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Fcertify to the best of my knowledge that Texas Standard drawings:

TX-EN-0500 Headwalls with Timbers and Steel Pipe Piles
6 foot maximum height
Sheets 1 of 5,2 of Sand 3 of 5

TX-EN-0501 Headwalls with Timbers and Steel Pipe Piles
11 foot maximum height
Sheets 1 of 5,2 of 5and 3 of 5

TX-EN-0502 Headwalls with Timbers and Steel Pipe Piles
16 foot maximum height
Sheets 1 of 5,2 of Sand 3 of 5

meet the design requirements in the Statement of Work for Standard Drawing for Headwalls,
USDA-NRCS Task Order 43-7442-4-1080, and Texas NRCS Conservation Practice Standard and
Specifications, 578, Headwalls and other referenced codes.

Parkhill, Smith & Cooper, Inc.
Engineers m Architects w Plannars

4222 85" Street, Lubbock, Texas 79423
(806) 473-2200 FAX {806) 473-3500
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PURPOSE

This report documents the design of three headwalls composed of timber, steel pipe piles, and
cable tiebacks.

OVERVIEW

The headwalls are briefly described as follows:

1. Headwall, maximum 6-feet high with timber cross-members, steel pipe piles, cable tiebacks,
and double steel channel walers.

2. Headwall, maximum 11-feet high with timber cross-members, steel pipe piles, cable
tiebacks, and double steel channel walers.

3. Headwall, maximum 16-feet high with timber cross-members, steel pipe piles, cable
tiebacks, and double steel channel walers.

SOIL PROPERTIES

The shear strength of a soil is the most important parameter when designing a headwall. The
properties of soil that affect shear strength are unit weight, y, internal friction angle, ¢, cohesion,
C, and degree of saturation, S. The placement of granular backfill, along with spaced timbers,
allows saturated soil conditions to be neglected.

The shear strength of a soil is the characteristic that controls how much vertical pressure is
transferred to lateral pressure by the soil. The higher the shear strength, the less pressure is
transferred laterally. Cohesive soils such as clay normally have higher shear strength than
non-cohesive soils like sands and silts. The exception occurs when clay becomes wet. When
clay absorbs water it loses much of its shear strength and its unit weight increases.

Parkhill, Smith & Cooper, Inc. (PSC) performed an evaluation of the soil parameters for both
cohesive and non-cohesive. The results indicate that cohesive soils, specifically wet clay, control
the design for this project. The properties of the wet clay designed for include: unit weight, v, of
130 pounds per cubic foot (pcf), internal friction angle, ¢, of 28 degrees, and a value of 27
pound per square foot (psf) for cohesion, c. Highly plastic soils require special design
considerations due to their expansive nature when becoming wet, as well as their tendency to
cause creep. Geotechnical soil testing is required for these highly plastic soils, those soils with a
Plasticity Index (PI) of 25 or greater.

PARKHILL, SMITH & COOPER, INC. Page - 1 01292604
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LOADS

The headwalls will undergo lateral loading resulting from the weight of the soil being supported
and the surcharge from vehicle traffic and construction loads. Hydrostatic pressure loading shall
be neglected because water will be allowed to flow out through spaces in headwall timbers.

SOIL PRESSURE

The weight of the soil supported by the headwall creates a lateral loading on the wall that
increases with depth. The lateral load for the soil pressure is a percentage of the vertical
pressure or vertical stress, o, . Vertical stress in a soil is given by the equation:

o, =yH

Where,

y = Unit weight of soil
H = Depth of soil

The properties of soil cause a transfer of this vertical stress, o, to a horizontal stress, o, .

The horizontal stress is found by reducing the vertical stress by a factor. This factor is known
as the coefficient of lateral earth pressure, K. There are three types of lateral earth pressures
which have their own respective lateral earth pressure coefficients. These coefficients are:

Ko:  Coefficient of lateral earth pressure at rest.
Ka.:  Coefficient of active lateral earth pressure.
K,:  Coefficient of passive lateral earth pressure.

The type of deflection the soil experiences is what defines these coefficients. For this design,
the deflecting soil in question is the soil nearest the headwall. K, assumes the soil has not
deflected. K, assumes the soil has undergone a positive deflection; the soil has pushed the
wall out away from its original position. K, assumes the soil has undergone a negative
deflection; the wall pushed against or compacted the soil. For design purposes, K, is
neglected. In this design, K, is used where the soil pushes against the headwall, and K is
used where the headwall pushes against the soil in the embedment.

The coefficients of active earth pressure, K, and passive earth pressure, Kp can be
determined using either Rankine’s or Coulomb's theories. The values for these coefficients
are given by the following equations:

PARKHILL, SMITH & COOPER, INC. Page - 2 01292604
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Non-Cohesive Soils (Coduto 2001)

Jeos? f—cos’ ¢
K, = cos f cos” f—cos” ¢ (Rankine's Theory)
cos B+ \/m

2 J—
K, = cos’ (¢-a) ~(Coulomb's Theory)

cos? acos{ljt\/ sin(¢+ ¢, )sin (46— f) ]
cos (¢, +a)cos(a—f)
« _C0s ftJcos’ f—cos’ ¢
" cosp- \/m
Where,
B = inclination of ground surface above wall

¢ = internal friction angle
a = 1nclination of wall from vertical

¢, = wall-soil interface = 2/3 friction angle

Cohesive Soils (FHWA-IF-99-015 1999)
K, = tan’ (450—£j—2tan2 (45°—£j
2) o, 2

K, = tan’ (45O + g] + 2 tan? (45O + Q]
2) o, 2

Where,

K, = Coefficient of active lateral earth pressure

K, = Coefficient of passive lateral earth pressure
o, = Total vertical stress
¢ = effective friction angle

¢ = effective cohesion

(Note: In all cases K, shall be reduced by a factor of safety of 1.5.)

After determining these coefficients the lateral earth pressures acting on the wall were
calculated using a linear soil pressure distribution similar to hydrostatic pressure distribution.

The equation for lateral earth pressure is given by:

PARKHILL, SMITH & COOPER, INC. Page - 3 01292604
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Unsaturated (Coduto 2001)
o,=Ko=KyH

Where,

K = coefficient of lateral earth pressure

y = unit weight of the soil
H = depth of soil

SURCHARGE LOAD

A surcharge load acting along the ground service was assumed to act on the headwall from
vehicle traffic and construction loads. A 100 psf surcharge load was assumed to act
uniformly on the ground surface. This uniform load was then multiplied by the coefficient of
active earth pressure, K,, to obtain the pressure acting on the wall.

DESIGN PROCEDURES

The headwall design for the Natural Resources Conservation Service (NRCS) followed the
free-end design method. The design will uses an anchored cantilever design for all other cases.
This design assumes the pile is rigid. Several components of the headwalls were constant
through each design height. These components include: 10 steel pipe piles, embedment of §’,
cable size of ¥ diameter, 2C7x9.8 walers, and 4”x12” timbers. Since most components in the
design are constant the only things that vary for the different wall heights include: the number
and spacing of walers with tiebacks, the spacing of the tiebacks, and spacing of the piles.

SPACING OF PILES

Determining the pressure profile on the wall allows the calculation of the allowable spacing
of the piles. For the case where one tieback is present statics can be used to find the
allowable spacing of the piles. Assuming the moments about the tieback are zero creates a
statically determinate problem with two unknowns. The two unknowns are the depth of
embedment and the force in the tieback. Assuming moments about the tieback are zero drops
out the second unknown, the force in the tieback, leaving only one unknown. Solving for the
depth in this equation creates an easily solvable second order polynomial.

Wall heights with multiple levels of tiebacks create a statically indeterminate problem. A
structural analysis program, RISA 2-D, was used to model a two dimensional section of the
wall. To create a stable model, it was assumed that that passive soil pressure at the
embedment of the pile acted as a pin at the resultant of the triangular passive pressure
distribution. The tiebacks were modeled as roller connections.

PARKHILL, SMITH & COOPER, INC. Page - 4 01292604
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STABLILITY

It is required that soil retaining structures be able to withstand overturning failure and sliding
failure with a factor of safety of at least 1.5 for each. In this design the cable tiebacks
restrain the wall from overturning while the embedment prevents sliding. Each stability
check was made in the calculations (see appendix) with each exceeding the required factor of
safety.

PILE DESIGN

Once the loadings were determined, the capacity of the steel pipe pile was checked. This
design included determining the maximum stress in the pipe for both bending and shear. The
yield stress of the steel was assumed to be 36 ksi and the design used the ASD steel
construction manual to design the members.

TIMBER DESIGN

The design of the timber members included factors such as bending, shear, and bearing.
Deflection was not considered in this design since serviceability is not an issue related to
headwall design. The bending stress in the member was checked at the base of the headwall
where the greatest pressure would be present. The “National Design Specification for Wood
Construction” was used to determine the maximum bending stress and the maximum shear
stress in the wood. This bending stress was then multiplied by design value adjustment
factors. These factors include a repetitive member factor, CR, a wet service factor, CM, a flat
use factor, CFU, a size factor, CF, and a shear stress factor, CH. A design value of 825 psi
was used for the maximum bending stress and 95 psi for the maximum shear stress.

ASSUMPTIONS

Free-end design method assumes the pile is rigid and rotates about the tieback or the top of the
wall. The free-end design method assumes the soil pressure is in an active state above the base
of retaining wall. Below the bottom of the retaining wall, the pressure is assumed to be in a
passive state. It was assumed that saturated conditions would not be present in the soil behind the
retaining wall because excess water would be able to flow out between the timbers in the wall.

The active soil pressures were calculated using Rankine’s Theory for Soils which assumes:
(Coduto, 2001)

1. The soil is homogeneous and isotropic, which means, C, ¢, and y have the same values
everywhere, and they have same values in all directions at every point.

