SECOND 



FIGURE 7: lnlet Control Performance Curves - Circular Concrete Pipe and Corrugated Metal Pipe 

F IGURE 8: lnlet Control Performance Curves - Circular Concrete Pipe and Corrugated Metal Pipe 

CULVERT OISCHARGE P IN CUBiC FEET PER SECONO 
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FIGURE 9: lnlet Control Performonce Curves - Horizontal Ell iptical Concrete Pipe 
and Corrugated Metal Pipe Arch 

CULYLRT DISCHAROE 9 INCUBiC FEET PER SECOND 

FIGURE 10: lnlet Control Performonce Curves - Horizontal Ell iptical Concrete Pipe 
ond Corrugated Metol Pipe Arch 



FIGURE 11: lnlet Control Performance Curves - Horizontal Elliptical Concrete Pipe 

and Corrugated Metal Pipe Arch 

I CULVERT DISCHARGE P IN CUBIC FEET PER SECOND I I 

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 

FIGURE 12: lnlet Control Performance Curves - Horizontal Elliptical Concrete Pipe 
and Corrugated Metal Pipe Arch - 

e 



FIGURE 13: Inlet Control Performance Curves - Horizontal Elliptical Concrete Pipe 
and Corrugated Metal Pipe Arch 

240 120 a dB0 540 640 720 
CULVERT DlSCHARGE 0 IN CUBlC FEET PER SECOND 

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND 

FIGURE 14: lnlet Control Performance Curves - Horizontal Ellip+ical Concrete Pipe 
and Corruooted Metal Pioe Arch 



I FIGURE 15: lnlet Control Performance Curves - Vertical El l ipt ical  Concrete Pipe 

CULVERT DISCHARGE P IN CUBlC FEET PER IECONO 

FIGURE 16: lnlet Control Performance Curves - Verticol El l ipt ical  Concrete Pipe 



I FIGURE 17: lnlet Control Performance Curves - Vertical El l ipt ical  Concrete Pipe 

I CULVERT DISCHARGE a IN C W i C  FEET PER SECOND 

I F I G U R E  18: Inlet Control Performance Curves - Vertical El l ipt ical  Concrete P ipe  

CULVERT DISCHARGE Q INCUBIC FEET PER SECOND 



FIGURE 19: Inlet Control Performonce Curves - Vertical Ell iptical Concrete Pipe 

CULVERT OISCHAIIOE Q iN CUBlC FEET PER SECOND 
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Equivalent Flow Capacity of Sewers 
Design of a non-pressure sewerage system requires 

selection of adequately sized pipe to carry maximum 
predicted flow, at a given slope, without flooding. If more 
than one type of pipe is considered, all pipe sizes of the 
various materials must have equivalent flow capacity. A 
comparison of pipe diameters with different surface 
roughness coefficients is an important design 
consideration. 

For any given design flow and pipe slope, the Manning 
Formula is conveniently express as: 

Where: 

Q = discharge, cubic feet per second 

S = Slope of pipe, feet of vertical drop per foot of 
horizontal distance 

n = Manning's roughness coefficient 

A = cross-sectional area of flow, square feet for 
circular pipe flowing full A = nD2 - 

4 
R = hydraulic radius, feet (equals the area of the flow 

divided by the wetted perimeter) 

For circular pipe flowing full, the hydraulic radius is 
equal to the area of the pipe cross-section divided by 
the pipe circumference: 

nD2 - 
A 4 D  A=-=-- -- 

W.P. nD 4 

Substitution of the values for A and R in the Manning 
Formula results in the following: 

where K is a discharge factor dependent on the ratio of 
the depth of flow to some other linear dimension of the 
cross-section. For circular pipe operating under full flow 
conditions, K= 0.463. 

Because design and slope are the same regardless 
of the sizes or types of pipe under consideration: 

K,, Dm, and nm represent the discharge factor, diameter 
and roughness coefficient of corrugated metal pipe and 
Kc, Dc and nc represent the discharge factor, diameter 
and roughness coefficient of concrete and othersmooth- 
walled pipe. The full flow value of K= 0.463 is the same 
for all circular pipe. For two different types of pipe flowing 
full on the same slope and designed to carry the same 
flow, the equation reduces to: 

Dmw3 Do *3 - - - -- 
m m 

The above equation illustrates that the relative pipe 
sizes are dependent on the ratio of the respective 
roughness coefficients. 

Table 1 lists recommended values for Manning's 
Roughness Coefficients of all smooth-walled pipe and 
corrugated metal pipe. 

Results of numerous test programs conducted under 
laboratory conditions establish the maximum value for 
the roughness coeffinent of concrete and other smooth- 
walled pipe at 0.010. The higher values of 0.012 and 
0.013, shown in Table I, have been generally used to 
account for the possible build up of slime or grease in 
sanitary sewers and foreign debris in storm sewers. This 
increase in roughness coefficient has in the past been 
arbitrarily applied to concrete and other smooth-walled 



pipe, not to corrugatedmetalpipe. The Manning n values 
shown for corrugated metal pipe measure the effect of 
the corrugations only and do not account for any slime 
or debris. If i t  can be reasonably anticipated that the 
accumulation of debris orslime will bepreventedby either 
self cleansing velocities or characteristics of the effluent 
inhibiting the growth of slimes, then a value of 0.011 
should be used for concrete and other smooth-walled 
pipe. 

Substituting the recommended n values in the 
equation for comparing flow capacities of concrete and 
other smooth-walled pipe with the three available 
corrugation patterns of corrugated metal pipe, results in 
the equations in Table 2. D, is the diameter of concrete 
and other smooth walled pipe and Dm the diameter of 
corrugated metal pipe. 

Figure 1-3 and Table 3 have been prepared for direct 
comparison of required corrugated metal pipe sizes to 
assure that the hydraulic capacity is at least equivalent 
to concrete or other smooth-walled ~ i u e .  

Example: 
Given: A 42-inch diameter concrete pipe with a 

Manning n value of 0.012 flowing full on a 
given slope. 

Find: Size of corrugated metal pipe required to 
carry the same flow on the same slope as 
the 42-inch diameter concrete pipe. 

Solution: From the appropriate Figure for the available 
corrugation patterns, project a horizontal line 
from the 42-inch diameter concrete pipe on 
the vettical scale to the line representing n 
= 0.012. Read corrugated metal pipe size 
on the horizontal scale. 

