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Chapter 2 : HEC 15
A

Background

Go to Chapter 3

Considerable development and research have been done on rigid and flexible channel linings.
Prior to the late 1960's, natural materials were predominantly used to stabilize channels.
Typical materials included rock riprap, stone masonry, concrete, and vegetation. Since that
time a wide variety of manufactured and synthetic channel linings applicable to both permanent
and temporary channel stabilization have been introduced. Relativel e data on hydraulic
performances of these materials are available compared to the variety aterials produced.
Work is continuing on comparing hydraulic performances, material i nt, and new
material development.

Lining Types

Because of the large number of channel stabilization mat&i ly available, it is useful to
classify these materials based on their perforﬁn ristics. Lining types are classified
as rigid, such as concrete, or flexible, such as ve@gtati ck riprap. Flexible linings are

further classified as temporary or permanent. Lini aterialS are classified as follows:

1. Rigid Linings:

Cast-in-place concrete
Cast-in-place asphalt concr
Stone masonry

Soil cement

Fabric form work sys
Grouted rip

for

2. Flexible linings
Permanent

Riprap
Wire-enclosed Mprap
Vegetation lining
Gravel

Temporary

Bare soil

Straw with net

Curled wood mat

Jute, paper, or synthetic net



Synthetic mat
Fiberglass roving.

Performance Characteristics

Rigid Linings
Rigid linings (Figure 1) are useful in flow zones where high shear stress or

non-uniform flow conditions exist, such as at transitions in channel shape or at an
energy dissipation structure. In areas where loss of water or seggage from the
channel is undesirable, they provide an impermeable lining. SinC&@igid linings are

tions are poor. Once a rigid linings

up and deteriorate if
[ it tible to erosion because the large, flat, broken slabs

deteriorate

ssive soil pore water pressures. Freeze thaw and swelling soils
exert upward for against the lining and the cyclic nature of these conditions can
eventually cause Wilure. Excessive soil pore pressure occurs when the flow levels
in the channel drop quickly. Side slope instability can develop from excessively high
pore pressures and high hydraulic gradients along the slope surface.

swelling, and e

Construction of rigid linings requires specialized equipment and costly materials. As
a result, the cost of rigid channel linings is high. Prefabricated linings can be a less
expensive alternative if shipping distances are not excessive.




Flexible Linings

Riprap and vegetation are suitable linings for hydraulic conditions similar to those
requiring rigid linings. Because flexible linings are permeable, they may require
protection of underlying soil to prevent washout. For example, filter cloth is often
used with riprap to inhibit soil piping.

Vegetative and temporary linings are suited to hydraulic conditions where uniform
flow exist and shear stresses are moderate. Vegetative channel linings are not
suited to sustained flow conditions or long periods of submergence. Vegetative
channels with sustained low flow and intermittent high flows are often designed with

egetation is established. In most
f one growing season, which
sential to the overall channel stabilization
sed without vegetation to temporarily

Temporary linings provide erosi
cases the lining will deteriorate ov
means that successful re-ve
effort. Temporary channel li
control erosion on constgact

gs may b
sites.

Information XibIS@Inings

The followingisas terials currently available for use as flexible channel linings.

Permanent Flex Linings

Vegetation: Vegetative linings consist of planted or sodden grasses placed in and
along the drainage (Figure 3). If planted, grasses are seeded and fertilized

according to the requirements of that particular variety or mixture. Sod is laid
parallel to the flow direction and may be secured with pins or staples.

Rock Riprap: Rock riprap is dumped in place on a filter blanket or prepared slope
to form a well-graded mass with a minimum of voids (Figure 4). Rocks should be

hard, durable, preferably angular in shape, and free from overburden, shale, and



organic material. Resistance to disintegration from channel erosion should be
determined from service records or from specified field and laboratory tests.

e containers are filled with stone,

e channel side slope. Stones must be well
e- enclosed riprap vary from thin mattresses to
sed riprap is typically used when rock riprap is either
gh to be stable.

and edges with heavier wire
connected together, an
graded and durable.
box-like gabi@gs. Wire-
not availabl

p consists of coarse gravel or crushed rock placed on
filter blankets p¥@Pared slope to form a well-graded mass with a minimum of voids
(Eigure 6). The r@@terial is composed of tough, durable, gravel-sized particles and
should be free froW organic matter.



Temporary Flexible Linings <

Woven Paper Net: Wov per ne@onsists of knitted plastic netting, interwoven
with paper strips (Fi Igud8). The net is applied evenly on the channel
slopes with the fabric [ el to the flow direction of the channel. The net is
secured witlgs lacement of fabric into cutoff trenches at intervals

of woven paper net is usually done immediately after
seeding opere

Figure 7. Woven Paper Net Channel Lining



- A B gl - |

Figure 8. Installed Woven Paper Net Lining

Jute Net: Jute net consists of jute yarn, approximately 60 mm inr\@i@meter, woven
into a net with openings that are about 10 by 20 mm. The jute ngigh re 9 and
Figure 10) is loosely laid in the channel parallel to the directio

secured with staples and by placement of the fabric into cutoff & ntervals
along the channel. Placement of jute net is usually doneg ' :

operations. '

Figure 10. Installed Jute Net Channel Lining

Fiberglass Roving: Fiberglass roving consists of continuous fibers drawn from
molten glass, coated, and lightly bound together into roving. The roving is ejected
by compressed air forming a random mat of continuous glass fibers. The material is
spread uniformly over the channel and anchored with asphaltic materials (Figure 11

and Figure 12).



Along a Roadside

Curled Wood Mat: Curled wo S 0 rled wood with wood fibers, 80
percent of which are 150 mm or | '

distribution of fiber over the e

the mat is covered with a biglfegrad
channel parallel to the digec@@n of th
trenches.

S R

o B i ot

MaT; LA R
P TSR S

Figure 13. Curled Wood Mat



Figure 16. Installed Synthetic Mat Channel Lining

Straw with Net: Straw with net consists of plastic material forming a net of 20 mm
minimum square openings overlying straw mulch (Figure 17). Straw is spread

uniformly over the area at a rate of approximately 4.5 metric tons/hectare and may
be incorporated into the soil according to specifications. Plastic net is placed after



mulching with straw to secure the mulch to the finished channel.