2. The most critical shear surface is a plane.

PARKHILL, SMITH & COOPER, INC. Page - 5 01292604
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3. The ground surface is a plane, although it does not necessarily need to be level.
4. The wall is infinitely long so that the problem may be analyzed in only two dimensions.

5. The resultant of the normal and shear forces that act on the back of the wall is inclined at an
angle parallel to the ground service.

It was assumed the worst loading case for the headwall design would be that of wet clay. When
clay becomes wet it absorbs water which increases its unit weight. The friction angle, ¢, for clay
is smaller which equates to a larger value for K;. The combination of these variable results in a
greater lateral load imparted on the wall.

BILL OF MATERIALS

6 FT HEADWALL

Max 6' Headwall Height = ft
Quantity | Unit | Total Quantity | Length = ft
10" Pipe 0.700 | If
4x8 Timbers 1.600 | If
3/4" Cable 0.517 | If
C7x9.8 0.333 | If
1/2" Dia Bolts 0.133 | ea
10 GA Screws 1.000 | ea
Lock Washers 0.150 | ea
3/4" Dia Bolts 0.150 | ea
1/2 Plate 0.004 | sf
1"x30" Eye Bolts 0.025 | ea
Cable Clamps 0.033 | ea

(Note: all units are per linear foot of wall per unit height of wall)

11 FT HEADWALL

Max 11' Headwall Height = ft
Quantity | Unit | Total Quantity | Length = ft
10" Pipe 0.518 | If
4x8 Timbers 1.600 | If
3/4" Cable 1.691 | If
C7x9.8 0.364 | If
1/2" Dia Bolts 0.145 | ea
10 GA Screws 1.000 | ea
Lock Washers 0.136 | ea
3/4" Dia Bolts 0.136 | ea
1/2 Plate 0.005 | sf
1"x30" Eye Bolts 0.018 | ea
Cable Clamps 0.036 | ea

(Note: all units are per linear foot of wall per unit height of wall)
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16 FT HEADWALL

Max 16' Headwall Height =
Quantity | Unit | Total Quantity | Length =
10" Pipe 0.750 | If
4x8 Timbers 1.600 | If
3/4" Cable 2.906 | If
C7x9.8 0.375 | If
1/2" Dia Bolts 0.250 | ea
10 GA Screws 1.615 | ea
Lock Washers 0.250 | ea
3/4" Dia Bolts 0.250 | ea
1/2 Plate 0.016 | sf
1"x30" Eye Bolts 0.063 | ea
Cable Clamps 0.063 | ea

(Note: all units are per linear foot of wall per unit height of wall)
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Natural Resources Conservation Service
STATEMENT OF WORK
STANDARD DRAWINGS — HEADWALLS
CONSERVATION PRACTICE STANDARD 578

United States Department of Agriculture

These deliverables apply to this specific Statement of Work. All enginearing drawings and designs shall
be sealed by a Professional Engineer licensed to practice engineering in Texas. All documentation
provided to the local NRCS contact shall be generated in *.doc, .pdf, *.dwg, or *.xIs format and provided

on CD media.

DESIGN

Deliverables:
1. Structural design report and 3 Headwall Standard Drawings that meet current NRCS Standards, AISC,

ASD; NDS, ASD; and ACI concrete design criteria and installation reguiremants. Construction and

material specifications shait be included on the standard drawings for.
a. Headwall, timber and steel sheet piling, Maximum B-ft high, with timber and steel pipe piles,
tiebacks and anchors if needed.
b. Headwali, timber and steel sheet piling, Maximum 11-ft high, with timber and steel pipe piles,

tisbacks and anchors.
¢. Headwall, timber and steel sheet piling, Maximum 16-ft high, with timber and steei pipe plles,

tiebacks and anchors.
2. Design shall be signed and sealed by a licensed professional engineer, licensed to practice in Texas,
certifying that all components comply with the design requirements set forth in this Statement of Work,
Texas NRCS Conservation Practice Standard 587, Structure for Water Control, and other referenced

codes.

3. Drawings shall include construction notes and address potential erosion around and downstream of the
structure. A provision for optional placement of rock rip rap, with appropriate foundation preparation, and
material and construction specifications from National Engineering Handbook, Part 642, Chapter 2 (NEM
642-2}, shall be shown on the drawings. Adequate sections and details to clearly indicate installation of

connectors, openings for culverts and pipes, and excavation and backfill requirements

4. Structures shall be designed for the materials listed in (1} above. Design pile load conditions shalf
include foundations in both cohesive and non-cohesive soils. TR-74, Lateral Earth Pressures, shall be
used to determine wall, whale, and connection loading. Drainage features shail be designed for soit
backfilt materiats with more than 15% fines and for all wall heights greater than 11-ft. Drawings and
specifications shall require geotechnicat testing and recommendations on wall heights greater than 11-ft,
or less if highly plastic soils are present on tesser heights. Piting and drainage construction detaits shall

be shall be shown on the drawings and referenced to appropriate specifications as necessary.

6. Tiebacks and anchor requirements shall be designed for placement in backfil materials and in-situ soils
next to roads and highways. Tiebacks and anchors shall be located to not disturb existing roads or
highways. Drawings shail specify testing of tiebacks and anchors for compliance with required strengths.

Required strength shail be stated on the drawings.

8/24/04 Page 1 of 2 TEXAS



United States Department of Agriculture Natural Resources Conservation Service

STATEMENT OF WORK
STANDARD DRAWINGS - HEADWALLS
CONSERVATION PRACTICE STANDARD 578

7 Reinforced concrete design, if required, shall comply with ACi 350-01 and NRCS Technical Release 67,
Reinforced Concrete Strength Design. Steel members and connectors shall comply with American
Institute of Steel Construction, Manual of Steel Construction, Allowable Stress Design. Timber members,
connectors, and piles shall comply with the American Institute of Timber Construction and the National
Design Standards for Wood Construction {(NDS),

8. The designer shall provide for each drawing the following:

a. Design Report to include a detailed presentation of the design procedure, assumptions,
design criteria, loads and load combinations, design computations, critical load
combination(s) for the various elements of the structure, design limitations, and specific
requirements for connections, materials, embedment, anchors, tiebacks, and other unusual
situations.

b. A bill of materials, per unit width of a section, for unit heights up to B-ft, 11-ft, and 16-ft shalt
be provided expressed In linear feet per unit of height, number and size of connectors and
hardware per unit of height, or cu yd for drain materials per unit of height. .

¢.  Gonstruction specifications and notes to clearly describe the work and installation
reguirements, safety requirements, pile instalfation and driving requirements, detail
instructions for underground utilities, maximum excavated cut slopes, testing tiebacks and
anchors, and geotechnical investigation, testing, and recommendations.

d. Provide five sets of 11" X 17" construction drawings, one electronic file copy in PDF format
(Adobe Acrobat) of the construction drawing details and specifications, and one electronic file
copy in DWG format (AutoCad) of the construction drawing details and specifications.

REFERENCES

* Texas, NRCS Field Office Technical Guide (eFOTG), Section 1V, Conservation Practice Standard -
Structure for Water Controf, 578 http://www.nres.govitechnical/efotg/.

» NRCS National Engineering Manual (NEM).

+ Technical Release 74, Lateral Earth Pressures

s AC| 350-01, AISI, NDS

¢ Additional information needed should be requested fram the NRCS COTR.

» NRCS, National Engineering Handbook, Part 642, Chapter 2. CS027 (Drain Fill), CS085 (Geotextile),

CS8013 (Piling). etc.
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APPENDIX B

DESIGN CALCULATIONS
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Maximum &' High Headwall
1 Waler with 1 Tieback Every 2 Bays

i jcuilati

Date :
PSC Job No. :

11/1/2006
01-2926-04

10 in. (Outside Diamater of Pile)
0.34 in. (Pite Thickness)
36 ksi {Yield Strength of Stesl)
5H {Pile Spacing}
8f {Embedment Depth)
1200 psi {Southern Pine No. 2 Grade)
175 psi
75 in :
3.5i0n b
6 ft {height of wall)
3ft {depth to tisback)
0° (inclination of wall from vertical)
130 /> {unit weight of soil above ground water table)
= 27 Ipit? {cohesion)
q= 100 1At (surcharge pressure)
} = 2° {inclination of ground surface above the wall)
' = 28° {effactive friction angle)
Ky = 0.35 {cosfficient of active soil pressure)
K, = 2 {coefficient of passive soil prassure)

o)

W

N

Where.