Answer: 
Size Size 
from from 

Type of Pipe Figures 1,2,3 Table 3 
Circular Concrete 42.0 42 
Circular CMP (2-213" x 112") 54.4 54 
Circular CMP (3" x 1") 57.0 60 
Circular CMP (6" x 2") 61.4 66 

Corrugated Metal Pipe L Manning n Values for Concrete Pipe 
~ ~- 

Corrugation Pattern n=0.011 n=0.012 n=0.013 
2-213" x 1IT (e0.024) Dm=l ,340 D, 
3" x 1" (e0.0271 Dm=? .405 D, D,=1.356 D, 

72 

66 

60 c 
0 
C - 54 C .- 
$ @ 48 

5 6 42 
0 

.P 36 P 
m w 

30 
C 

8 24 

18 

12 
12 18 24 30 36 42 48 54 60 66 72 78 84 90 91 

Corrugated Metal Pipe Diameter in Inches 
2-213" x 112" Corrugations n = 0.024 

Design Data 5 



144 

132 c 
0 
C - 120 .- 
L 

$ 108 
?i .fi 96 
m 
a .E 84 
m 
+d 

72 
c 
8 60 

48 

36 
6 

Corrugated Metal Pipe Diameter in Inches 
6" x 2" Corrugations n = 0.033 

, . , . . . ( .  1 , . .  . * . : a  .. --m 
Design Data 5 
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Concrete 
Pipe 

Diameter 

n;O.O11 
8 

10 
12 
15 
18 
21 
24 
27 
30 

Corrugated Metal Pipe 
Diameter Required 

Concrete 
Pipe 

Diameter 

k0.012 
8 

10 
12 
15 
18 
21 
24 
27 

I 30 

2-2/3"~1/2" 
12 
15 
18 
21 
24 
30 
33 
36 

1 42 

3"xl" 

36 
42 

1 42 

6 x 2  

1 

Corrugated Metal P~pe 
Diameter Required 

Concrete 
Pipe 

Diameter 

n;-0.013 
8 

10 
12 
15 
18 
21 
24 
27 
30 I 

2-2/3"~1/2" 
12 
15 
18 
21 
24 
30 
33 
36 

I 42 I 

3x1" 

42 
42 I 

Corrugated Metal Pipe 
Diameter Required 

6x2" 

I 

2-2/3~1/2" 
10 
15 
15 
21 
24 
27 
30 
36 
42 I 

3"xl"  

36 
42 

6x2" 

I 
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amerlcan concrete PIP* assoclatlon A I S 0 1  wllsan boulevard A arllnaton, vlrglnia 22209 

In August, 1969, the American 

CULVERT VELOCITY REDUCTION Concrete Pipe Association con- 

BY 
tracted with Virginia Polytechnic 
Institute and State University (VPI) 

INTERNAL ENERGY DlSSlPATORS to investigate and determine the 
feasibility and applicable design 
procedures for using roughness 

The designer is olten concerned with hulence. Mort outlet protection devrces elements as energy dissipaters of 
pourble scour or erosron at the outlet are e s r e n t r a ~ ~ ~  strlNng basins, designed free-surface flow in circular con- 
of a rlracndge culvert constructed on a the hydraultc jump is formed the basin. Crete pipe culverts. Results of the 
<reep >lope Such eraston can rause ,en  
our matnleoance. silt~ng and pollut!on This arttcle dac r~be r  dtssipatarr intend- research are published in 
p,ohlemr The veloc,ly astocialed ed to form the hvdraulic jump within Research Record Number 373 
,vrlh cm r leep ,loper cr,t,cal the culvert, thus elrmrnatrng costly outlet Roughness Elements as Energy 
~>ar.>~rlcrer rrr the e r o h o  proce5, rtructures. These dissipaton are ciruiar Dlsipators of Free-Surface Flow 

Rcduct,nn 01 the reioc,iy ai cuch flaws 'insS spaced along the PlPe at the do~v0-  in Circular Pipes. Because of the 
r ,  gencr~l ly accomplrshed by the torma- 'Iream end The ring, cause a series of criteria Of assuring ftee surface 
llorl 01 2 hyr i r~uhc lunip A hvdraulic hyrlradrc jumps to form m Me barrel or 
1us1p convcrl, ~hal iuw, high ~ r :oc r t v  i low thc ptpe, rcsuhtng in a near optrmum 

flow, full capacity of the condutt 
to r lcmrr,  kr\* \e looty flow svhrle l o r~ng  d ,u lp~ l t on  oi energy md vtrtvaily min/- was not realized and necessitated 

( con.ideroblc energy in the re,ult,ng fur- poq~,ble tot2f at the autle( an increase in pipe size within the 

GENERAL 
length of culvert in which the 
roughness elements are placed. 

reviour research conducted at channel. Since culverts operating Based on the laboratory and field 

PVirglnia Polytechnic Institute on under inlet control open observations during this initial re- 
use of roughness elements in channel flow, application of this search, subsequent tests were con- 
n channels established that ex- type of internal energy dissipation ducted for full flow conditions OC- 

s energy in storm water flow- to culverts could possibly result in curring near the outlet end at 
ng down steep drainage channels more eff~cient utilization of the rnaxlmum design discharge. By 
could be dissipated by construct- culvert barrel and reduced outlet eliminating the criteria of free sur- 
ing roughness elements within the velocities. face flow and allowin 

c 
FIGURE 1. TUMBLING FLOW IN PIPE CULVERT. 

Y Yg 

OVEO'd  lld XIN30Hd 01 66ZS 069 ZFR '1N7 I l l l f l h m  nrrnlu rr.4 J C . J n  la on UUII 



MRR 13 '01 16:17 FR CSR 

FIGURE 2. ROUGHNESS 
ELEMENT IN PIPE. 

to approach full flow, it was found 
velocity reduction could be ef- 
fected without an increase in pipe 
size. The results of this later re- 
search and design procedures for 
both the full flow condition and 
the free surface flow condition 
are presented in the following 
paragraphs. 

FREE SURFACE FLOW TESTS 

The performance characteristics 
of dissipator rings were investu- 
gated in~tially in laboratory mod- 
els and later with a full scale 18- 
inch reinforced concrete pipe pro- 
totype. Different numbers of rungs 

various cross-sectional dimen- 
and spacings were tested in 
Inch diameter clear plastic 
pipe which could be ad- 
l o  any slope from zero to 

HYDROCONDUIT PHX 602 484 0705 

30 percent. An early conclusion 
was that only five rings were 
necessary to achieve consistent 
results. The full scale prototype 
was tested at flatter slopes than 
the laboratory model because test 
facilities with unlimited quantities 
of water were not available within 
a reasonable distance of ~ 1 .  