Figure 17. Straw With Net Channel Lining

Go to Chapter 3
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Design Concepts

Go to Chapter 4

The design method presented in this circular is based on the concept of maximum permissible tractive
force, coupled with the hydraulic resistance of the particular lining material. The method includes two
parts, computation of the flow conditions for a given design discharge and determination of the degree
of erosion protection required. The flow conditions are a function of the channel geometry, design
discharge, channel roughness, and channel slope. The erosion protection required can be determined
by computing the shear stress on the channel at the design discharge and paring the calculated
shear stress to the permissible value for the type of channel lining used.

Open-Channel Flow Concepts

Type of Flow

Open-channel flow can be classified according to three @&ne
1. uniform or non-uniform flow ‘
2. steady or unsteady flow
3. subcritical or supercritical flow.

In uniform flow, the depth and dis
no change in discharge occurs over
described by runoff hydrographs.
gradually and can be describe
flow is distinguished from sup
number (Fr), which is defi
system. Subcritical flow
flow. Supercritical flow (
flow.

t along the channel. In steady flow,
ral flows are unsteady and are

in most cases that the flow will vary
iform flow for short periods of time. Subcritical
a dimensionless number called the Froude

f inertial forces to gravitational forces in the

: cterized as tranquil and has deep, slower velocity
.0) is characterized as rapid and has shallow, high velocity

For design purf@s
approximately eqi
a uniform flow eq@
waves that are app
may splash and sur§
required.

ow conditions are usually assumed with the energy slope

0 average bed slope. This allows the flow conditions to be defined by
l[ion such as Manning's equation. Supercritical flow creates surface
aching the depth of flow. For very steep channel gradients, the flow

e in a violent manner and special considerations for freeboard are

Resistance to Flow

Depth of uniform flow in a channel depends on the roughness of a particular lining. For
practical purposes in highway drainage engineering, Manning's equation provides a reliable

estimate of uniform flow conditions. With a given depth of flow, d , the mean velocity may be




computed as:

v= TRz gan )
M

where:

V = average velocity in the cross section

n = Manning's roughness coefficient

R = hydraulic radius, equal to the cross-sectional area, A, divided by the wetted perimeter,
P

S; = friction slope of the channel, approximated by the average bed slope for uniform flow

The discharge in the channel is given by the continuity equation as:

Q=AV
(2)

where:

A = flow area in the channel.

For most types of channel linings Manning's roughness\@e nt, approximately

constant. The roughness coefficient will increase for very@hal s where the height of
the roughness features on the lining appro&es th (see Appendix A). For a

riprap lining, the flow depth in small channels be
diameter of the mean riprap size. In this case, u
consideration of the shallow flow

w times greater than the
a constant n value is acceptable, but
by using a higher n value.

A channel lined with a good stand of ot be described by a single n value.
The resistance to flow in vegetat s is further complicated by the fact that

vegetation will bend in the flow [
Conservation Service (SCS) ( aClassification of vegetation depending on the

d into five broad categories, as shown in Table 1
ts the highest resistance to flow and Class E

to flow. In general, taller and stiffer grass species have a
ort flexible grasses have a low-flow resistance.

in Chapter 4. Retardan
presents the [

Recent studies
provided a more
channels. The re

l.(5,6), examined the biomechanics of vegetation and

ral approach for determining the Manning's n value for vegetated
ing resistance equation (see Appendix B, equation 19) uses the same
vegetative classificjilon as the SCS but is more accurate for very stiff vegetation and mild
channel gradients. Design Chart 5, Chart 6, Chart 7, Chart 8, and Chart 9 were developed
from the Kouwen resistance equation.

Channel Bends

Flow around a bend in an open channel induces centrifugal forces because of the change in
flow direction.(7) This results in a superelevation of the water surface. The water surface is
higher at the outside of the bend than at the inside of the bend. This superelevation can be



estimated by the equation:
equation 3

AT

A
g R

= superelevation of water surface (3)

where:

V = mean velocity

T = surface width of the channel
g = gravitational acceleration

R. = mean radius of the bend.

Flow around a channel bend imposes higher shear stress on the cha om and

banks. The nature of the shear stress induced by a bend is discusse Sletail in the
tractive force section. The increase stress requires additional design
and downstream of the bend.

Freeboard ‘

ter surface to the top of the
ctor depends on the consequence of
rd should be sufficient to prevent

The freeboard of a channel is the vertical dist
channel at design condition. The importan
overflow of the channel bank. At ini

channel, about 0.15 m of freeboard sh ate, and for temporary channels, no
freeboard is necessary. Steep els should have a freeboard height equal to
the flow depth. This allows for
caused by waves, splashi [ ining materials should extend to the freeboard
elevation.

Stable Channel

Equilibrium Concepts

Stable channel design concepts focus on evaluating and defining a channel configuration
that will perform within acceptable limits of stability. Methods for evaluation and definition of
a stable configuration depend on whether the channel boundaries can be viewed as:

1. essentially rigid (static)
2. movable (dynamic).

In the first case, stability is achieved when the material forming the channel boundary



effectively resists the erosive forces of the flow. Under such conditions the channel bed and
banks are in static equilibrium, remaining basically unchanged during all stages of flow.
Principles of rigid boundary hydraulics can be applied to evaluate this type of system.

In a dynamic system, some change in the channel bed and/or banks is to be expected if
erosive forces of the flow are sufficient to detach and transport the materials comprising the
channel boundary. Stability in a dynamic system is generally attained when the sediment
supply rate equals the sediment transport rate. This condition, where sediment supply
equals sediment transport, is often referred to as dynamic equilibrium. Although some
detachment and transport of bed and/or bank materials may occur, this does not preclude
attainment of a channel configuration that is basically stable. A dynamic system can be
considered stable so long as the net change does not exceed acceptable levels. For most
highway drainage channels, bank instability and possible lateral migr&@@n cannot be
tolerated. Consequently, development of static equilibrium conditions ofNG@iiilization of linings
to achieve a stable condition is usually preferable to using dynamic eg n concepts.