¢ = Cohesion

K, =tan*| 45°-L | -2 an?| 450-L
2 2

K =tan’ 45°+—¢-— +-%C.—t£m2 45°+-¢-§—
i 2 o D2

K, = Coefficient of active lateral earth pressure
K, = Coefficient of passive lateral earth pressure

o, = Total vertical stress

¢ = Friction angle




fCheck Siiding

Area Fresmant {lb) Dafm (ﬂ) Mleback (ﬂ‘lb)
1 525 1.5 788
2 1024 1.0 1024
3 525 15 -788 Factor of Safety = - <
4 2048 '1 .5 ~3-O71 PR ITRCRIE
5 1024 -2.0 -2048
6 233 -7.0 -1633 Factor of Safety = 2.0
7 1820 -7.0 -12740 Minimum Factor of Safety = 1.5
8 1213 -83 -10111 OK
9 6933 8.3 57778
Sum of Moments = 29198
Max Lateral Pressure on Wall (psf) = 308
A
= KT 3\
3 w:r——— F,
A F2
s n— T
\.
?‘3 ____A\Fa Fy
4 [g—F
\
i
)
\
P \\
\ .
? L.=rr_1 F-,
w7 \\
Fy . 9 78
* Fa
Z \
\
|
hack Overtuming
Pranack = 4,449 b OK Factor of Safety = 3.3
Detarmine Max Momant in Pile
M. = 6.600 ft-ib




[Pile Design

Bwith Tieback
A = 10.32 in?
f= 120.51 in*
S = 24.10 in®
ﬁfu = 23.76 ksi
Mootar = 6.60 H-k (o] ¢
Maiiowabie = 47.72 ft-k
Design - &/4° Diameter Cable
EBreaking Strength = 58,800 Ib
Factor of Safety = 3
Allowable Load = 19,600 b
Atlowable Load per wall = 9,800 Ib
Allowabls Load per bay = 4,900 Ib OK
iTimber Design
A = 26.25 in°
| = 26.80 in*
Lu = 15.31 in® f = 3V s
b = 1407.60 psi Y 2bd
Mioa = 601.56 ft-Ib oK F et = FLCaCC
Maiowabis = 1796.16 ft-Ib Wh
- 27.50 psi ok e
| 203.7 psi F, = Adjusted allowable shear stress
' Casn=Wood Modification Factors
jWhalor Dasign (for tisback) ‘ .
iFs = 23.76 ksi o
x(req) = 562 iI’T3 2C7X98 S,\.’{n’q‘} = DR
x = 12.14 in? F,
e 1.1 ft-Ib
Matowania = 24.0 ft-lb OK
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Resuits for LC 1, Design

Parkhill, Smith & Cooper NRCS 6 Headwall
Matt Laverty
2926.04

Oct31,2006at 11:15PM

6 foot walk.r2d




Loads: LC 1, Design
Resuits for LC 1, Design

? . 175Kt

- 56K/

Parkhill, Smith & Cooper __

Matt E_ay_gr't)_/_r o

NRCS é'gl-feadwalf

0ct 31,2006 at 11:14 PM
6 foot wall.r2d




Company : Parkhill, Smith & Cooper Oct 31, 2006
Designer  : Matt Laverty 11:11 PM

Job Number 2926 04 NRCS 6' Headwal! Checked By

Basic Load Cases

seription Category X Gravity Y Gravity Joint Point  Distributed

. Surcharge {wall) Nene ‘ ‘ S ‘ 1
[ 2 | Surcharge (pile} | None L P ; f 1
3 Soil (wall} None e i 1. .
T4 Soil {pile) J None e J R 1]

Joint Boundary Conditions

Joint Jabel X [K/in] . Y [kin] Botationfk-f/rad] . Footing
o1, N4 Reaction . I
2 N5, Reaction ; Reaction . ) |
Ji oordinates and T f,
,,,,,,,,,,,,, — Label X [H] — Y [#]) , Temp(F]
1 0 N1 . ¢ | 14 0 ;
L2 | N2 0 , 8 ] 0
© 3 N3 . 0 ! 0 4 0
L4 ] N4 | 0 \ 12 : 0 ;
.5 | N5 .0 ! 2.667 0 '

Lo Joint Lapbel X [K] Y ik} MZ [k-f]
T T N4 i 4.449 : 0 0 |
2 1 N5 4 3.964 Q ; Q 1
3 1] Totals: 8.413 L 0 i
4 1 COG (ft); ; NC = NC | ]
Load Combinations

._,u,,._.QQﬁQLimi_Qﬂ_mrPﬂL SN&.__B_LQ_,_QQIQr | ﬂLQEach BLQM%BLC%&?QL&QTMLQTEEMQMQJM
! i L | | .

1 | Design .Yes | ]

Member Distributed Loads (BLC 1 : Surcharge (wall))

Member |_abel Direction Start Magnitude[k/ft.d.. End Magnitude(k/f.d.. _Slaﬂ_LOCm{tti ] Mﬁth
1 M2 X -.035 ‘ =035 0
Member Distributed Loads (BLC 2 : Surcharqe (pile))
. _Me_mbht;fl Label Dire;tion Stanjdawﬂudmng Mam%%qamg_&m;mqu End Location[it. %]
Lo X .03 .03 0 0

Member Distributed Loads (BLC 3 : Soil (wall)}

———  Memberlabel QUQ)Q(jm_ Stmmdemﬁmmn%mmwmm _Enﬁ_Lsmghonlm ).

M2
Member Distributed Loads (BLC 4 : Soll (pile})
. Mamber [ abel Direction _ Start Magnitude(k/f1.0.. End Magnitude{k/ft.d... Start Location{ft.%]  End Location[#,. %]
i M1 X -.53 -.227 0 o 0

e R R ETIEERIIRR=

RISA-2D Version 6.5 [C:\..\Miaverty\Desktop\NRCS\Headwall Calcs 10-30'6 foot wall.r2d] Page 1




Company : Parkhlil, Smith & Cooper Oct 31, 2006

Designer . Matt Laverty 11:11 PM
Job Number : 2926.04 NRCS 6' Headwall Checked By:

Member Section Forces

LC Membaer Label Se¢ . Axiallk] Shearlk] Momentk-ft}
1 M1 0 B 0 '
1.044 ! -1.07 !
_ -2.027 i 1.209 ‘
i -1,286 | 4,497 |
i -.696 -r 6.454 ;
: -.696 ] 6.454 1
1.358 : 5.894
2.9 I 2,637 |
|

1
|
T

_,
—

M2

——— ——

-518 -.325
0 ]

S O 00 1T 10 4 |03 110 [
it
11
N LEs 60 1O s {1 4 e P [—
oo

[C:\..\MLaverty\Desktop\NRCS'Headwall Calcs 10-30\6 foot wall.r2d] 2
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Parkhill, Smith & Cooper, Inc.
Engineers » Architects » Planners
S ===
1] leul

Maximum 11" High Headwall

2 Walers with 1 Tieback per Bay Date: 11/1/2006
[iPites Spaced af 5' PSC Job No.: 01-2926-04

10 in. {Qutside Diameter of Pile)
0.34 in. (Pile Thickness)
36 ksi {Yield Strength of Steel)
5H (Pile Spacing)
8t {Embedment Depth)
b 1200 psi (Southem Pine No. 2 Grade)
, = 175 psi h
= 7.5 in

h = 3.5in b
iH = 1 ft (height of walf)

o < 0° {inclination of wall from vertical)
[[Soil Properties

Vool = 130 b/ {unit weight of soil abova ground water table)
P = 27 bAt {cohesion)

= 100 b/t (surcharge pressure)

[ = 2° (inclination of ground surface above the wall)

= 28° (affective friction angle)

Ky = 0.35 {coefficient of active soil pressure)

Ky = 2 (coefficient of passive soil pressure)

K, =tan’ 45°~£ —-2—0‘—t:5m2 45°—£
2 o, 2

K =tn’| 4594+ 2 |+ 2 an| 4504 £
’ 2) o, 2

Where,

K, = Coefficient of active lateral earth pressure

K, = Coefficient of passive lateral earth p

¢ = Cohesion

o= Total vertical stress

ressure ¢ = Friction angle




Check Sikding

Reaction at Embedment = 4342 b oK
[Allowable Reaction = 4622 Ib
Factor of Salety = 1.6 (Minimum FOS = 1.5)
Overluming
Puevackiiop = 7.788 Ib oK Factor of Safety = 38
P abackiborom) = 8332 b oK Factor of Safety = 35
! {Minimum FOS = 1.5)
joetermine Max Moment in Plie
M ax = 6,800 ft-b
Fiie Desion :
i 10.32 in
; 12051 in*
24.10 in®
23.76 ksi
Miores = 6.80 ft-k OK
iMaiowavie = 47.72 -k
‘Design - %4° Dlametar Cable
Breaking Strength = 58,800 b
Factor of Salety = 3
Allowable Load = 19,600 Ib
Allowable Load per wall = 9,800 Ib
Alfowable Load per bay = 9,800 b
i = )
1A 26.25 in
26.80 in®
15.31 in® 5 =V
1407.60 psi T 2bd
| = 1045.30 ft-ib oK F atiosatie) = FC.C,C,
MBHOWGD‘O = 1 796.1 6 ﬁ'lb Wh
' 47.81 psi ok e
IF ot = 203.7 psi F, = Adjusted allowable shear stress
: Cpm=_Wood Modification Factors
Whaler Design (for teback) :
Fp = 23.76 ksi M
Ssireq) = 9.83 jp? 2C7x9.8 S, m
S, = 12.14 jn? F
Mot = 20.8 ft-bb
Maiowabte = 24.0 fi-lp oK




Results tor LC 1, Design
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Parkhill, Smith & Cooper
MattLaverty B
2926.04
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Loads: LC 1, Design
Results for LC 1, Design

Parkhili, Smith & Cooper

Matt Laverty

2926.04

Q3. 75000

NRCS 11’ Headwall

Oct 31, 2006 at 11:16 PM
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Company : Parkhill, Smith & Cooper Oct 31, 2006
Designer  : Matt Laverty 11:17 PM

Job Number : 2926 04 NRCS 11 Headwall Checked By

Basic Load Cases

BLC Pescriplion Category X Gravity Y Gravity Joint Point Distributed _

1 Surcharge (wall) . None__ - i , L
[ 2 Surcharge {pile) ! Noneg ! ] | e 1 N
3 “Soil (wall) ' None T ' ! 1 ,
T4 Soil {pile) ‘ Nene i i 1 ]

Joint Boundary Conditions

Joint Labei . 4 |.3i:1) | Y [k/in] Rotation{k-ft/rad] Footing
1 N4 i Reaction | i '
o N5 N Reaction .‘ ; 1 .
) N6 Reaction | Reagtion ) ‘ ‘
int Coordina d Ti ratu,
‘ Labet X[t} Y[ , Temp [F}
1 N1 | 4] ‘ 19 ‘ 0
2 N2 ? 0 8 0 ]
3. N3 | 0 N 0 0
[ 4 | N4 | 0 ! 10 | 0
5 N5 ! 0 14 Q
.6 N6 \ 0 f 2,667 0
Joint Reactions
LC Joint Label X [K] YK __ MZ k]
1 i N4 | 8.332 % 0 | 0 |
2 1 N5 % 7.788 1 ) ; 0 !
3 1 NG 4,342 ! 0 .0 j
4_, 3 Totals: ; 20.463 . Q ‘
5 | 1 COG (ft); ‘ NC NC ‘ I