Since the objectives of the re- 
search were to dissipate energy 
and reduce hugh velocitues asso- 
ciated with culverts on what are 
considered steep slopes, the cul- 
verts were operating under inlet 
control. Accordingly, the flow 
characteristics were observed to 
be one of critical flow at the en- 
trance of the pipe with the flow 
accelerating down the length of 
the pipe until the first ring, or 
roughness element, was reached. 
At that point, a hydraulic jump 
was formed, with extreme turbu- 
lence. The flow then encountered 
another roughness element while 
st111 in an ag~tated condit~on from 
the f~rst and this pattern of action 
was repeated until a cyclic con- 
dition was reached, where the 
flow conditions over the rough- 
ness elements were uniform. Gen- 
erally, this cyclic action was at- 
tained atter the second or third 
element. The agitated flow, char- 
acterized by a greater depth over 

. TUMBLING FLOW IN &INCH PLAST!C PIPE, 

lld XIMOHd 01 66rC C1fiC 7rFI 1Nsl IInflN 

the element than before it, a fall 
into a valley between the ele- 
ments, and a form resembling a 
hydraulic jump shortly before the 
next element, is called tumbling 
flow. Thus one cycle i s  completed 

e 
and the flow tumbles into the next 
cycle until the outlet is reached. 
This tumbling flow can only be 
established and maintained under 
less than full flow conditions. Fig- 
ure 3 shows how tumbling flow 
with a free flow surface at less 
than maximum design discharge 
appeared in the 6-inch clear plas- 
tic pipe. 

FULL FLOW TESTS 

During the previous VPI 
search on  open channel flow, i 
was observed that i f  one large dis- 
sipator element was placed up- 
stream i t  created a large hydraulic 
jump which was maintained by 
the smaller downstream elements. 
In applying this observation to 
pipe flow at maximum design dis- 
charges, i t  was theorized that the 
hydraulic jump at the large up- 
stream ring would cause the pipe 
to flow full with the smaller down- 
stream rings maintaining the full 
flow condition. 

Several tests of varlous ring con- 
figurations quickly indicated the 
soundness of this approach. Sub- 
sequently extended tests for the 
full flow condition were made in 
the laboratory model with a i n g  
configuration consisting of three 
small rings at the exit preceded 
by one large ring at double spac- 
ing as illustrated in Figure 4. The 
three small rings were spaced at 
spacing-diameter ratio (LID) of 
1.5 with a ring height-diameter 
ratio (KID) of 0.0625. The large 
ring, at double spacing, had a 
height ratlo KID of 0.146. 

Model tests were run for this 
configuration at three slopes of 
4.3, 9.3 and 15.2 percent. In order 
to compare these model tests with 
the full scale prototype tests un- 
der free surface flow, the range 
of test flows was equivalent to 10 
to 15 cubic feet per second in an 

C 
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FIGURE 4. FULL FLOW IN PIPE 

dicated by tumbling flow criteria), 
the pipe flowed full at the outlet 
with the initial hydraulic jump 
varying in posit~on above the 
leading ring depending upon the 
slope and flow rate. In some cases 
there were slugs of air moving 
unsteadily down the pipe, enter- 
ing at a vortex in the headwater 
and movlng through regions of 
full flow in entrained bubbles. In 
such cases, the quantity and 
movement of air through the pipe 
would indicate pressures only 
slightly above atmospheric and in- 
let control still governed. Table I 
details the test data and results 
and Table I1 lists the computa- 
tions relating the test results to the 
expected performance of an 18- 
inch diameter prototype pipe. The 

% O ~ W  V-WA %I! '~o*np. "w~hp. PWW.~ V- 
prototype discharge Q. was de- Numb* bhl IW ~C(J %I "MI R- 

termined by uslng a Froude rela- 
tionship for similitude, QT = LrVP. 

1 14.7 O B  48 a32 088 %a 
2 11s 8.- 48 am (186 812 In a l l  cases except where tumbling 

flow is  noted, the model pipe was 
flowing full at the downstream 
end. Therefore, prototype velocity 
QO was determined by d~viding 
prototype discharge by prototype 
area, where the prototype area is 

(- the area of the pipe at the outlet 
minus the decrement in area re- 
suiting from the last ring. 
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FULL FLOW DESIGN 
PROCEDURE 

2. For culverts operating under The single upstream ring would Based On the preceding 
inlet control, determine outlet then be bcated at mice this flow test results, the following de- 

sign procedure is suggested: velocity by means of Man- spacing and sized to be ap- 
1: Select required pipe size based ning's Formula. proximately double the down- 

on the hydraulic design pro- 3. I f  velocity reduction is desired, stream rings. 
cedures presented in Hydraulic Select a element size 4. Determine the hydraulic cross- 
Engineeringcircular Nos. 5 or for the three downstream rings sectional area at the last down- 

with a height-diameter ratio stream ring, 
between 0.06 and 0.09, 

0.06 KID 4 0.09 

Figure 44, p. 222 Concrete Pipe 
Design Manual 

lnlet control: 
HW = 4.4 feet 0.k. 
Outlet control: 
HW -b SOL = 5.1 feet 
HW = 5.1 - 0.04 X 125 
HW = 0.7 feet 0.k. 

Therefore, lnlet Control gov- 

2. Determine outlet velocity 
Figure 4, p. 781 Concrete Pipe 
Design Manual 

V,I = 0.94 X 20.5 = 19.3 fps 

3. Velocity reduction desired. 
Downstream ring height 
0.06 6 KID L0.09 

. . .  . Use K = 0.25 feet o r3  inches 
Downstream ring spacing 
U D  = 1.5 
Use L = 4.5 feet 

Upstream ring height 
Use K = 6 inches 

Upstream ring spacing 
CYLVERTO~CWIRGE o IN CUQIC  FEE^ PER ICCOCOHI Use L = 9 feet 

Ore30 .d lld XIN30Hd 01 66'2'2 06% ZSa 9N3 LIMN03 IYMw 8-1 m:na ra. 9 ~ )  %.I 
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BASED ON MANNIN~S EQUATION n-0d12 4. Determine ~ ~ d r a u l i c  cross- 
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+ 
FREE SURFACE FLOW 
DESIGN PROCEDURE 

Based upon the free surface flow 3. I f  velocity reduct~on is  desired, 4. Select a roughness element size test results, the following design select a pipe diameter within h r  the dinipator rings with a C procedure is  suggested: the following range: height-diameter ratio between 
0.70 and 0.15, 

0.10 & KID L 0.15 
and a spacing-diameter ratio 
between 1.5 and 2.5. 