Two methods have been developed and are commonly applied to d ‘ hannel is
stable in the sense that the boundarles are ba5|cally immobile
SIBIE tractive force
(shear stress) approach. Under the permissible velocity app g annel is assumed
stable if the adopted mean velocity is lower than the magim (e ig8ible velocity. The
tractive force (boundary shear stress) approach focuse :
interface between flowing water and materigs for
definition, permissible tractive force is the maxigu ' ive force that will not cause
serious erosion of channel bed material from a ed.(7)

Permissible velocity procedures w. ' op ound the 1920's. In the 1950's,
permissible tractive force procedure gniZed, based on research investigations
conducted by the U.S. Bureau of Recl dures for design of vegetated channels
using the permissible velocity a developed by the SCS and have remained in
common use.

In spite of the empirical n ermi le velocity approaches, the methodology has
been employed to desi mer e channels in the United States and throughout
ing actual physical processes occurring in open-channel flow,
a more realis ent and erosion processes is based on permissible
tractive force .

Tractive Force The®ry

The hydrodynamic force of water flowing in a channel is known as the tractive force . The
basis for stable channel design with flexible lining materials is that flow-induced tractive
force should not exceed the permissible or critical shear stress of the lining materials. In a
uniform flow, the tractive force is equal to the effective component of the gravitational force
acting on the body of water, parallel to the channel bottom.(7) The average tractive force on
the channel, or shear stress is equal to:



T=VRS (4)
(Where:

y=Unit Weight of Water
R= Hydraulic Radius
S= Average Bed Slope or Energy Slope

The maximum shear stress, 14, for a straight channel occurs on the channel bed (7, 8) and
Is less than or equal to the shear stress at maximum depth.

Td:de

where:

®)

d = maximum depth of flow.

Shear stress in channels is not uniformly distributed along t d@erimeter. (9,10) A
typical distribution of shear stress in a trapezoidal chan towgl zero at the corners
with a maximum on the center line of the bed, and the ' e side slopes
occurring about the lower third of the side ho e 18. Flow around a bend

creates secondary currents, which impose hig ses the channel sides and
bottom compared to a straight reach (11) as sh in Fig 9 . At the beginning of the

moves toward the outside as the
flow Ieaves the bend. The increase cau§ed by a bend persists downstream of
the bend, a distance, Lp. The maxim in a bend is a function of the ratio of

channel curvature to bottom wid Y . As R /B decreases, that is as the bend

becomes sharper, the maximu the bend tends to increase ( see Chart 10 ).
The bend shear stress, 1,4
shear stress in an equiv lon of channel where:

Tp=Kp T4

(6)

een permissible shear stress and permissible velocity for a lining can
ing equation 4 into equation 1 giving:

The relationship
be found by subs

_ 00318 46 12
”'\fp——n F T @)

Where:

= permissible shear stress.



It can be seen from this equation that permissible velocity varies du lic radius.

However, permissible velocity is not extremely sensitive to hyd QLS sigle the
exponent is only 1/6. Equation 7 is useful in judging the field : channel

or channel gradient.

The tractive force method is a more compa* permissible velocity
method, because the failure criteria for a paMicyla iSfiepresented by a single critical

shear stress value. This critical shear stress v [ e over a wide range of
channel slopes and channel shapes. Per i cities, on the other hand, are a

function of lining roughness, chan | shape, and are only approximately

impler representation of failure for the
or users who prefer to use programmable

method therefore requires design nom
tractive force method is a defini
calculators and microcompute

High Shear Stress Zone

Figure 19. Shear Stress Distribution in a Channel Bend (after 11)




Design Parameters

Design Discharge Frequency

Design flow rates for permanent roadside and median drainage channel linings usually have
a 5 or 10 year return period. A lower return period flow is allowable if a temporary lining is to
be used, typically the mean annual storm (approximately a 2-year return period, i.e., 50
percent probability of occurrence in a year). Temporary channel linings are often used
during the establishment of vegetation. The probability of damage during this relatively short
time is low, and if the lining is damaged, repairs are easily made. Design procedures for
determining the maximum permissible discharge in a roadway chann€@are given in Chapter

4.

Channel Cross Section Geometry

Most highway drainage channels are trapezoidal or triangul e unded
corners. For design purposes, a trapezoidal or triangular re ati@l is sufficient. Design
of roadside channels should be integrated with the hig etriggand pavement
design to insure proper consideration of safety and pav nt e needs. If available

th hannel geometry, it may be
ither increasing the bottom

educe the flow depth and

channel linings are found to be inadequate
feasible to widen the channel. This can be ac
width or flattening the side slopes. Widening th
lower the shear stress on the changel pea

of shear stress against the ban ht of the lining may cause erosion on the
banks before the channel bott

procedures for checking t uacy of@hannels with steep side slopes.

Equations for determini 0SS-S | area, wetted perimeter, and top width of channel
geometries ¢ nly use highway drainage channels are given in Appendix A.

Channel Slope

The channel bottof@slope is generally dictated by the roadway profile and therefore is
usually fixed. If cha@el stability conditions warrant and available linings are not sufficient, it
may be feasible to reduce the channel gradient slightly relative to the roadway profile. For
channels outside the roadway right-of-way, The slope may be adjusted slightly.

Channel slope is one of the major parameters in determining shear stress. For a given
design discharge, the shear stress in the channel with a mild or subcritical slope is smaller
than a channel with supercritical slope. Roadside channels with gradients in excess of
about two percent will flow in a supercritical state. Most flexible lining materials are suitable
for protecting channel gradients of up to 10 percent. Riprap and wire-enclosed riprap are
more suitable for protecting very steep channels with gradients in excess of 10 percent.