Load Combination

—_...Dascription _SolvePD... SR.. BLQf&QtQL,JiLQ Fagtor BLC Fact Faglor ‘ JEactor 8LC Facior BLC Faclor
[ 1 T Design .Yes' | [ 1 1 :3:5 4! 1 " | ! e ]

Member Distributed Loads (BLC 1 : Surcharge (wall))
Member Label Diraction Stéﬂﬁ&ﬂﬂﬂ.&[ﬂ.d_@mmmﬁiﬂﬁ d..... Start Location[ft,%] i %
0

. M2 . =035 .0 .
Member Distributed Loads (BLC 2 : Surcharge (plle))
Mamber Label Pirection Start Magnitude[k/f.d. End Magnitude[k/ft,d...  Start Location{ft,%] _End Locationfft,%]
1 M1 o X -03 -.03 ) 0 . 0
Member Distributed Loads (BLC 3 : Soil (wall))
Member Labgl D:rmmn_&amanmm.ﬂuﬁnd Magnitudelk/ft.d... Start Location{f.%]  End Location[ft.%]
1 M2 -5 0 0] ] Q
Member Distributed Loads (BLC 4 : Soil (pile))
___ Mamber Labe! Diraction Start Magjud&[m d.. £End Magnifude(k/f.d...  Start Location{f},%] _End Location[ft, %]
1 M1 X ) - 417 o . 0

RISA-2D Version 6.5 [C:\..\MLaverty\Desktop\NRCS\Headwall Calcs 10-30\11 foot wall.r2d)] Page 1



Company : Parkhill, Smith & Cooper Cct 31, 2006

Designer  : Matt Laverty 11:17 PM
Job Number : 2926.04 NRCS 11’ Headwail Checked By:

CAxigiik] _ ,.,&hsaoauf k] Momentfk-#t]
0
1,424 L -1,45
. -1.645 192
. -524 ! 2.337
446 ! 2.39
. ; 2.39
-1.39 ‘ -1.913
3.388 : -5.055
-1.341 : -1.45
Q ~ 0

P

|

I N M2

PR SR

mnmm*mammag

ROOOoORICKIoKIO

i

T RISA-2D Version 6.5 [C:\...MLaverty\Desktop\NRCS\Headwall Calcs 10-30\1 foot wall.r2d]  Page2




Parkhill, Smith & Cooper, Inc.

Engineers a Architects = Planners

H Il Design Calcuytati
Maximum 16' High Headwall
3 Walers with 1 Tieback per Bay Date: 11/1/2006
Piles Spaced at 3' PSC Job No.: (1-2926-04
Proparies
10 in, {Qutside Diameter of Pile}
0.34 in. {Pile Thickness)
36 ksi (Yield Strength of Steel)
3t (Pile Spacing}
8t (Embedment Depth)
1200 psi (Southem Pine No. 2 Grade)
175 !:osi h
7.5 in
35in b
16 ft {height of wall)
0° {inclination of wall from vertical)
130 |p/ftd (unit welight of soil above ground water table)
= 27 b/t {cohesion)
= 100 Ib/ft {surcharge prassure)
p= 2° (inclination of ground surlace above the wall)
| = 28° (effective friction angle)
K, = 0.35 (coefficient of active soil pressure)
K, = 2 (coefficient of passive soil pressure)

a

W

K -—~tan{45°+£}+
# 2

v

Where,

¢ = Cohesion

K, =tan’ (45°~%J~3—€~taﬂ2 (45"-—

A

)

gt.ﬂ—tanz(45°+%)

K, = Coefficient of active lateral earth pressure
K, = Coefficient of passive lateral earth pressure

o, = Total vertical stress
@ = Friction angle




Check Shding

Reaction at Embedment = 4146 b
Aliowable Reaction = 4822 Ib
EFactor of Safety = 1.7 (Minimum FOS = 1.5)
[Check Overturning
PTIECBCk(tw) = 5,251 ib OK Factor Of Safew = 5-6
Petackimadie) = 5,399 Ib 0K Factor of Safety = 5.4
P ebackibattom) = 9,064 b oK Factor of Safety = 32
E {Minimum FOS = 1.5)
Max Momont in Plie
4,200 ft-ib
10.32 in
120,51 in*
24.10 in®
23.76 ksi
4.20 ft-k QK
[Maiowenie = 47.72 ft-k
Tesian - w‘r-m : G o
Breaking Strength = 58,800 b
Factor of Safety = 3
Howable Load = 18,600 Ib
Allowable Load per wall = 9,800 Ib
llowable L.oad per bay = 9,800 Ib
26.25 in®
26.80 in*
15.31 in® 7 =2V
1407.60 psi " 2pd
1322:'2 :-:tb) OK F v (altawable) FC.CC
nllowatie — . =
40.88 psi ok “Where.
©catoatie; = 203.7 psi F, = Adjusted allowable shear stress
_ Canee=_Wood Modification Factors
fvhaler Design (for tieback)
Fy= 23.76 ksi
Syreq) = 3.98 in? Mo
w(req) — . n 2C7x9.8 =T
uregh F
S, = 12.14 in® b
M.e = 8.1 ft-b
Maiiowabie = 24.0 ft-lb OK
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Results for LC 1, Design
_Parkhill, Smith & Cooper NRCS 16' Headwall _
_Matt Laverty Nov 1, 2006 at 12.39 AM
2926.04 16 foot wall r2d




Qs - 74k

L.oads: LC 1, Design
Results for LC 1, Design

Parkhill, Smith & Cooper NRCS 16' Headwall
Matt Laverty
2926.04

‘Nov 1, 2006 at 12:39 AM _
16 foot wall.r2d




Company : Parkhill, Smith & Cooper Nov 1, 2006
Designer . Matt Laverty 12:40 AM

Job Number 2926 04 NRCS 16' Headwall Checked By

Basic Load Cases

. _ BLC Description _Category X Gravity Y Gravity Joint Paint Ristrityted
1 5urcharqe {wall} None ) ‘ 1 |

L2 Surcharge (pile) - None T | J ! 3 ]

"3 Soil (wafh) : None 1 ‘ ; - .

L4 Soit (pile) 5 None o ‘ . ;‘ | 1]

Joint Boundary Conditions

| Joint L.abel J X flin} Y [iin] —Botationfiftrad] . Fooling
"1 N4 ; Reaction ; ' J ‘
L2 . NS L Reaction 1‘ : i 1
3 N6 ! Reaction | Reaction | | }
[ 4 ] N7 ! Reaction 3 1 - l

rdinates and Temperatures

, Label | X [H) Y Temp [F} )

i N1 . 0 24 , 0 ;

2 N2 ‘ 0 8 0 |

3 N3 | 0 0 j 0 j

4 | N4 T Q 10 . 0 j
5| N5 : 0 ) 14 | 0 \
6 ] N6 0 2.667 : 0 i
! N7 0 19 Q |
L8 | N8 0 i 0 ] 0 )
Joint Reactions (By Combination}
,,,,,,, MG Joint Label X [k} Y {kl MZ fk-ft]
1y N4 9.064 ‘, Q ; 0

2. 1] N5 5.399 1 Q 4 0

3 .1 N& ' 4.146 ! 0 ‘ 0
L4l 1 N7 5.251 Q ) 1
5 1| Totals: ! 23.86 Q 3 ‘
6 | 1 COG (1t ; NC NC L |
Load Combinations

Description SolvePD,.. SR... BLC Factor BLC Factor BLC Factor BLGC Factor BLC Factor BLC,E&GQLELQ_EQHQLFELQWEEQKQI"

1 Design Yes' .1 3 2.1 3.3 4. 1 ] ‘ ‘

Member Distributed Loads (BLC 1 : Surcharge (wall))
Momber Label Direction Start Magnitudefk/it.d, End Magnitude{k/ft.d...  Start Location[ft,%] __End Location[ft, %]

M2 X -.035 -.035 0 R .

Member Distributed Loads (BLC 2 : Surcharge (pile))
Member Label Diraction Staﬂ_agﬂﬁmikzﬂ,ﬂ_im Magmmdﬁiﬂ _Start Locationfft.%] _ End Location{ff,%]

i M1 X 0 0
Member Distributed Loads (BLC 3 : Soil (wall))
- __Mgrnl:»_w?}fé},abﬁlwmfm ﬂi@illQLﬁSlﬁﬂidﬂﬂ%%lgﬁﬂim,duiﬂﬂﬂﬁﬂﬂjgdﬂﬂm__&aELLSElgﬂQD[ﬁL%L,,ﬂ@_LQQﬁﬁQD[ﬂﬁﬂ, .

RISA-2D Version 6.5 [C\..\MLaverty\Desktop\NRCS\Headwall Calcs 10-30\16 foot wall.r2d] Page 1



Company : Parkhill, Smith & Cooper Nov 1, 2006

Designer  : Matt Laverty 12:40 AM
Job Number : 2926.04 NRCS 16' Headwall Checked By:

Member Distributed Loads (BLC 4 : Soil (pile))
Member Label Direction .__ Start Magnitude{k/ft.d,. End Magnitudelik/ft.d...  Start Location{ft.%] End i.ocationlft.%)
1. ..M B X =71 I -.407 Q. ; Q.