1.5 h LID h 2.5 
ministration or the 
pe Design Manual 

4.0 &D L4.8 

Try a 48-inch diameter pipe. 

4. Select roughness element size 

Try K = 5 inches. 

0T/80'd 
41 t? 

lld XIN30Hd 01 66ES 06s tE8 lIflaN03 O m A i  83 50:80 T0. 4R W 
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L Spacing- 1.5 h- 2.5 - D 
72 L L L 1 2 0  

Spacing of five elements be- 
tween 6 and ID feet allows 
placing one element in each of 
five last culvert sections. 

5. Determine hydraulic cross-sec- 
tional area of last ring Discussion 
inside pipe diameter = 
48-inches Tho joining of the two sizes of 

inside ring diameter = pipe could be auomplished by 

38-inches (3.2 feet) 
telescoping or slipping the 36-inch 
pipe into the 48-inch pipe for at 

From Figure 25, page 202, Con- least the length of a normal joint 
Crete Pipe Design Manual, for and using normal sealing materials 
D = 3.2 feet, dn =; 2.45 feet in the annular space. 

dc 2.45 - 0.765 -=-- Although the velocity reduction 
D 3.2 i s  somewhat greater for free sur- 

From Table A-10, page 363, face flow than for full flow condi- 
Concrete Design Manual, tions, the method used should be 
Area selected only after a complete re- - = 0.6446 D' 
Area = 0.6446 (3.2)' 
Area = 6.62 sq. ft. of the project. Early co 

6. Determine outlet velocity. 
V = QIA 
V = 60/6.62 

.; V = 9.1 fps 
Therefore, use five ele-, 

ments; 5 inches high spaced 6 
to 10 feet or the length of the 
pipe section i f  yithin this range, 
in the last five sections of pipe 
which are increased to 48 
inches in diameter. 

c 

a 
07/60 'd lid XIN30Hd 01 66S 06s ZE8 DN3 I I f l a~03  OMAH N-I  z ** TOTAL PAGE. EPI ** 
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arnerican concrete pipe association ~ 2 3 2 0  old courthouse road A vienna, viriinia 221'80 

In August, 1969, the American 

CULVERT VELOCITY REDUCTION Concrete Pipe Association con- 
tracted with Virginia Polytechnic 

BY Institute and State Universitv (VPI) 

INTERNAL ENERGY DISSIPATORS 
to investigate and determine the 
feasibilitv and auulicable derinn 
pro'cedures for ;sing roughness 

The deslgner Is often concerned wlrh bulence. Most outlet protection devices elements as energy dissipates of 
possible $tout or erorloo at the outlet are essentially st/(liny basins, d~sitigned so free-surface flow in ci~cular con- 
Of a drainage culvert con?llructed on e. the hydraulic lump is formed in Ute barin. crete pipe culveftS. Results of the 
steep siope. Such erosion can cause seri- lhlr disriptrors research are published in Highway 
Ous n)alnrenance, ~f l t lng and pollution ed to for,,, the hydraulic withln Research Record Number 373 problems. The hlgh veioclry associated 
with on steep is the eriacal . the culvert, thus e1iminatin.q costly outlet Roughnew Elements as Enow 
parameter in the erosion process. structures. 7'here dissiparors are cirular Dissipaters of F=e-Suihce flow 

~ ~ d ~ ~ t i ~ ~  of the velocity 01 luch flows tines maced along the pipe at the down- in Circular Pipes. Because of the 
is g ~ " ~ ~ ~ i i y  accomplished by the torma- Stream end. Tho rings cause a. series of criteria of assuring: free surface 
tion of a hydraulic lump. A hydraulic hydnuiic lumps to form in the barrel of 
lump canver& shallow, hlgh velocity flow (he plpe, rcrulting in a near optimum 

flow, full capacity of the conduit 

to deeper, low veloclty flow while losing dlsslpatlbrr of energy and virrually mini. was not realized and necessitated 
considernble energy in the rerulting tur- mum posribie total energy at the an increase in pipe Size within the 

length of culvert in which the 
GENERAL 

revious research conducted at 
PVirginia Polytechnic Institute on 
the use of roughness elements in 
open channels established that ex- 
cess energy in storm water flow- 
ing down steep drainage channels 
could be dissipated by construct- 
ing roughness elements within the 

channel. Since culverts operating 
under inlet control simulate open 
channel flow, application of this 
type of intetnal energy dissipation 
to culverts could possibly result in 
more efficient utilization of the 
culvert barrel and reduced outlet 
velocities. 

roughness elements are placed. 
Based on the laboratory and field 
observatlons during this initial re- 
search, subsequent tests were con- 
ducted for full flow conditions oc- 
currlng near the outlet end at 
maximum design discharge. By 
ellrninating the criteria of freesur- 
face flow and allowing the culvert 

0.:) 
FIGURE 1. TUMBLING FLOW IN PIPE CULVERT, 
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FIGURE 2. ROUGHNESS 
ELEMENT IN PIPE, 

to approach full flow, it was found 
velocity reduction could be ef- 
fected without an increase in pipe 
size. The results of thls later re- 
search and design procedures for 
both the full flow condition and 
the free surface flow condition 
are presented in the following 
paragraphs. 

FREE SURFACE FLOW TbTS 

The performance characteristics 
of dissipater rings were investi- 
gated initially In laboratory mod- 
els and, later with a full scale 18- 
inch reinforced concrete pipe pro- 
totype. Different numbers of rings 
of various cross-sectional dimen- 
sions and spacings were tested in 
the 6-inch diameter clear plastic 
model pipe which could be ad- 
justed to any slope from zero to 

PHONE NO. : 

30 percent. An early conclus~on 
was that only five rings were 
necessary to achieve consistent 
results. The full scale prototype 
was tested at flatter slopes than 
the laboratory model because test 
faciiities with unlimited quantities 
of water were nor available within 
a reasonable d~stance of VPI. 