Chapter 4 : HEC 15
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Design Procedure
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Design Procedure

nts (slopes greater than 10%)
esented in this chapter at

pcedure must take into consideration the
pared to results obtained from design
Its, i.e., largest riprap size, should be

wide range of channel gradients, provided the

This section outlines the design procedure for flexible channel linings. Channel
will usually produce a tractive force in excess of the permissible shear stress §
relatively small discharges. Also, when riprap is used on steeper gradients, t
additional forces acting on the riprap. Designs involving riprap should be
procedures presented in Chapter 5. Steep Gradient Design. The more co
used for design. Other linings presented in this chapter are a.lic
permissible shear for the lining is not exceeded.

The basic design procedure is supplemented for riprap line an with side slopes steeper than 1V:3H. Use of side slopes
steeper than 1V:3H is not encouraged for flexible li r or gabions because of the potential for erosion of the
side slopes. If a combination of linings is used, the co | Iihing procedure outlined in Chapter 6 should be used. In
cases where flexible linings discussed in this circul rovideidequate protection, other alternatives, including rigid linings
should be considered. Because of the substanti t of rigid linings, and their vulnerability to failure, other
alternatives such as use of additional inlets, a m ne&¥geometry or a flatter channel gradient are preferred.

Flexible Lining Design

The basic design procedur ib annel linings is quite simple. It involves only two computations and several
straight forward comparison ining performance. The computations include a determination of the uniform flow
depth in the channel, known e normal depth, and determination of the shear stress at maximum flow depth.
Designers familiar with method$ptor determining normal depth may use any convenient method and the Manning's
roughness coefficients provided in this manual. A nomograph is also provided in this chapter for determining the
normal depth in trapezoidal channels. The computation for shear stress is much simpler and can be carried out
without the need of any design aids.

The basic comparison required in the design procedure is that of permissible to computed shear stress for a lining. A
table and two figures are provided that give permissible shear stress values for a variety of lining types. If the



permissible shear stress is greater than the computed shear, the lining is considered acceptable. If a lining is
unacceptable, a lining with a higher permissible shear stress is selected and the calculations for normal depth and
shear stress is repeated. A worksheet is provided at the end of this chapter (Figure 23) for carrying out the design

procedures presented in this chapter.

Channels lined with gravel or riprap on side slopes steeper than 1V:3H must be deSIgned using the steep side slope
design procedure. Steep side slopes are allowable within a channel if cohesive sgill conditions exist. Channels with
steep slopes should not be allowed if the channel is constructed in non-cohesive

Permissible Shear Stress

significantly affected by the erodibility of the underlying so ' 0 is eroded and moved, the bed
material is exposed to the erosive force of the flow. Th lining failure on highly erodible soils is great,
since the erosion rate after failure is high compared to soi [lity.

rch conducted at laboratory facilities and in the
appropriate for design use. Table 2 presents

d riprap lining types. The permissible shear stress for

f lo

Values for permissible shear stress for linings
field. The values presented here are judged to

permissible shear stress values for manufacture
non-cohesive soils is a function of mean dia

not shown in Chart 1 and rock riprap, the p@fmissibl r tress is given by the following equation;
T, =628.3 Dsg (8)

where:

For cohesive materials the
index of the cohesive soil pr

missible shear stress is governed by many soil properties. The plasticity
es a good guide to the permissible shear stress as shown in Chart 2.




Determination of Normal Flow Depth

The condition of uniform flow in a channel at a known discharge is computed using the Manning's equation combined
with the continuity equation:

(e i.ﬁ.REISSfHE
M

Where:

Q = discharge

n = Manning's roughness coefficient
A = cross-sectional area

R = hydraulic radius

S; = friction gradient which, for uniform flow conditions, equals,th

channel bed gradient, S.

Chart 3 provides a solution to Manning's equation for tr‘ez [

chaNlels. The geometric properties of a trapezoidal
channel can be found using Chart 4 or the equations provi |

Manning's Roughness Coefficients for Non-Ve ' gs

including riprap-type lining materials.
shallow flow depths and lower for |
highway drainage channels should b

vary with flow depth. The channel roughness will be higher for
he range of flow depths from 150 mm to 600 mm is typical of
cases.

edin

Manning's Roughness Co ents for Vegetative Linings

Manning's roughness coefficieR@§or vegetative linings varies significantly depending on the amount of submergence
of the vegetation and the flow force exerted on the channel bed. As a result, the Manning's n value must be
determined by trial and error taking into consideration both the depth of flow and the flow force. Chart 5, Chart 6,

Chart 7, Chart 8, and Chart 9 show the variation in Manning's n for five classes of vegetation. These charts can be
used to determine Manning's n for a wide range of flow conditions.




Determination of Shear Stress on Channel

As presented in Chapter 3, Tractive Force Theory, the shear stress on the channel lining at maximum depth, 14, is
computed using the following equation:
Equation 5 from Chapter 3

Tq = yds
where:

y = unit weight of water (9810 N/m3)
d = flow depth m
S = channel gradient, m/m

Flow around a channel bend imposes higher shear stress on the chagipel and banks. For bends, the
maximum shear stress is given by the following equatit’

Equation 6 from Chapter 3

Th =Kp Tg \
where:
the value of Ky, can be found using C j

&

pr

In Chart 10, the radius of curvature of ter line, R, and the bottom width of the channel, B. determine
the magnitude of factor K,,. The len , required downstream of a bend is found using Chart 11. The
length of protection is a fugction of th ghness of the lining material in the bend (n,) and the depth of flow.

f

Side Slope Stability

Channels lined with gravel or riffap on side slopes steeper than 1V:3H may become unstable. As the angle of the

side slopes approaches the angle of repose of the channel lining, the lining material becomes less stable. However,
the shear stress on the channel side is less than the maximum shear stress occurring on the channel bed. The
stability of a side slope is a function of the channel side slope and the angle of repose of the rock lining material.