Member Section Forces

LG Member Label
1o M1

Axialk] Shearfk] Momentlk-fif
0 ! 0 )
1.404 i -1.43 ]

-1.489 ‘ .01
-.388 ‘ 1.862
562 1.662
! 562 1.662
1 -.438 685
1 043 746
; -1.512 | -2.296
0 0

T

r‘“
aE ek SaRr - (VDS T

M2

mhmmamamm4§
cloooblooloolo

ﬁ E._
vy
o {D




Headwall Standard Design
December 2006

APPENDIX C

DRAWINGS
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Headwall Standard Design
December 2006

APPENDIX D

ROCK RIPRAP OUTLET PROTECTION

PARKHILL, SMITH & COOPER, INC. Page - IV 01292604



Appendix D

Rock Riprap Outlet Protection

December 2006

PSC Project # 01292604

Certification: All components comply with the design requirements set forth in the Statement of
Work, Texas NRCS Conservation Practice Standard 578, Headwalls and other referenced codes.

M Parkhill, Smith & Cooper, Inc.
Engineers = Architects = Planners




Appendix D

Rock Riprap Outlet Protection

December 2006

PSC Project # 01292604

Certification: Al components comply with the design requirements set forth in the Statement of
Work, Texas NRCS Conservation Practice Standard 578, Headwalls and other referenced codes.

Parkhill, Smith & Cooper, Inc.
Engineers » Architects » Planners
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I certify to the best of my knowledge that Texas Standard drawings:

TX-EN-0500 Headwalls with Timbers and Steel Pipe Piles
6 foot maximum height
Sheets 4 of 5 and 5 of §

TX-EN-0501 Headwalls with Timbers and Steel Pipe Piles
11 foot maximum height
Sheets 4 of 5 and 5 of §

TX-EN-0502 Headwalls with Timbers and Steel Pipe Piles
16 foot maximum height
Sheets 4 of 5 and 5 of §

meet the design requirements in the Statement of Work for Standard Drawing for Headwalls,
USDA-NRCS Task Order 43-7442-4-1080, and Texas NRCS Conservation Practice Standard and
Specifications, 578, Headwails and other referenced codes.

\.\\.\"“
I% %

Parkhiil, Smith & Cooper, Inc.
Enginsers w Architects = Planners

4222 85" Street, Lubbock, Texas 79423
(B0€) 473-2200 FAX (806) 473-3500

tubbock El Paso Midiand Amarillo Odessa



Rock Riprap Outlet Protection
December 2006
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Rock Riprap Outlet Protection
December 2006

PURPOSE

This engineering report documents the design procedure for optional rock riprap headwall used
downstream of steel pipe pile headwalls. Channel instability can develop downstream from
culvert outlets due to localized erosion known as a scour hole. Scour hole or localized erosion
can occur even if the downstream channel is stable. The severity of damage to be anticipated
depends upon the conditions existing or created at the outlet. In many situations, flow conditions
can produce scour resulting in embankment erosion as well as structural damage to the headwall
or culvert. A flat rock riprap apron can be used to prevent erosion at the transition from a pipe or
box culvert to a natural channel.

OVERVIEW

The downstream optional rock riprap is briefly described as follows:

Placed rock riprap at the end of the outlet having sufficient average size of stone and
configuration of a horizontal blanket to control or prevent localized scour downstream of an
outlet. Protection is provided primarily by having sufficient length and flare to dissipate energy
by expanding the flow. Riprap aprons are appropriate when the culvert outlet Froud Number is
less than or equal to 2.5.

Froude number - A unit less mathematical expression used to describe a flow field.
Froude numbers greater than or equal to 1 are supercritical, less than 1 are subcritical.
The equation for Froude number is

2
FV?
gh
where

F = the Froude number
V = the fluid velocity
g = gravity

h = fluid depth

SOIL PROPERTIES

Parkhill, Smith & Cooper, Inc. (PSC) assumed outlet conditions of non-cohesive sandy soils, 145
pounds per cubic foot (pcf) for the unit weight of soil.

PARKHILL, SMITH & COOPER, INC. Page - 1 01292604



Rock Riprap Outlet Protection
December 2006

TAILWATER CONDITIONS, DISCHARGE, CULVERT DIMENSIONS AND CASES

General

PSC researched available literature for design criteria and design methods for rock riprap.
Two publications provided good technical information and procedures which PSC
incorporated to prepare this engineering report and the standard drawing. The Georgia
Stormwater Management Manual, Section 4.5, Energy Dissipation Design included good
design guidelines and procedures and even referenced 1975 USDA SCS nomographs for
stone riprap sizing and apron length. PSC could not locate the original SCS source.
However, PSC incorporated the procedures and conditions documented in the Georgia
Stormwater Management Manual. The second publication, TM 5-820-3, AFM 88-5, Chap.
3, Drainage and Erosion-Control for Structures for Airfields and Heliports, June 1991, also
contains similar design criteria and procedures with the added benefit of design formulas.
Both references are reproduced in this design report in the appendix.

Tailwater Conditions

Both references used by PSC included two conditions for downstream culvert tailwater
levels, one for minimum and one for maximum tailwater conditions. Generally, if the
tailwater is less than one half the discharge flow depth (pipe diameter if flowing full),
minimum tailwater conditions exist. Otherwise, maximum tailwater conditions exist.

Discharge and Culvert Dimensions

PSC examined full pipe discharges resulting from various culvert diameters on varying
slopes.

Culvert Diameters: 127, 18", 24”7, 30”, 36”, 42”, 48", 54” and 60”
Culvert Slopes: 0.010 feet/foot to 0.10 feet per foot in 0.01 feet/foot increments
Manning’s Coefficient: 0.024 representing corrugated metal pipe

PSC used Haestad Methods, Inc., software, “FlowMaster” to calculate the discharge of these
culverts sizes and slopes. The software printouts are include the appendix. A summary of
the results is as follows:

Rating Table for Circular Channel — Full Pipe Flow
| Discharge (cfs)

Channel Slope ” ” ” ” ” ” ” ”
(R 127 18”7 24" [30” 367 42" 48" 54

0.01 (193 569 122 222 36.1 545 77.8 107 141

002273 805 173 314 511 77.1 110 151 200
0.03[3.34 985 212 385 626 944 135 185 244
0.04 386 114 245 444 722 109 156 213 282

PARKHILL, SMITH & COOPER, INC. Page - 2 01292604



Rock Riprap Outlet Protection
December 2006

Rating Table for Circular Channel — Full Pipe Flow
| Discharge (cfs)

Channel Slope ” ” " ” ” ” ” ”
(D) 127 18”7 24" [30” 367 42" 48" 54

0.05(432 127 274 49.7 80.8 122 174 238 315

0.06 (473 139 30.0 544 885 133 191 261 346
0.07 (511 150 324 588 956 144 206 282 373
0.08 546 16.1 347 628 102 154 220 301 399
0.09 (579 171 36.8 66.6 108 163 233 320 423
0.10 [ 6.10 18.0 38.8 70.2 114 172 246 337 446

DESIGN PROCEDURES

The average size of stone (dsp) and configuration of a horizontal blanket of stone riprap at the
outlet invert elevation required to control or prevent localized scour downstream can be
estimated using formulas developed by TM 5-820-3. PSC considered two tailwater conditions,
Y% full flow depth and full flow depth, which represents minimum tailwater conditions and
maximum tailwater conditions.

Minimum Average Size of Stone (dsp)
For a given discharge, culvert dimensions, and tailwater depth relative to the outlet invert, the

minimum average size of stone (dsp) for a horizontal blanket of protection can be determined
using the following formula:

2 4/3
deo Do C(&J
D

5/2
0

where

dso = diameter of average size stone (feet)

D, = diameter of circular culverts (feet)

C = coefficient = 0.020 for horizontal blanket

TW = tailwater depth above invert of culvert outlet (feet)

Q = discharge (cubic feet per second, cfs)

The maximum stone diameter (Dmax) Should be 1.5 times dso in a well graded riprap apron.
The riprap thickness should be 1.5 times the maximum stone diameter or 6 inches, whichever
is greater. Apron thickness can be reduced to 1.5 times dsp when an appropriate filter fabric
is used under the apron. PSC recommends using the filter fabric.

PARKHILL, SMITH & COOPER, INC. Page - 3 01292604



Rock Riprap Outlet Protection
December 2006

Length of Stone Protection (Lsp)
The length of stone protection can be determined by the following formulas;

For TW less than % D, (Minimum Tailwater Condition)

Q
L, = 1.8D0( S |t

where

Ls, = length of stone protection (feet)

D, = diameter of circular culverts (feet)

Q = culvert discharge (cubic feet per second, cfs)

For TW equal to or greater than D, (Maximum Tailwater Condition)

Q
LSp = 3D0( Do5/2 J

where

Ls, = length of stone protection (feet)
D, = diameter of circular culverts (feet)
Q = culvert discharge (cubic feet per second, cfs)
As a check, PSC calculated the Froude number for each culvert discharge. When the Froude

number exceeded 2.5, the tabular values were shaded grey. These values are not
recommended.