Since the objectives of the re- 
search were to dissipate energy 
and reduce high velocities asso- 
ciated with culverts on what are 
considered steep slopes, the cul- 
verts were operating under inlet 
control. Accordingly, the flow 
character~stia were observed to 
be one of critical flow at the en- 
trance of the pipe with the flow 
accelerating down the length of 
the pipe until the first ring, or 
roughness element, was reached. 
At that point, a hydraulic jump 
was formed, with extreme turbu- 
lence, The flow then encountered 
another roughness element while 
st i l l  in an agitated condition from 
the first and this pattern of action 
was repeated until a cyclic con- 
dition was reached, where the 
flow cohdltions over the rough- 
ness elements were uniform. Cen- 
erally, this cyclic action was at- 
tained aftet the second or third 
element. The agitated flow, char- 
acterized by a greater depth over 

FIGURE 3, TUMBLING FLOW IN 6-INCH PLASTIC PIPE, 

Mar. 08 2001 09:56RM P2 

the element than before it, a fall 
into a valley between the ele- 
ments, and a form resembling a 
hydraulic jump shortly before the ( ' j  
next element, is called tumbling 
flow. Thus one cycle is completed 
and the flow tumbles into the next 
cycle until the outlet i s  reached. 
This rumbllng flow can only be 
established and maintained under 
less than full flow conditions. Fig- 
ure 3 shows how tumbling flow 
with a free flow surface at  less 
than maximum design discharge 
appeared in the $-inch clear plas- 
tic plpe. 

FULL FLOW TESTS 

During the previous VPI re- 
search on open channel flow, it 
was observed that if one large d~s- 
sipator element was placed up- 
stream it created a large hydraulic 
jump which was maintained by 
the smaller downstream elements. 
In applying thls observation to 
pipe flow at maximum design dis- 
charges, it was theorized that the 
hydraulic jump at the large up- @ 
stream ring would cause the pipe 
to flow full with the smaller down- 
stream rings maintaining the full 
flow condition. 

Several tests of various ring wn- 
figurations quickly indicated the 
soundness of this approach. Sub- 
sequently extended tests for the 
full flow condition were made in 
the laboratory model with a ring 
configucation consisting of three 
small rings at the exit preceded 
by one large ring at double spac- 
ing as illustrated in Figure 4. The 
three small rings wertp spaced st 
spacing-diameter ratio (UD) of 
7.5 with a ring height-diameter 
ratio (WD) of 0.0625. The large 
ring, at double spacing, had a 
he~ght ratio WD of 0.146. 

Model rests were run for this 
configuration at three slopes of 
4.3,9.3 and 15.2 percent. In order 
to compare these model tests with 
the full scale prototype tests un- 
der free surface flow, the range 
of test flows was equivalent to 10 

c 
to 15 cubic feet per second In an 
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FIGURE4. FULL FLOW IN  PIPE CULVERT. 

18-inch diameter pipe. In all of 
these larger flows (larger than in- 
dicated by tumbling flow ctiteria), 
the ptpe flowed full a t  the outlet 
with the lnltial hydraulic jump 
varying In position above the 
leading ring depending upon the 
slope and flow rate. In some cases 
there were slugs of air moving 
unsteadily down the pipe, enter- 
ing a t  a vortex in the headwater 
and moving through regions of 
full how in entrained bubbles. In 
such ca$es, the quantity and 
movement of air through the pipe 
would indicate pressures only 
slightly above atmospheric and in- 
let control still governed. Table I 
details the test data and results 
and Table I1 Iisw the computa- 
tlons relating the test results to the 
expected performance of an 18- 
inch diameter prototype pipe. The 
prototype discharge QS was de- 
termined by using a Froude rela- 
tlonshlp for slmilltude, Q. = ~ ~ ' 1 ~ .  
In al l  cases except where tumbling 
flow is  noted, the model plpe was 
flowing full at the downstream 
end. Therefore, prototype velocity 
QP was determined by divlding 
prototype discharge by prototype 
area, whers the prototype area is  
the area of the plpe at the outlet 
minus the decrement in area re- 
sulting from the last ring. 

TABLE I. TEST RESULTS OF &INCH PLASTIC PIPE. 
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TABLE II. CALCULATED PERFORMANCE 
OF 28-INCH CONCRETE PIPE, 

, 
Numbu 
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4 

5 
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FUU FLOW DESIGN 
PROCEDURE 

Based on the preceding full 
flow test results, the following de- 
sign procedure Is suggested: 
1, Select required pipe size based 

on the hydraulic design pro- 
cedures presented in Hydraulic 
Engineering Circular Nos. 5 or 
10 prepared by the Federal 
Highway Administration or the 
Concrete Pipe Design Manual 
published by the American 
Concrete Pipe Assoclatlon. 

2. For culverts operating under 
inlet control, determine outlet 
velocity by means of Man- 
ning's Formula. 

3. If velocity reduction is  desired, 
select a roughness element size 
for the three downstream rings 
with a height-diameter ratio 
between 0.06 and 0.09, 

0.06 4 WD L 0.09 

and a spacing-diameter ratio of 
1.5. LID = 1.5 

The slngle upstream ring would 
then be located at twice this 
spacing and sized to be ap- 
proximately double the down- 
stream rings. 

4. Determine the hydraulic cross- 
sectional area at the last down- 
stream ring. 

5. Divide the design discharge by 
the resultant area determined 
in Step 4 to determine the out- 
let velocity. 

Example 1. 
Given: Culvert, 36-inch diameter, Find: Size and spacing 

125 feet long, n = 0.012, 4% ness elements for full 
slope ditions 
Design Q = 60 cfs 
AHW = 4.5 feet 

of rough. 
I flow con- 

Solution: 
1. Check culvert control. 

Figure 44, p. 222 Concrete Pipe 
Design Manual 

lnlet control: 
HW - 4.4 feet o.k, 
Outlet control: 
HW 4- SOL = 5.1 feet 
HW 5.1 - 0.04 X 125 
HW = 0.1 feet 0.k. 

Therefore, lnlet Control gov- 
erns. 

2. Determine outlet velocity 
Figure 4, p. 181 Concrete Pipe 
Deslgn Manual 

Qtvn = 145 ds 
VI.II = 20.5 fps 

Figure 18, p, 195 Concrete Pipe 
Design Manual 

QdQtus = 601145 = 0.41 
Va / VNU = 0.94 
Va = 0.94 X 20.5 = 19.3 fps 

3. Velocity reduction desired. 
Downstream ring height 
0.06 4 U D  b 0.09 

Use K = 0.25 feet or 3 inches 

Downstream ring spacing 
LID = 1.5 
Use L = 4.5 feet 

Upstream ring height 
Use I< = 6 inches 
Upstream ring spacing 
Use L = 9 feet 
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4. Determine Hydraulic cross- 
sectional area at last ring 
Pipe diameter = 36 inches 
Ring diameter = 30 inches 
From Table A-8 (on page 94) 
hydraulic cross-sectlonal area 
= 4.91 sq. ft. 