When the tractive force ratio is compared to the ratio of the shear stress on the sides to the shear stress on the



bottom of the channel, the rock size for the channel side slope can be determined. The angle of repose, 6. for
different rock shapes and sizes is provided in Chart 12. The ratio of shear stress on the sides and bottom of a

trapezoidal channel, K4, is given in Chart 13 and the tractive force ratio, K, is given in Chart 14. The required rock
size (mean diameter of the gradation Dg) for the side slopes is found using the following equation:

equation 10
K1

B Ll
5D]I5ides ko' 22 pottom

Maximum Discharge Approach

nnel can convey given the
permissible shear stress and the corresponding allowaf§§e d wing the maximum discharge that a lining
can sustain, the designer can determine the maximum le a channel, based on the hydrology of the
site. This information can assist the designer in an economi aluatiorn*of lining types and can determine inlet
spacing.

-vegetative linings. Applying the procedure for
a trial and error solution.

The procedure presented is for both vegetative li
vegetative linings is particularly useful, since j

Design Considerations for Ripra

uired for riprap channel linings:

Riprap Gradation and Thickness

Riprap gradation should follow a smooth size distribution curve. Most riprap gradations will fall in the
range of Dy /Dsg and Dgg /Dy between 3.0 to 1.5, which is acceptable. The most important criterion is a

proper distribution of sizes in the gradation so that interstices formed by larger stones are filled with



smaller sizes in an interlocking fashion, preventing the formation of open pockets. These gradation
requirements apply regardless of the type of filter design used.

In general, riprap constructed with angular stones has the best performance. Round stones are
acceptable as riprap provided they are not placed on side slopes steeper than 1V:3H. Flat slab-like stones
should be avoided since they are easily dislodged by the flow. An approximate guide to stone shape is
that neither the breadth nor thickness of a single stone is less than one-thirgai

The thickness of a riprap lining should equal the diameter of the largest rock in the gradation. For
most gradations, this will mean a thickness from 1.5 to 3.0 times the mean i

Filter Design
When rock riprap is used, the need for an underlying filter ma valuated. The filter material
may be either a granular filter blanket or a engineegring fabric.

For a granular filter blanket , the following crit

CHs filter Dhs il

(11)

DBE base base

(12)

In the above relationships, "filter" refers to the overlying material and "base" refers to the underlying
material. The relationships must hold between the filter blanket and base material and between the riprap
and filter blanket .



The thickness of the granular filter blanket should approximate the maximum size in the filter gradation.
The minimum thickness for a filter blanket should not be less than 150 mm.

In selecting an engineering filter fabric, the fabric should be able to transmit water from the soil and also
have a pore structure that will hold back soil. The following properties of an engineering filter fabric are
required to assure that their performance is adequate as a filter under riprap. (18)

1. The fabric must be able to transmit water faster than the soil.
2. The following criteria for the apparent opening size (AOS) must be mef;

. For soil with less than 50 percent of the particles by weight pag
sieve, AOS < 0.6 mm (greater than #30 U.S. Std. Sieve).

b. For soil with more than 50 percent of the particles by wei )a
sieve, AOS < 0.297 mm (greater that #50 U.S. Std. Si ?
S. Sg

The above criteria only applies to non-severe or non-critical igétal ere or critical installations

2

Design Procedure

should be designed based on permeability tests.

The design procedure is summarized below. The proce for fle linings is a basic stepwise solution approach.

Flexible Lining Design Procedur 0

(see computation sheet,

J Step 1. Select a flexibl ermine the permissible shear stress, 1, (see Table 2)

J Step 2. Estimate flow dep
discharge(s) .

or vegetation or flow depth range for linings, the channel shape, slope and design

J Step 3. Determine Manning's n value for estimated flow depth.
. For non-vegetative linings, use Table 3
b. For vegetation:



1. Calculate the hydraulic radius, R. (Use Chart 4 for trapezoidal channels and Appendix A for other
shapes.)

2. Determine n from Chart 5, Chart 6, Chart 7, Chart 8, or Chart 9.

J Step 4. Calculate the flow depth, d, in the channel. (Chart 3 for trapezoidal channels.)

J Step 5 . Compare computed flow depth, d, with estimated flow depth, d;. If d i
non-vegetative linings or differs by more than 0.030 m from d; for vegetation, repeg

side the assumed range for

J Step 6. Calculate the shear stress, 1. If 14 > Ty, the lining is not acceptable, ¥ 1 through 5.
g = de 3

J Step 7. For channel bends:
. Determine the factor for maximum shear stress o chanpel ber\@s, K, Chart 10. This is a function of the
ratio of channel curvature to bottom width, Rc/B.
(6)

b. Calculate the shear stress in the bend, 1y,

Ty =KpTq

If T > 1, the lining is not acceptable, repea slth h7.

©

wnstream of the bend from Chart 11.

3)

c. Calculate length of gegtection, L
4. Calculate superele

J Step 8. For riprap or gra I Ings on steep side slopes (steeper than 1V:3H):
. Determine the angle of RRose for the rock size and shape from Chart 12.

b. Determine K4, the ratio o
13-

c. Determine K, the tractive force ratio from Chart 14.

aximum side shear to maximum bottom shear for a trapezoidal channel from Chart

4. Calculate the required Dgq for the side slopes.



.
(B I={_1 (Dsa Jocttom
2 (10)

'-‘Step 9. For riprap on slopes greater than 10% check design procedure in Chapter 5. Use whichever procedure
results in the larger riprap size.

Maximum Discharge Design Procedure

c gllear stress (Table 2 or Chart 1 or Chart
typical roadway section.

JStep 1. Determine the allowable depth of flow in the channel using the pe
2). Check that this depth does not exceed the depth (including freeboard

¢

J Step 2. Determine the area and hydraulic ragiifls corre ing to the allowable depth using Chart 4.
a"Step 3. For non-vegetative linings, fin M
For vegetative linings, enter into Chart 5,

the Manning's n value.

ing's n from Table 3.
16 C , Chart 8, and Chart 9 for the correct vegetation class and determine

a"Step 4. Solve Manning's equagian (gl ) to determine the maximum discharge for the channel.

Example Problems




Example #1

Determine whether it is feasible to use jute net as a temporary lining-

Given: Q = 0.566 m3/s
S =0.005 m/m

Trapezoidal channel with a bottom width of 1.22 m and 1V:3H side slopes.