PARKHILL, SMITH & COOPER, INC. Page - 4 01292604



Rock Riprap Outlet Protection
December 2006

Horizontal Blanket Configuration

The recommended configuration of the horizontal blanket is shown in the following figure.
The width of the stone protection (Wsp) is a function of the culvert diameter and Lg, as
follows:

For TW less than % D, Minimum Tailwater Condition)

W, =3D, + L

where

W, = width of stone protection

D, = diameter of circular culverts (feet)

Ls, = length of stone protection (feet)

For TW equal to or greater than D, (Maximum Tailwater Condition)

2L,
W,, =3D, +—=
5

where
W, = witdth of stone protection
D, = diameter of circular culverts (feet)

Ls, = length of stone protection (feet)

DESIGN SUMMARY

Based on the above design procedures PSC prepared tables for each of the nine culvert diameters
(Do), the ten different flows (Q) and the two tailwater conditions, for a total of 18 tables. These
tables are included in this engineering report in Appendix A. While these tables can be used to
select the rock riprap dimensions and quantities, the intent of a standard drawing is to simplify
and standardize the dimensions. PSC reviewed the tabular data to determine an appropriate
method to simplify and standardize the rock riprap apron dimensions and properties. Minimum
tailwater conditions generally require the larger rock size (dsp) and wider aprons (Wsp).
Maximum tailwater conditions generally require longer apron lengths (Ls). PSC also noted
there were fewer changes in dimensions at the lower flow regimes. Considering that a Froude
number less than 1 indicates subcritical flow, and that riprap aprons are appropriate when culvert
outlet Froude Number is less than 2.5, PSC prepared a comparison table for the varying culvert
dimensions based on a Froude Number of 1 and 2.5. PSC followed the same procedures and

PARKHILL, SMITH & COOPER, INC. Page - 5 01292604



Rock Riprap Outlet Protection
December 2006

used the same formulas to develop two tables, one for minimum tailwater conditions and one for
maximum tailwater conditions. Using the results of these two tables, PSC selected the larger
value from the two tables for rock size (dso), apron length (Lsp) and apron width (Ws). These
values then become the basis for the standard drawing and bill of materials.

Flow
Do |||

Culvert \\wa\ j Headwall

Rock
Riprap

BILL OF MATERIALS

Stone Riprap Dimensions and Quantities

Using the standardized dimensions, PSC developed spreadsheets to document the
dso (minimum average diameter of stone), Ls, (length of stone protection) and width (Wsp).
dso is rounded up to the nearest inch. Ls, and Wj, are rounded to the nearest foot. Based on
these dimensions, the spreadsheet calculates the stone riprap volumes in cubic yards and tons
based on a stone density of 165 pounds per cubic foot. The spreadsheet also includes the
filter fabric quantities.

PARKHILL, SMITH & COOPER, INC. Page - 6 01292604



Rock Riprap Outlet Protection
December 2006
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4.5

ENERGY DISSIPATION
DESIGN

4.5.1 Overview

4.5.1.1 Introduction

The outlets of pipes and lined channels are points of critical erosion potential. Stormwater that is
transported through man-made conveyance systems at design capacity generally reaches a
velocity that exceeds the capacity of the receiving channet or area to resist erosion. To prevent
scour at stormwater outlets, protect the outlet structure and minimize the potential for downstream
erosion, a flow transition structure is needed to absorb the initial impact of flow and reduce the
speed of the flow to a non-erosive velocity.

Energy dissipators are engineered devices such as rip-rap aprons or concrete baffles placed at the
outlet of stormwater conveyances for the purpase of reducing the velocity, energy and turbulence
of the discharged flow,

4.5.1.2 General Criteria

» Erosion problems at culvert, pipe and engineered channet outlets are common, Determination
of the flow conditions, scour potential, and channel erosion resistance shall be standard
procedure for all designs.

* Energy dissipators shall be employed whenever the velocity of flows leaving a stormwater
management facility exceeds the erosion velocity of the downstream area channe! system.

* Energy dissipator designs will vary based on discharge specifics and tailwater conditions.

+ Outlet structures should provide uniform redistribution or spreading of the fiow without
excessive separation and turbulence.

4.5.1.3 Recommended Energy Dissipators
For many designs, the following outlet protection devices and energy dissipators provide sufficient
protection at a reasonabie cost;
¢ Riprap apron
+ Riprap outlet basins
» Baffled outlets
This section focuses on the design on these measures. The reader is referred to the Federal

Highway Administration Hydraulic Engineering Circular No. 14 entitled, Hydraulic Design of Energy
Dissipators for Culverts and Channels, for the design procedures of other energy dissipators.
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4.5.2 Symbols and Definitions

To provide consistency within this section as well as throughout this Manual, the symbols listed in
Table 4.5-1 will be used. These symbols were selected because of their wide use. In some
cases, the same symbol is used in existing publications for more than one definition. Where this
occurs in this section, the symbol will be defined where it occurs in the text or equations.

Table 4.5-1 Symbols and Definitions

Symbol

A
D

dsg

Definition

Cross-sectional area
Height of box culvert
Size of riprap

Culvert width
Froude Number

Acceleration of gravity
Depth of dissipator pool

Length

Riprap apron length
Overall length of basin
Length of dissipator pool

Plasticity index
Rate of discharge

Saturated shear strength
Time of scour
Critical tractive shear stress

Tailwater depth
Velocity L feet from brink

Normai velocity at brink
Outlet mean velocity

Volume of dissipator pool
Diameter or width of culvert
Width of dissipator pool
Hydraulic depth at brink
Normal flow depth at brink

lbs/ine
min.
Ibs/in?

ft
fi/s

ft/s
ftis

ftl

== e B

4.5.3 Design Guidelines

(1) If outlet protection is required, choose an appropriate type. Suggested outlet protection
facilities and applicable flow conditions (based on Froude number and dissipation velocity) are

described below:

a.

Riprap aprons may be used when the outlet Froude number (Fr) is less than or equal to
2.5. In general, riprap aprons prove economical for transitions from culverts to
overland sheet flow at terminal outlets, but may also be used for transitions from culvert
sections to stable channel sections. Stability of the surface at the termination of the
apron should be considered.

4.5-2 Georgia Stormwater Management Manual
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b.  Riprap outlet basing may also be used when the outlet Fr is less than or equal to 2.5.
They are generally used for transitions from culverts to stable channels. Since riprap
outlet basins function by creating a hydraulic jump to dissipate energy, performance is
impacted by tailwater conditions.

¢.  Baffled outlets have been used with outlet velocities up to 50 feet per second. Practical
application typically requires an outlet Fr between 1 and 9. Baffled outlets may be used
at both terminal outtet and channel outlet transitions. They function by dissipating
energy through impact and turbulence and are not significantly affected by tailwater
conditions.

(2) When outlet protection facilities are selected, appropriate design flow conditions and site-
specific factors affecting erosion and scour potential, construction cost, and long-term
durability should be considered.

(3) Ifoutlet protection is not provided, energy dissipation will occur through formation of a local
scourhoie. A cutoff wall will be needed at the discharge outlet to prevent structura
undermining. The wall depth should be slightly greater than the computed scourhoie depth,
hg. The scourhole should then be stabilized. If the scourhole is of such size that it will present

maintenance, safety, or aesthetic problems, other outlet protection will be needed.

(4) Evaluate the downstream channel stability and provide appropriate erosion protection if
channel degradation is expected to occur. Figure 4.5-1 provides the riprap size recommended
for use downstream of energy dissipators.
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4.5.4 Riprap Aprons

4.5.4.1 Description

A riprap-lined apron is a commonly used practice for energy dissipation because of its refatively
low cost and ease of instaliation. A flat riprap apron can be used to prevent erosion at the
transition from a pipe or box culvert outlet to a natural channel. Protection is provided primarily by
having sufficient iength and flare to dissipate energy by expanding the flow. Riprap aprons are
appropriate when the culvert outlet Fr is less than or equal to 2.5.

4.5.4.2 Design Procedure

The procedure presented in this section is taken from USDA, SCS (1975). Two sets of curves,
one for minimum and one for maximum tailwater conditions, are used to determine the apron size
and the median riprap diameter, dgg. If tailwater conditions are unknown, or if both minimum and
maximum conditions may occur, the apron should be designed to meet criteria for both. Although
the design curves are based on round pipes flowing full, they can be used for partially fuil pipes
and box culverts. The design procedure consists of the following steps:

{Step 1) If possible, determine tailwater conditions for the channel. If tailwater is less than one-
haif the discharge flow depth {pipe diameter if flowing full), minimum tailwater conditions
exist and the curves in Figure 4.5-2 apply. Otherwise, maximum tailwater conditions
exist and the curves in Figure 4.5-3 should be used.

(Step 2} Determine the correct apron length and median riprap diameter, d5, using the
appropriate curves from Figures 4.5-2 and 4.5-3. If tallwater conditions are uncertain,
find the values for both minimum and maximum conditions and size the apron as shown
in Figure 4.5-4,

a. For pipes flowing full:

Use the depth of flow, d, which equals the pipe diameter, in feet, and design discharge,
in cfs, to obtain the apron length, L, and median riprap diameter, dsp, from the
appropriate curves.

b. For pipes flowing partially full:

Use the depth of flow, d, in feet, and velocity, v, in ft/s. On the lower portion of the
appropriate figure, find the intersection of the d and v curves, then find the riprap median
diameter, dsq, from the scale on the right. From the lower d and v intersection point,

move vertically to the upper curves until intersecting the curve for the correct fiow depth,
d. Find the minimum apron length, L from the scale on the left.

c. For box culverts:

Use the depth of flow, d, in feet, and velocity, v, in feet/second. On the lower portion of
the appropriate figure, find the intersection of the d and v curves, then find the riprap
median diameter, dgp, from the scale on the right. From the lower d and v intersection

point, move vertically to the upper curve until intersecting the curve equal to the flow
depth, d. Find the minimum apron length, L5, using the scale on the left.

(Step 3) if tailwater conditions are uncertain, the median riprap diameter should be the larger of
the values for minimum and maximum conditions. The dimensions of the apron will be
as shown in Figure 4.5-4. This will provide protection under either of the tailwater
conditions.
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Figure 4.5-4 Riprap Apron
(Source: Manual for Erosion and Sediment Control in Georgia, 1996)
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4.5.4.3 Design Considerations
The following items shoutld be considered during riprap apron design:

The maximum stone diameter should be 1.5 times the median riprap diameter.
Oy = 1.5 X dsg , dso = the median stone size in 2 well-graded riprap apron.

The riprap thickness should be 1.5 times the maximum stone diameter or 6 inches, whichever
is greater. Apron thickness = 1.5 X dpax

{Apron thickness may be reduced to 1.5 x ds; when an appropriate filter fabric is used under
the apron.)