5. Outlet Velocity 
V= QdlA 
V f 60/4.91 = 12.2 fps 

Answer: Therefore, use three 
downstream elements, 3 Inches 
high, spaced 4.5 feet, preceded 
by one upstream element, 6 
inches high, spaced 9 feet as 
iilustrated. 



FROM : GCPR PHONE NO. : Mar. 08 2001 10:00AN P6 

FREE SURFACE FLOW 
DESIGN PROCEDURE 
Based upon the free surface flow 3. If velocity reduction is  desired, 4. Select a roughness element size 
test results, the following design select a pipe diameter within for the dissipator rings with a 

the following range: height-diameter ratio between 
c 

procedure is suggested: 
I, Select required pipe size based 0.10 and 0.15, 

on the hydraulic design proce- ["I1" [ Q ' ] "  0.10 LK/D A0.15 
dures presented in Hydraulic and a spac~ng-diameter ratio 

Engineering Circular Nos. 5 or O.I0g between 1.5 and 2.5. 

10 prepared by the Federal where Q = design discharge 1.5 &LID L 2 . 5  

Highway Administration or the E r: acceleration due to 5. Determine hydraulic cross-sec- 
Concrete Pipe Design Manual gravity (32.2) tional area a t  last disslpator 
published by the American ring based upon critical depth. 
Concrete Pipe Association. The five dissipator rings will be 

2. For culverts operating under placed within this pipe diam- 6 .  Divide the design discharge by 
inlet control, determine outlet eter, the resultant area determined 
velocity by means of Manning's in Step 5 to determine the out- 
Formula. let velocity. 

Example 2. 
Given: Same as Example 1. Find: Size and spacing of rough- Solution: 

ness elements for free surface flow 
conditions. 1. Check culvert control (see Ex- 

FIQulW 26 
ample 1). 

CRlTlCAL DEPW 
ct~cuun n ~ k  Inlet control governs,. 

6 8 

5 7e 
i3 
L 

4 6 
oV 

E ti 

# 
' 0  I00 XM .3dO 400 XI0 MI0 700 8W 900 1OW 

F DISCHARGE Q CFS 

12 

10 

8 

6 

c 
0 1m 2WO 30M 

DISCHARGE Q CFS 

2. Determine outlet velocity (see 
Example 1). 

Qrun = 145 ds 
V m  - 20.5 fps 

Qawm = 60 cfs 
Veeutrr. = 19.3 fps 

3. Velocity reduction desired, se- 
lect pipe diameter for culvert 
outlet. 

Try a48-inch diameter pipe. 

Select roughness element size 
and spacing. 

K 
0.10 &ij- L0.15 

4.8 L K 4 6 . 0  
Tty K = 5 inches. 
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72 &L&120 
Spacing of five elements be- 
tween 6 and 10 feet allows 
placing one element in each of 
five last culvert sections. 

5. Determine hydraulic cross-sec- 
tional area of last ring 
inside pipe diameter = 
48-inches 
Inside ring diameter = . 
38-inches (3.2 feet) 
From Figure 25, page 202, Con- 
crete Pipe Design Manual, for 
D = 3.2-feet, d. = 2.45-feet 

From Table A-10, page 363, 
Concrete Design Manual, 
Area 

= 0.6446 

Area = 0.6446 (3.2Ia 
Area 6.62 sq. it. 

6. Determine outlet velocity. 
V = QIA 
V = 6016.62 

PHONE NO. : Mar. 08 2001 10:00AN P7 

Discussion 
The joining of the two sizes of 

pipe could be accomplished by 
telescoping or slipping the 36-inch 
pipe into the 48-inch pipe for at 
least the length of a normal joint 
and using normal sealing materials 
in the annular space. 

Although the velocity reduction 
is somewhat greater for free sur- 
face flow than for full flow condi- 
tions, the method used should be 
selected only after a complete re- 
view of the economics, installa- 
tion procedures and requirements 
of the project. Early consultation 
with the concrete pipe producer 
i s  suggested to take full advantage 
of manufacturing capabilities and 
design details. 

'V  = 9.1 fps 
Answer:   here fore, use five ele- 

ments, 5 inches high spaced 6 
to 10 feet or the length of the 
pipe section if within this range, 
In the last five sections of pipe 
which are increased to 48 
inches in diameter. 
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CULVERT VELOCITY REDUCTION 
BY 

INTERNAL ENERGY DISSIPATORS 
TI?++ clc>~jinet lr olten &erne0 s i ~ b  .hulence. hfnst oullet protection dn'ich 

fnnrril>ls scour or erosion at  lhc oatlct ,?re esrentially r l i i l i n~  brrinr, dwi8ned $0 
( I !  a drainape culven conslructetl on .I the hs,<iravlic iunp is lormcd in 11,r. basic. 
.!rep rlopc. Such emrlnn can cause scri- 
tlus lnainlendnce, rillinfi and poilulion . Tlnir arliclc describes dirrip.>lors ir>tcnti- 
,,mblomr, The. solorilr sucialec v<l 10 i(trm the hvdmulic jump n;lhin 
, , , , , , , t11e culvrrl. thus ellnrinalirg cus~!,- nlrlb.' 

.n:tr~n?~llr b, lhr crw#,,r: ,,:fir -.-. stmaurn. There dirrlpslnrr arr. cirui.!? 
~ t ~ ~ l u ~ ~ k r n  "1 tlrn ,,l:r,ci,., ,.; .vc~, ;I,,,.. . rinEr sp4cerI along lhr pipe at 1/11. t l i~nn- 

; I ,  , , c c , , l , , ~  6,. 1 ,  ; ,  *wc.'n? FMI. Thr ring* rausc r aerier oi 
I i h l !  ; , I h%'clr;tlrlic iunbps to tom, In the l~arrr.1 o i  
u p  1 ; i , I  I .  I i t r -  pipe. r~u l t in f i  in, a near oplinrutn 

.m ';vcr.';. Imt ~..!v-i,: iiwv \:,!I)<, ir,..:-g <ii?.ipaliw? ni merp  ,,nd virltralh. raioi. 
c'~n~orh~r.11~1~~ Inlb,r$v i n  thr, ri..ul:ilc lur. :nftn~ po~iI,;o t01,li cnergv a1 IIIC, ,>uti<,:. 