Find: Depth of flow in the channel and the adequacy of the jute net lining
Solution:

& 1. From Table 2, the permissible shear stress is 21.5 N/m?2 and from T, g's n value is 0.022
(assuming a flow depth between 0.15 to 0.60 m).

" 73 Entering Chart 3 for S=0.005
Qn=0.012
B=1.22
d/B=0.22
d=0.268 m

The flow depth has remained within the ra

so that the assumed Manning's n value is
correct.

3 Using equation 5, the shear stress g
Tq = yds = 9810 x 0.268 x 0.005

e chann
/m2

ed at maximum depth is,

d . Comparing the she

/mZ2, to the permissible shear stress, 21.5 N/m2 shows that jute net is an
acceptable channel linin

Example #2

Determine if a single application of fiberglass roving lining is an adequate lining for a median ditch.

Given: B=0.61m
=4
S =0.05m/m
Q =0.283 m3/s



Find: Depth of flow -

Solution:

& 1. From Table 3, Manning's n is 0.021 assuming a flow depth in the range of 0.15 to 0.60 m

" 73 Entering Chart 3 for S = 0.05, given

Qn = 0.0059 m3/s
B=0.61

d/B =0.21
d=0.128 m

Checking the flow depth against the initial assumed range shows that t e is below that range. The
Manning's n for flow depth range of 0.0 to 0.15 m is 0.028.

Enter Chart 3 for S=0.05
Qn = 0.007 m3/s
B=0.61 ‘
d/B=0.24
d=0.146 m
The computed flow depth is within the ass ang
& 3.The maximum shear stress from g@

T4 = yds = 9810 x 0.146 x 0,05
=71.6 N/m2

& 4. The permissible s ess for glass is 28.7 N/mZ2. Since this is less than the maximum shear stress, the
lining is not adequate.
Example #3

A roadside ditch is lined with a good stand of uncut buffalo grass. Determine the flow depth and Manning's n for the
depth at design discharge.

Given: Q = 0.566m3/s
S =0.005 m/m



B=122m

Find:

&1 Manning's n value.
& 2 Flow depth in the channel.

Solution:

The vegetative retardance classification is found in Table 1. A good stand of und
retardance D. The determination of Manning's n and flow depth for a vegetative

/

ass Is classified as
equire several trials.

Trial 1

& 1 nitial depth is estimated at 0.3 m

J 2. From Chart 4 for Z = 4 and d/B = @R5 \
R/d = 0.65
R =0.195m

d3 Entering Chart 8 given R = 0.@0. 5m

n =0.088

& 4. Entering Cha 5,Qn = 0.0498 m3/s, B=1.22m, and Z= 4 m

d
d

& 5. Since the differend

between the initial and calculated depth is greater than 0.03 m, the procedure
Is repeated.

Trial 2



& 1 Use the calculated depth of 0.488 m from trial 1.

J 2. From Chart 4 for Z =4 and d/B = 0.40

R/d = 0.61
R=0.298 m

d3 Entering Chart 8 given R = 0.298 m and S = 0.005 m,
n = 0.066

d . Entering Chart 3 given S = 0.005

Qn =0.0374
B=1.22m

m the procedure is repeated.

d/B =0.36
d=0.439m ‘
& 5. Since the difference between the initial and ck is 0.049 m which is greater than 0.03

Trial 3

d3 Entering Chart en R=0.268 mand S = 0.005 m,

n=0.070

&, Entering Chart 3 given S = 0.004, Qn =0.0396 m3/s, and B =1.22,

d/B = 0.37
d=0.45m



& 5. The initial depth and the calculated depth are in agreement. The procedure is completed with the
following results:

n=0.070
d=0.45 m

Example #4

Determine a temporary channel lining for a trapezoidal channel.

Given: Q = 0.45 m3/s
S=0.03 m/m

B=122m
Z=3
Find: Adequate temporary channel lining. ‘
Solution: \

| lining Biternative. The permissible shear stress (Table 2) and

Trial 1

Jute net is selected as an initial
Manning's n value (Table 3) a

Tp= 21.5 N/m
n=0.022 (as

epth e 0f 0.15t0 0.60 m

d The flow depth

d/B=0.12
d=0.146 m

rmined from Chart 3. Given S=0.03, Qn =0.010,and B=1.22 m

The flow depth is slightly below the specified range for Manning's n.

J 3. The shear stress at maximum depth is found using equation 5,
Ty = 9810 x 0.146 x 0.03 = 43.0 N/m?2



& 4. The computed shear stress of 43.0 N/m2 is greater than the permissible shear stress of 21.5 N/m?2
so jute net would not be an acceptable lining.

Trial 2

&1 The next lining chosen is curled wood mat because the permissible
exceeds the calculated shear stress from the first trial. Fiberglass roving
permissible shear stress was less than the calculated shear stress from tha
shear from Table 2 and the Manning's n from Table 3 for curled w

T, =742 N/m?2
n = 0.035 (assuming a depth range of 0.15 to 0.6

hea gss for this lining
5 N@Ben since its
e permissible

.03@A0QN = 0.0158, B =1.22 m, and Z=3,

)

& 2. The flow depth is determined from Chart 3@ive

d/B = 0.15
d=0.183 m

The flow depth is within the specified ing'¥h value used.

J 3. The shear stress at maximum
Tq = 9810 x 0.183 x 0.03@&53.8 N

using equation 5,

& 4 The computed shear st
curled wood mat is acceptab

Use of workshee W

Example #5

Determine an acceptable channel lining for the roadside channel in example 4 if a bend is included in the channel
alignment.

Given: 450 channel bend
RC =6.1m



Find:

& 1. The channel lining required for the bend and the location of the lining.

& 2 The superelevation of the water surface in the bend.

Solution :

Trial 1

3 1. From the results of example 4, the shear stress of the strai
T4 = 53.8 N/m2

stream of the bend is,

A curled wood mat lining was used to stabili‘the nne

&2 The shear stress in the bend is given by equati The
Chart 10 given R¢/B =5,

Kb =G

of Ky in equation 6 is found from

The bend shear stress is,
T, = 1.6 x53.8 =86.1 N/

& 3 The computed shear st
wood mat channel § 74.2 N

in the Is greater than the permissible shear stress for a curled
A new lining is required for the channel bend.