The apron width at the discharge outiet should be at least equal to the pipe diameter or culvert
width, d,. Riprap should extend up both sides of the apron and around the end of the pipe or
culvert at the discharge outlet at a maximum slope of 2:1 and a height not less than the pipe
diameter or culvert height, and should taper to the flat surface at the end of the apron.

If there is a well-defined channel, the apron length should be extended as necessary so that
the downstream apron width is equal to the channel width. The sidewails of the channel
should not be steeper than 2:1.

If the ground slope downstream of the apron is steep, channei erosion may occur. The apron
should be extended as necessary until the slope is gentle enough to prevent further erosion.

The potential for vandalism should be considered if the rock is easy to carry. If vandalism is a
possibiiity, the rock size must be increased or the rocks held in place using concrete or grout.

4.5.4.4 Example Designs
Exampte 1 Riprap Apron Design for Minimum Tailwater Conditions

A flow of 280 cfs discharges from a 66-in pipe with a tailwater of 2 ft above the pipe invert. Find
the required design dimensions for a riprap apron.

(1) Minimum tailwater conditions = 0.5 dg, d, = 66 in = 5.5 ft; therefore, 0.5 dg =275 11,

(2} Since TW = 2 ft, use Figure 4.5-2 for minimum tailwater conditions.

(3) By Figure 4.5-2, the apron length, L5, and median stone size, dgp, are 38 ftand 1.2 ft,
respectively.

{4) The downstream apron width equals the apron fength plus the pipe diameter:
W=d+L;=55+38=435ft

{6) Maximum riprap diameter is 1.5 times the median stone size:
1.5(dgp)=15(1.2)=181

(6) Riprap depth = 1.5 (dmgx) = 15(1.8)=2.7f,
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Example 2 Riprap Apron Design for Maximum Tailwater Conditions

A concrete box culvert 5.5 ft high and 10 ft wide conveys a flow of 600 cfs at a depth of 5.0 ft.
Tailwater depth is 5.0 ft above the culvert outlet invert. Find the design dimensions for a riprap
apron,

{1) Compute 0.5d5=05(5.0)=2.51t

(2) Since TW = 5.0 ftis greater than 2.5 ft, use Figure 4.5-3 for maximum tailwater conditions.
v = Q/A = [600/(5) (10)] = 12 ft/s

(3) On Figure 4.5-3, at the intersection of the curve, dy = 60inand v = 12 ft/s, dgg = 0.4 ft.
Reading up to the intersection with d = 60 in, find Ly = 40 ft.
(4) Apron width downstream =d,, + 0.4 L, =10 + 0.4 (40) = 26 fi.

(5) Maximum stone diameter =1.5d5 = 1.5(0.4) = 0.6 ft.

(6) Riprap depth = 1.5 dpax = 1.5(0.6) =09 ft.

4.5.5 Riprap Basins

4.5.5.1 Description

Another method to reduce the exit velocities from stormwater outlets is through the use of a riprap
basin. A riprap outlet basin is a preshaped scourhole lined with riprap that functions as an energy
dissipator by forming a hydraulic jump.

4.5.5.2 Basin Features
General details of the basin recommended in this section are shown in Figure 4.5-5. Principal
features of the basin are:

» The basin is preshaped and lined with riprap of median size {dsq).

* The floor of the riprap basin is constructed at an elevation of hg below the culvert invert. The
dimension hg is the approximate depth of scour that would occur in a thick pad of riprap of size
dgg if subjected to design discharge. The ratio of hg to dgg of the material should be between
2and 4.

+ The length of the energy dissipating poo! is 10 x hg or 3 x W, whichever is larger. The overall
length of the basin is 15 x hg or 4 x W, whichever is larger.

4.5.5.3 Deslgn Procedure
The following procedure should be used for the design of riprap basins.

(Step 1) Estimate the flow properties at the brink (outiet) of the culvert. Establish the outlet invert
elevation such that TW/y, < 0.75 for the design discharge.
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(Step 2)

(Step 3)

(Step 4)

{Step 5)

(Step 6)

{Step 7)

For subcritical low conditions (culvert set on mild or horizontal slope) use Figure 4.5-6
or Figure 4.5-7 to obtain y,/D, then obtain V, by dividing Q by the wetted area

associated with y,. D is the height of a box culvert. If the culvert is on a steep slops, Vo

will be the normal velocity obtained by using the Manning equation for appropriate slope,
section, and discharge.

For channel protection, compute the Froude number for brink conditions with Yo =

(N2)1~5. Select dsg/yg appropriate for locally available riprap (usually the most
satisfactory resuits will be obtained if 0.25 < dsgfyg < 0.45). Obtain hyfy, from Figure
4.5-8, and check to see that 2 < hg/dsg < 4. Recycle computations if hg/dsg falls out of
this range.

Size basin as shown in Figure 4.5-5.
Where allowable dissipator exit velocity is specified:

a. Determine the average normal flow depth in the natural channel for the design
discharge.

b. Extend the length of the energy basin (if necessary) so that the width of the energy
basin at section A-A, Figure 4.5-5, times the average normal flow depth in the
natural channel is approximately equal to the design discharge divided by the
specified exit velocity.

In the exit region of the basin, the walls and apron of the basin should be warped (or
transitioned} so that the cross section of the basin at the exit conforms to the cross
section of the natural channel. Abrupt transition of surfaces should be avoided to
minimize separation zones and resultant addies,

If high tailwater is a possibility and erosion protection is necessary for the downstream
channel, the following design procedure is suggested:

+ Design a conventional basin for low tailwater conditions in accordance with the
instructions above.

+ Estimate centerline velocity at a series of downstream cross sections using the
information shown in Figure 4.5-9,

» Shape downstream channel and size riprap using Figure 4.5-1 and the stream
velacities obtained above.

Material, construction technigues, and design details for riprap should be in accordance with
specifications in the Federal Highway pubtication HEC No. 11 entitted Use of Riprap For Bank
Protection.
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TM 5-820-3/AFM 88-5, Chap. 3

CHAPTER 5
STORM DRAINS AND CULVERTS

5-1. General.

The storm-drain system should have sufficient ca-
pacity to convey runoff from the design storm
within the barrel of the conduit. Hydraulic design of
the storm-drain system is discussed in TM 5-820-
4/AFM 88-5 chapter 4. A drainage culvert is a
relatively short conduit used to convey flow
through a roadway embankment or past some other
type of flow obstruction, Culverts are constructed
from a variety of materials and are available in
many different shapes and configurations. Culvert
hydraulics and diagrams, charts, coefficients, and
related information useful in design of culverts are
shown in TM 5-820-4/AFM 88-5 chapter 4.

5-2. Headwalls and endwalls.

a. The normal functions of a headwall or wing-
wall are to recess the inflow or outflow end of the
culvert barrel into the, fill slope to improve en-
trance flow conditions, to anchor the pipe and to
prevent disjointing caused by excessive pressures,
to control erosion and scour resulting from exces-
sive velocities and turbulences, and to prevent ad-
Jacent soil from sloughing into the waterway open-
ing.

b. Headwalls are particularly desirable as a
cutoff to prevent saturation sloughing, piping, and
erosion of the embankment. Provisions for drainage
should be made over the center of the head-wali to
prevent scouring along the sides of the walls.

c. Whether or not a headwall is desirable de-
pends on the expected flow conditions and em-
bankment stability. Erosion protection such as
riprap or sacked concrete with a sand-cement ratio
of 9:1 may be required around the culvert entrance
if a headwall is not used.

d. In the design of headwalls some degree of en-
trance improvement should always be considered.

The most efficient entrances would incorporate one
or more of such geometric features as elliptical
arcs, circular arcs, tapers, and parabolic drop-down
curves. Elaborate inlet design for a culvert would
be justifiable only in unusual circumstances. The
rounding or beveling of the entrance in almost any
way will increase the culvert capacity for every
design condition. These types of improvements
provide a reduction n the loss of energy at the
entrance for little or no additional cost.

e. Entrance structures (headwalls and wing-
walls) protect the embankment from erosion and, if
properly designed, may improve the hydraulic
characteristics of the culvert. The height of these
structures should be kept to the minimum that is
consistent with hydraulic, geometric, and structural
requirements. Several entrance structures are
shown in figure 5-1. Straight headwalls (fig 5-la)
are used for low to moderate approach velocity,
light drift (small floating debris), broad or unde-
fined approach channels, or small defined channels
entering culverts with little change in alignment.
The "L" headwall (fig 5-Ib) is used if an abrupt
change in flow direction is necessary with low to
moderate velocities. Winged headwalls (fig 5-1¢)
are used for channels with moderate velocity and
medium floating debris. Wingwalls are most
effective when set flush with the edges of the cul-
vert barrel, aligned with stream axis (fig 5-id) and
placed at a flare angle of 18 to 45 degrees. Warped
wingwalls (not shown) are used for well-defined
channels with high-velocity flow and a free water
surface. They are used primarily with box culverts.
Warped headwalls are hydraulically efficient
because they form a gradual transition from a
trapezoidal channel to the barrel. The use of a
drop-down apron in conjunction with these wing-
walls may be particularly advantageous.

5-1
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Figure 5-9. Dimensionless scour hole geometry for maximum tatlwater.

5-4. FErosion control at outlet.