GENERAL 

mvious march  conducted at channel. Since' culverts operating 
PVir#lnia Polytechr~ic InSIituD on under inlet control simulate open 
the urn of roughness elements in channel flow, application of this 
open channels established that ex- type of internal energy dissipation 
ceu ~ i r g y  in stom water flow to culvert$ could possibly result in 
in8 down.steep drainage channels mare eMctent utilization of the 
wuld be' dtsripated by construct- culvert barrel and reduced outlet 
lng roughness elements within the velocities. 

In August, 1%9, the ~ m e r l a n  
Concrete Pipe Assodation con- 
tracted with Vlrginla Polytechnic 
Institute and State Unlvenity NPI) 
to invertigte and determine the 
feasibility and applicable deign 
procedures for using rou&nara 
elements as energy disslpators of 
free-surface flow in circular con- 
crete pipe culverts. R~ul ts  of the 
research are published in Highway 
Re~arch Record Number 373 
Roughnu Elemmb as Enally 
Oiulpaton of Fna-Surface flow 
in Circulav Plpn. Because of the 
criteria of wsurlng free surface 
flow, full capacity of the conduit 
was not realized and necessitated 
an increase in plpe slze withln the 
length of culvert in whid, the 
roughness elements a n  placed. 
Based on the laboratory and field 
observationr during this Initial la- 

search, subsequent t e n  were con- 
ducted for full flow conditions oc- 
curring near the outlet end at 
maximum design discharge. By 
eliminating the criteria of free wr- 
face flow and allowing the culvert 

LL. ENTRANCE LENQT 
eaLENGTH OF ELEMENTS. 

FIQURE 1. TUMBLINQ FLOW IN PlPE CULVERT. 

CONCRETE PlPE NEW! 87 
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f lPURe 2 ROUGHNESS 
ELEMENT IN  PIPE. 

to approach full flow, it was found 
velocity reduction could be ef- 
fected without an increase in pipe 
size. The results of this later re- 
search and design procedures for 
both the full flow condition and 
the free surface flow condition 
are presented in the following 
paragraphs. 

FREE SURFACE FLOW TESTS 
The performance characteristics 

of dlsdpator r ing were investf- 
gated Initially in laboratory mod- 

e els and later wlth a full scale.18- 
inch reinforced concrete pipe pro- 
towe. Different numbers of rings 
of varlous cross-sectional dimen- 
sions and spacing were tested In 
the €-Inch diameter clear plastic 
model plpe which could be ad- 
justed to any slope'from zero to 

30 percent. An early conclurion 
was that only five ringr were 
necessary to achieve consistent 
reults. The full scale prototype 
was tested at flatter slopes than 
the laboratory model because tet  
facllittes with unlimited auantities 
of water were not availadla within 
a reasonable distance of VPI. 

Since the objectives of the re- 
search ware to dissipate energy 
and reduce high velocities auo- 
ciated with culverts on what are 
considered steep slopes, the cul- 
verts were operating under Inlet 
control. Accordingly, the flow 
characteristics were observed to 
be one of crltical flow at the en- 
trance of the pipe with the flow 
accelerating down the length of 
the pipe until the first ring, or 
roughness element, was reached. 
At that point, a hydraulic jump 
was formed, with extreme turbu- 
lence. The flow then encountered 
another roughness element while 
still in an agitated condition from 
the first and this pattern of action 
was repeated until a cyclic con- 
dition was reached, where the 
flow conditions over the rough- 
ness elements were uniform, Cen- 
erally, this cyclic action was at- 
tained after the second or third 
element. The agitated flow, char- 
acterized by a greater depth over 

FIOURE3. TUMBLING FLOW IN &INCH PLASTIC PIPE. 

the element than before it, a fail 
into a valley between the ele- 
ments, and a form resembling a 
hydraulic jump shortly before the 
next element, Is called tumbltng 
flow. Thus one cycle is completed 
and the flow tumbles into the next 
cycle until the outlet is reached. 
This tumbling flow can only be 
established and maintained under 
less than full flow conditions. Fig- 
ure 3 shows how tumbling flow 
wlth a free flow surface at less 
than maximum design discharge 
appeared in the 6-inch clear plas- 
tic plpe. 

FULL FLOW TESTS 

During the previous VPI re- 
search on open channel flow, it 
was observed that if one large dir- 
sipator element was placed up- 
stream it created a large hydraulic 
jump which was maintained by 
the smaller downstream elements. 
In applying this observation to 
pipe flow at maximum design dls- 
charges, it war theorized that the 
hydraulic jump at the large up- 
stream ring would cause the pipe 
to flow full with the smaller down- 
stream rings maintaining the full 
flow condition. 

Several tesu of various ring con- 
figurations quickly indlcaled the 
roundnns of this a~~roach. Sub- 
sequently extended iesa for the 
full flow condition were made in 
the laboratory model with a ring 
configuration consisting of three 
small rings at the exit preceded 
by one large ring at doable spac- 
ing as illustrated in Figure 4. The 
three small rings were spaced a t  
rpaclng.diameter ratio (LID) of 
1.5 wlth a ring height-diameter 
ratio (KID) of 0.0625. The large 
ring, at double spacing, had a 
height ratio KID of 0.146. 

Model test$ were run for this 
configuration at three slopes of 
4.3,9.3 and 15.2 percent In order 
to compare these model tests with 
the full scale protowpe tests un- 
der free _surface flow, the range 
of test flows was equivalent to 10 
to I S  cubic feet per second in an 
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FIQURE4. FULL FLOW IN PIPE CULVERT. 

18-inch dlameter pipe. In al l  of 
these larger flows (larger than in- 
dlcated by h~mbling flow criteria), 
the pipe flowed full at  the outlet 
with the initial hydraulic jump 
varylng in position above the 
leadlng rlng depending upon the 
slope and flow rate. in some cases 
there were slugs of alr moving 
unsteadily down the pipe, mter- 
Ing at a vortex In the headwater 
and moving through regions of 
full flow in entrained bubbles. in 
such am, the quantity and 
movement of air through the pipe 
would Indicate pressures only 
slightly abwe abnolpherlc and in- 
la control rtlll gawmed. Table I 
detalls the test date and results 
and Table II lists the computa* 
Uons relating the test results to the 
expected performance of an 18- 
Inch diameter prototype pipe. The 
prototype discharge QD was de- 
termined by using a Froude rela- 
Uonrhip for slmllitude, Q. = 11'''. 
In all cases except where tumbling 
flow is noted, the model pipe was 
flowfng full at the downstream 
md. Therefore, prototype velocity 
QP was determined by dividing 
prototype discharge by prototype 
area, where the prototype area is 
the area of the pipe at the outlet 
minus the decrement in area re- 
sulting from the last rlng. 
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FULL fLOW DESIGN 
PROCEDURE 