Trial 2

& Synthetic mat is chosen as a bend lining material, because its permissible shear stress from Table 2

(95.8 N/m2) is greater than the computed shear stress from trial 1. The Manning's n value is 0.025 for a
flow depth range from 0.15 to 0.60 m.

"2. Entering Chart 3 given S =0.03, Qn =0.011,and B=1.22 m



d/B=0.13
d=0.159 m

This depth falls within the range originally assumed for Manning's n.

3 3. The shear stress from equation 5,
T4 = 9810 x 0.159 x 0.03 = 46.8 N/m?2

The bend shear stress from equation 6 is,
T, = 1.6 x 46.8 = 74.9 N/m2

& 4. The calculated bend shear stress is less than the permissih r synthetic mat of 95.8

&5 The synthetic mat will extend through the bend and a dis@nce 08 tream. The downstream
distance is found using Chart 11, given ny = 0.0 m Chart 4 for d/B = 0.13 and Z = 3),

L, /R=15.9
Lp,=1.91m

ngth in the bend plus the length required for
uired location of lining materials.

m of t
s the

The total length of synthetic mat lining is t
downstream protection. The following fig

Synthetic Mat

Straw with net

Center of Curvature

Figure 20. Location Sketch of Flexible Linings for Example 5



& 6. The superelevation of the water surface is computed from equation 3. To execute equation 3, top
width and cross-sectional area must be computed, where,

T=B+22d=1.22+2x3x0.158=2.16 m

and

A=Bd+Zd2=1.22 x0.158 + 3 x 0.1582 = 0.268 m?

The velocity in the channel found using the continuity equation
(equation 2),
V = Q/A =0.45/0.268 = 1.68 m/s

Solving equation 3 given V =1.68 m/s, T =2.16 m, and R.=6.1m

VeT
ﬁd:ﬁ ‘\A

_1.68° %216

A =010
9.81%6.1
The freeboard in the channel bend sj®@uld be 0.10 meters to accommodate the super elevation of

the water surface.

Use of the worksheets for thi blem ted in Figure 21.

Example #6

Because of a width constraint @ available right-of-way, the side slopes of a roadside ditch must be steepened to
1V:2H. The 51-mm gravel liningghas been determined to be adequate to protect the ditch bed. Determine the gravel
size, Dy, necessary to protect the ditch banks.

Given: Very rounded gravel
A trapezoidal channel.

Z=2



B=1.07m
Flow depth, d =0.213 m

Find: Dy for side slopes.

Solution:

& 1. From Chart 12 given a Dgg= 0.051 m the angle of repose 6 = 360

&2, From Chart 13 given B/d = 5.0 the ratio of side shear to bottom shear, K; Q

&3, From Chart 14 given Z=2 and 0=36°, the tractive force ratio, K,=0,

&4, The required side slope Dgg from equation 10 is,
Doy = 2310051y = 0.062 m 2
065 \

Example #7

Determine the maximum allowable discha
(approximately 200 mm in height). Theglit as a

Given: S=0.010 m/m
B=1.22 m
Z=4

for a ditch lined with a good stand of Kentucky bluegrass
th of 0.914 meters from the roadway shoulder.

Find: Maximum allowable
Solution:;

J 1. From Table 1, a good sta
shear stress,

T, =479 N/m?2

of Kentucky bluegrass is classified as retardance C. From Table 2 the permissible

Determine the allowable depth from equation 5, given Ty =T, .



d=TyyS=__ 47.9 =0.488m
9810 x 0.01

Note: The allowable depth is less than the depth of the ditch.

&2 Determine the flow area and hydraulic radius from Chart 4, given d/B = 0.40

A/Bd = 2.6
A =1.55 m2
R/d = 0.61
R=0.3m

3 3. From Chart 7: n=0.072.

d 4 Solving the Manning's equation with continuity equation (e
Q=1AR2BSY2= 1 x1.55x0.323x0.011/2 —@.96 3/s

n 0.072
DESIGNER:
PROJECT: Exaniple Prablerag d & 8
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1. TABLE 2

2. FORVEGETATION, ESTIMATE INITIAL DEPTH

FOR OTHER LINERS, SELECT RANGE FROM TABLE 3,
. VEGETATION ONLY, CHART 4 FOR TRAPEZOIDAL CHANNELS

4. FOR VEGETATION, CHARTS 54
FOR OTHER LINERS, TABLE 3.
6. NORMAL DEPTH, CHA

6.Tg MUSTBE=<T

RT3 (D MUSTBEIN lwws;
P
7. CHECK FOR STEEP SIDE SLOPES AND CHANNEL HE\

Figure 21. Worksh

Example #8

Determine the need for

Given: Riprap Gradation

Dgs =0.40 m
D50 =0.20 m
D15 =0.10 m

Base Soil Gradation

Dgs =1.5 mm=0.0049 ft
Dsp = 0.5 mm=0.0016 ft
D15 =0.167mm=0.00055 ft

for Exahple Problems 4 and 5

filter

ket.




Find: Granular Filter Blanket Requirement.

Solution:
D 0 101
= =67 not less than &
Dgs 00015
Dis 20 DN L e i i i s
= = not [ess =1l
Dis 00017
Degg 20 m
= =400 naot less than 40
Deg 0005
Since the relationship between riprap and base do not meet the rec e Imensional criteria, a filter blanket is
required. First, determine the required dimensions of tl’filt i resQECt to the base material.
DspAiter 40, so Dgy filter <40 x 0.5 mm = 20 mm

Dgq base
D filter < 40, so Dy filter < 40 x 0.167 mm =
D;5 base
Dy filter <5,s0 D45 filter<5x1.5mm=7
Dgs base
4 m

D15 Aer & 5o Dy filter > 5 x 0.167
Dl5 base

Therefore, with respect t , the filter must satisfy:

Ds0 filter <20 M
0.84 m <Dy5 fijter < 6.7 mm

Second, determine the require@iilter dimensions with respect to the riprap,

Dsoriprap_ So , Do filter >2:2%- 5.0
Ds; filter 40

D i 1rap. S , Dys filter >219- 5 5
D5 filter 40

D 45 riprap 0.10



Dgs filter <5, S, , Dgs filter> 5 =20 mm

D ;15 riprap . 0.10
=8 e D filter S s =
D15 filter & = 5 si23

With respect to the riprap:

Dso fiiter > .0 mm
2.5 mm < D5 fijter < 20.0 mm
Dgs fiiter > 20.0 mm

Combining:

2.5 mm < Dq5 fjjter < 6.7 mm
5.0 mm < Dgg fijter < 20.0 mm
Dgs filter > 20.0 mm

The gradation requirements for the resulting granular fiI‘# blapket spggifica are illustrated in Figure 22.