There are various methods of preventing scour and
erosion at outlets and protecting the structure from
undermining. Some of these methods will be
discussed in subsequent paragraphs.

a. In some situations placement of riprap at the
end of the outlet may be sufficient to protect the
structure. The average size of stone (d,,) and con-
figuration of a horizontal blanket of riprap at outlet
invert elevation required to control or prevent
localized scour downstream of an outlet can be

estimated using the information in figures 5-10 to
5-12. For a given design discharge, culvert di-
mensions, and tailwater depth relative to the outlet
invert, the minimum average size of stone (d.,) for
a horizontal blanket of protection can be
determined using data in figure 5-10. The length of
stone protection (LSP) can be determined by the
relations shown in figure 5-11. The variables are
defined in appendix E, and the recommended con-
figuration of the blanket is shown in figure 5-12.
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b.  The relative advantage of providing both ver-
tical and lateral expansion downstream of an outlet
to permit dissipation of excess kinetic energy in
turbulence, rather than direct attack of the
boundaries, 1s shown in figure 5-10. Figure 5-10
indicates that the required size of stone may be

5-14

reduced considerably if a riprap-lined, preformed
scour hole 1s provided, instead of a horizontal blan-
ket at an elevation essentially the same as the outlet
mvert. Details of a scheme of riprap protection
termed "performed scour hole lined with riprap”
are shown n figure 5-13.
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Table
Rating Table for Circular Channel

Project Description

Project Fiie ciihaestadiacademic\fmwifull pip.fm2
Worksheet 12" CMP

Flow Element Circutar Channel

Method Manning's Formula

Solve For Discharge

Constant Data
Mannings Coefficient 0.024

Depth 1.00 ft
Diameter 12.00 in
Input Data
Minimum Maximum Increment
Channel Slope 0.010000 0.100000 0.010000 ft/ft
Rating Table
Channel
Slope Discharge Velocity
(f/ft) {cfs) (ft/s)

0.010000 1.93 2.46

0.020000 273 3.47

0.030000 3.34 4.26

0.040000 3.86 4,91

0.050000 4.32 5.49

0.060000 4.73 6.02

0.070000 511 6.50

0.080000 546 6.95

0.080000 5.79 7.37

0.100000 6.10 7.77

01/21/06 Academic Edition FlowMaster v5.17

11:07:52 AM Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 06708 {203} 755-1668 Page 1 of 1



Table
Rating Table for Circular Channel

Project Description

Project File
Worksheet
Flow Element
Method
Solve For

c:\haestadiacademic\imwifull pip.fm2
18" CMP

Circular Channel

Manning's Formula

Discharge

Constant Data

Mannings Coefficient 0.024

Depth 1.50 ft
Diameter 18.00 in
Input Data
Minimom Maximum Increment
Channel Slope 0.010000 0.100000 0.010000 #/ft

Rating Table
Channel
Slope Discharge Velocity
{ft/ft) {cfs) (fi/s)
0.010000 5.69 3.22
0.020000 8.05 4.55
0.030000 9.85 5.58
0.040000 11.38 6.44
0.050000 12.72 7.20
0.060000 13.94 7.89
0.070000 156.05 8.52
0.080000 16.09 9.11
0.080000 17.07 9.66
0.10G000 17.99 10.18
01/21/06 Academic Edition FlowMaster v5.17
14:35:16 AM Haestad Mathods, Inc. 37 Brookside Road Waterbury, CT 06708 (203} 755-1666 Page 1 of 1



Table
Rating Table for Circular Channe!

Project Description

Project File cihhaestad\academic\fmw\full pip.frm2
Worksheet 24" CMP

Fiow Element Circular Channel

Method Manning's Formula

Solve For Discharge

Constant Data

Mannings Coefficient 0.024

Depth 2.00 ft
Diameter 24.00 in
Input Data
Minimum Maximum Increment
Channel Slope 0.010000 0.100000 0.010000 fi/it
Rating Table
Channel
Slope Discharge Velocity
{ft/ft) {cfs) {ft/s)
0.010000 12.25 3.90
0.020000 17.33 552
0.030000 21.22 6.76
0.040000 24.51 7.80
0.050000 27.40 8.72
0.080000 30.01 9.55
0.070000 32.42 10.32
0.080000 34.66 11.03
0.080000 36.76 11.70
0.100000 38.75 12.33

Q1721706
11:36:18 AM

Academic Editicn

Haestad Methods, tnc. 37 Brookside Read  Waterbury, CT 06708

{203} 755-1666

FiowMaster v56.17
Page 1 of 1



Table
Rating Tabie for Circular Channel

Project Description

Project File c:thaestad\academicfmwifull pip.fm2
Worksheet 30" CMP

Flow Element Circular Channel

Method Manning's Formula

Solve For Discharge

Constant Data

Mannings Coefficient 0.024

Depth 2.50 ft
Diameter 30.00 in
Input Data
Minimum Maximum increment
Channel Slope 0.010000 0.106000 0.010000 ft/ft
Rating Table
Channel
Slope Discharge Velocity
{ft/ft) {cfs) {ft/s)
0.010000 22.22 4.53
0.020000 31.42 6.40
0.030000 38.48 7.84
0.040000 44 43 9.05
0.050000 49.68 10.12
0.060000 5442 11.09
0.070000 58.78 11.97
0.080000 62.84 12.80
0.080000 66.65 13.58
0.100000 70.25 14.31

01/21/08
11:37:01 AM

Academic Edition

Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708

(203) 7551666

FlowhMaster v5.17
Page 1 of 1



Table
Rating Table for Circular Channel

Project Description

Project File ci\haestad\academic\imwifull pip.fm2
Worksheet 36" CMP

Flow Element Circutar Channel

Method Manning's Formula

Solve For Discharge

Constant Data

Mannings Coefficient 0.024
Depth 3.00 #
Diameter 36.00 in
Input Data
Minimum Maximum Increment
Channel Slope 0.010000 0.100000 0.010000 ft/ft
Rating Table
Channel
Slope Discharge Velocity
{ft/ft) {cfs) {fi/s)

0.010000 36.13 511

0.020000 51.09 7.23

0.030000 62.57 £8.85

0.040000 72.25 10.22

0.050000 80.78 11.43

0.060000 88.49 12.52

0.070000 85.58 13.52

0.080000 102.18 14,46

0.090000 108.38 16.33

0.100000 114.24 16.16

01/21/08 Academic Edition FiowMaster v5. 17

11:37°40 AM Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708  (203) 755-1666 Page 1 of 1



Table
Rating Table for Circular Channel

Project Description

Project File chhaestadiacademic\frmwifull pip.fr2
Worksheet 42" CMP

Flow Element Circular Channel

Method Manning's Formuia

Sclve For Discharge

Constant Data

Mannings Coefficient 0.024

Depth 350 H
Diameter 4200 in
Input Data
Minimum Maximum Increment
Channel Slope (.010000 0.100000 0.010000 ft/ft

Rating Table
Channel
Siope Discharge Velocity
{fU/ft) (cfs) {fi/s)
0.010000 54.49 5.66
0.020000 77.07 8.1
0.030000 94.39 9.81
0.040000 108.99 11.33
0.050000 121.85 12.67
0.060000 133.48 13.87
0.070000 144.18 14.99
(.080000 154.13 16.02
0.090000 163.48 16.99
0.100000 172.33 17.91
01/21/06 Academic Edition FlowMaster v5.17
11:38:43 A Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 (203) 7551666 Page 1 of 1



Table
Rating Table for Circular Channel

Project Description

Project File ¢thaestadiacademic\fmwiull pip.fm2
Worksheet 48" CMP

Flow Elemeant Circular Channel

Method Manning's Formula

Solve For Discharge

Constant Data

Mannings Coefficient 0.024

Depth 4.00 ft
Diameter 48,00 in
Input Data
Minimum Maximum Increment
Channel Slope 0.010000 0.100000 0.010000 ft/ft
Rating Table
Channel
Slope Discharge Velocity
(ft/ft) (cfs) {ft/s)

0.310000 77.80 6.19

0.020000 110.03 8.76

0.030000 134.76 10.72

0.040000 155.61 12.38

0.050000 173.97 13.84

0.060000 190.58 15.17

0.070000 205.85 16.38

0.080000 220.06 17.51

0.090000 233.41 18.57

0.100000 246.03 19.58

01721106 Academic Edition

11:39:29 AM Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708

(203) 755-1666

FlowMaster v6.17
Page 1 of 1



Table
Rating Table for Circular Channel

Project Description

Project File c:\haestadvacademic\fmwifull pip.fm2
Worksheet 54" CMP

Flow Eferment Circular Channel

Method Manning’s Formula

Solve For Discharge

Constant Data

Mannings Coefficient 0.024

Depth 450 ft
Diameter 54.00 in
Input Data
Minimum Maximum Increment
Channel Slope 0.010000 0.100000 0.010000 ft/ft
Rating Table
Channel
Slope Discharge Velocity
{ft/ft) {cfs) {ft/s)

0.010000 106.51 6.70

0.020000 150.63 9.47

0.030000 184 .49 11.60

0.040000 213.02 13.38

0.050000 238.17 14.98

0.080000 260.90 16.40

0.070000 281.81 17.72

0.080000 301.26 18.94

0.090000 319.54 20.09

0.100000 336.82 21.18

01/21/06 Academic Edition

1%:40:10 AM

Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708

{203) 755-1666

FlowMaster v5.17
Page 1 of 1



Table
Rating Table for Circular Channel

Project Description

Project File c:\haestad\academicifmwAfull pip.fm2
Worksheet 60" CMP

Flow Element Circular Channel

Method Manning's Formula

Solve For Discharge

Constant Data

Mannings Coefficient 0.024

Depth 500 #
Diameter 60.00 in
Input Data
Minimum Maximum Increment
Channel Slope £.010000 0.100000 0.010000 fi/ft
Rating Table
Channel
Slope Discharge Velocity
(fi/ft) {cfs) (f/s)

0.010000 141.07 7.18

0.020000 199.50 10.16

0.030000 244.33 12.44

0.040000 282.13 14.37

0.050000 31543 16.06

0.060000 345.54 17.60

0.070000 373.22 15.01

0.080000 398.99 20.32

0.090000 423.20 21.55

0.100000 446.09 2272

01/21/06 Acaderric Edition

11:40:58 AM Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708

(203) 755-1666

FlowMaster v5.17
Page 1 of 1
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