Bad on the preceding full 2. For culverts operating under The single upstream rlng would 
inlet control, determine outlet then be located at twice this lest rwulh lhe fol'OW'ng dee 
veIocll by means of Man- spacing and sized to be ap- sign procedure is buggested: 
ning's. Formula. proximately double the down- '. Select on the hydraulic pipe design 'Ize pm- 3. If veloclty reduction is dwired, stream rings. 

cedurts presented in Hydraulic select a rou~hnwS &ment size 4. Determine the hydraulic cmsr- 
Engineering Circular Nos. 5 or the lhr* rings sectional area at the last down- 

with a helght-dlarneter ratio stream ring. 10 prepared by the hderal 
beween 0.06 and OX)9,, Highway Administration or the 

0.06 f& KID 0.09 
5. Divide the design discharge by 

Concrete Pipe Dwlgn Manual the resultant area determined 
published by the American and a spacing-diameter ralio of in Step 4 to determine the out- 
Concrete Pipe Association. 1.5. UD = 1.5 let velocity. 

(;I\("' Culvert, 36-inch diameter, F~nd Size and spacing of rough- 
125 feet long, n - O.Ol2, 4% new elements for full flow con- 
S~OW Aitinnc 

Design Q = bO cfs 
AHW = 4.5 feet 

c'Jrttion: 

1. Check culvert contr 
Figure 44, p. 222 Conc 
Design Manual 
Inlet control: 
HW = 4.4 feet 0.k. 
Outlet control: 
HW + S.L = 5.1 feet 
HW = 5.1 -,O.M X 125 
HW = 0.1 feet 0.k. 
Therefore, inlet Control gov- 
erns. 

2. Determine outlet velocity 
Figure 4, p. 181 Concrete 
Design Manual 
Qhu = 145 cfs 
Vcun = 20.5 fps 
Figure 18, p. 195 Concrete P 
Design Manual 
Q~llQcE~u = bOll4S = 0.41 
Vd 1 Vnm = 0.94 
Vn = 0.94 X 20.5 19.3 Ips 

3. Velocity redudiondetired. 
Downstream ring height 
0.06 &KID L0.W 
Use K = 0.25 feet or.3 inches 
Oownstream ring spacing 
UD = 1.5 
Use L = 4.5 feet 
Upstream ring height 
Use K = 6 inches 
Upstream ring spacing 
Use L = 9 feet 

- 
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-6 -IMIO(IOUUllmMwlNaN)*~ 
w%DON UIWNW'S (WIATIMY WIP 4. Determine Hydraulic cnns- 

sectional area at last ring 
Pipe diameter = 36 l n b  
Ring diameter = M inches 
From Table A-8 (on page 94) 
hydraulic cro~s-wctlonal area 

3. Outlet Velodty 

CONCRETE PIPE NEW l W - 
. : 
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FREE SURFACE FLOW 
DWIGN PROCEDURE 
Band upon the free surface flow 
tect results, %e following design 
procedure Is suggested: 
1. Select required pipe size based 

on the hydraulic design proce- 
dures presented in Hydraulic 
Engineering Circular Nos. 5 or 
10 prepared by the Federal 
Hlg~way Administration or the 
Concrete Pipe Derlgn Manual 
published by the American 
Concrete Pipe A~sociatlon. 

2. For Culvert?l opsraUng under 
inlet control, determine outlet 
veioclty by means of Manning's 
Formula. 

3. If velocity reduction is desired, 
select a plpe diameter within 
the followlng.range: 

where Q a design discharge 
g = acceleration due to 

gravity (32.2) 

The flve dissipator rings will be 
placed within this plpe diam- 
eter. 

4. Select a mughnas element size 
for the dissipator rings with a 
height-diameter raUo between 
0.10 and 0.15. 

0.10 6 KID hO.15 
and a spacing-diameter ratio 
between 1.5 and 2.5. 

1.5 6 LID h2.5 

5. Oetermlne hydraulic cross+=- 
tional area at  last dissipator 
ring based upon criHcal depth. 

6. Divlde the design discharge by 
the twultant area detannlned 
in Step 5 to determine the out- 
let velocitv. 

Given: Same as Example 1. Find: Size and spacing of mugh- Solution: 
ness elements for free surface flow 
conditions. 1. Check culvert control (9- Ex- 

PIME rs C R ~ O U  MN ample 1). 
Inlet control governs. 

2. Determine outlet velocin/ (see 
Example 1). 

QNU = 145 cfs 
VMI = 20.5 fps 

Qwm=M)dr 
Vsnn 19.3 fps 

3. Velocity reduction desired, se- 
lect plpe diameter for culvert 
outlet. 

4.0 LD 4 4.8 

TIY a-48-inch diameter pipe. 

4. Select roughness element size 
and spacing. 

K 
0.10 % ha15 
4.8 L K 6 6 . 0  

Try K 5 inches. 
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L 1.5 & F b 2 5  

12 bib120 
Spacing of five elements be. 
tween 6 and 10 feet allows 
placing one element in each of 
five last culvert sections. 

5. Determine hydraulic crossaec- 
tlonal area of lwt ring D i s ~ t o n  
inside pipe dlameter = 
48-Inches The jolning of the two sizes of 

pipe could be accomplished by inside ring diameter = telesmping or slipping the 36.inch 
%-inches (3.2 feet) pipe into the 48.inch pipe for, at 
From Figure 25, page 202, Con-. least the length of a normal joint 
Crete Pipe Design Manual, for and using normal waling materials 
D ;I 3.2 feet, 6 E. 2.45 fset in the annular space, . 

d. 2.45 - = -r 0.765 . ~lthough the velocity redudton 
D 3.2 is somewhat greater for free sur- 

Fmm Table A-10, page 363, face flow than for full flow wndi- 
Concrete Design Manual, tions, the method used should be 
Area selected only after a complete re- 
?jr = 0.6446 view of the ~ n o m i u ,  installa- 

Area 0.6446 (3.2)s tion procedu~es and.requlrementr 

Area 6.62 sq. It. of the project Early con~'ulh1lon with the concrete pipe producer 
6. ~etermine outlet ~elocih/. 

Therefore, use five ele- 

.. CONORRE PIPE NW I m 
. . ,  

. . 
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