100 , :
NI YZ AN N
i EL}t]ur Dhsa{]enfr R . -¢- il :
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i -2“% % i
U4 N =
4 +
i1}
o
/
Ve
i 7 Rk 2 el O 1 _n,r“"‘
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PARTICLE SIZE (mm)

Figure 22. Gradations of Granular Filter Blanket for Example 8
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Figure 23. Worksheet for Flexible Lining

Click on a hyperlinks below to view the following tables:

@ Table 1. Classification of Veqgetal Covers as to Degree of Retardance

@ Table 2. Permissible Shear Stresses for Lining Material

@Table 3. Manning's Roughness Coefficients
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Chart 1. Permissible Shear Stress for Non-Cohesive Soils (after 15)

To

N/m?

40
30

20

74

PLASTICITY INDEX -P. 1.

40 50

Explanation
"N" Value
Loose Compact 4-10
Medium Compact 10-30
Compact 30-50

N= Number of blows required to
effect 304.8mm penetration of the
50.8mm split-spoon sampler
seated to a depth of 152.4mm
driven with a 63.5kg weight
falling 762mm

Chart 2. Permissible Shear Stress for Cohesive Soils (after 16)

Chart 2. Permissible Shear Stress for Cohesive Soils (after 16)




NOTE: Project horizontally from Z = 0 scale ]?
to obtain values forZ=1to 6. LYl
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/ GIVEN:

Y S=0.01

EXAMPLE:

FIND:
d

Q =0.283 m’is

n = 0.03
B=122m
z=4

]
i
]
]

5
6

SOLUTION: 1.0

Qn = 0.00849

diB =0.14

d= 0.14{1.22)=0.1/1m



Chart 3. Solution of Manning's Equation for Channels of Various Side Slopes (after 17)
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Channel Slope, S

181/

n

(R/0.3048)"¢

" 23.0 + 19.97log((R/0.3048)' 4S04)

12 0.15

0.21

0.30

R(m)

0.6

0.9

12 15

2.1

3.0



£00

GL0 ¢L'0 600 900

yAl

0

0L00

Chart 6. Manning's n versus Hydraulic Radius, R, for Class Bg/egetation (after 5)
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Steep Gradient Channel Design

@t where the channels can be
linings for steep gradients, riprap,
sing the previous design procedure

10 percent.

Achieving channel stability on steep gradients usually requires some type of chg
constructed in durable bedrock. This section outlines the design of two types g
and gabion mattress. Because of the additional forces acting on riprap, resul
should be compared to the steep gradient procedures when channel gra

Rigid channel linings may be a more cost-effective alternativ%'n the case ope conditions. The size of riprap and gabion
linings increases quickly as discharge and channel gradient iN€rea ision to select a rigid or flexible lining may be
based on other site conditions, such as foundation and mainten nts for the steep slope channel lining.

Steep Slope Design

Riprap stability on a steep slope depends on acting@®n an individual stone making up the riprap. The primary forces
include the average weight of the stones a e nd di#lg forces induced by the flow on the stones. On a steep slope, the
weight of a stone has a significant compo in th lon of flow (see figures in Appendix C). Because of this force, a stone
within the riprap will tend to mquaig the flo ction more easily than the same size stone on a mild gradient. Hence, for a
given discharge, steep slope c B ' er stones to compensate for larger forces in the flow direction and higher shear
stress. The riprap design proced§iie is b@=SCgmi, the factor of safety method for riprap design, using a safety factor of 1.5. A
description of the factor of safety R#®d and e assumptions made in developing the design charts is presented in Appendix C.

Gabion mattress stability on a steep@lope is similar to that of riprap but because the stones are bound by wire mesh, they tend to
act as a single unit. Movement of stoges within a gabion is negligible. This permits use of smaller stone sizes compared to those
required for loose riprap. Of course the stability of gabions depends on the integrity of the wire mesh. In streams with high
sediment concentrations or with rocks moving along the bed of the channel, the wire mesh may be abraded and eventually fail.
Under these conditions the gabion will no longer behave as a single unit but rather as individual stones. Applications of gabion
mattresses and baskets under these conditions should be avoided. A worksheet is provided at the end of this chapter (Figure 25)

for carrying out design procedures in this chapter.




Other Considerations for Steep Slope Design

Channel Alignment and Freeboard

Bends should be avoided on steep gradient channels. A design requiring a bend in a steep channel
should be reevaluated to eliminate the bend or designed using a culvert.

Extent of riprap or gabions on a steep gradient must be sufficient to protect tr
channel both above and below the steep gradient section. The transition fr
should allow for slight movement of riprap or slumping of a gabion mattre

ition regions of the
gradient to a culvert

Riprap or gabions should be placed flush with the invert of a culver en the steep slope
and culvert entrance should equal three to five times the mean rog attress thickness if
gabions are used). The transition from a steep gradient channel t 1 dient channel may require an
energy dissipation structure such as a plunge pool. The tran ]
should be protected against local scour upstream of the transi ance of approximately five
times the uniform depth of flow in the downstreal‘ha 7)

Freeboard should equal the mean depth of flow, sin ave
mean depth. This freeboard height should be u
installations.

will reach approximately twice the
temporary and permanent channel

Gradation, Thickness, and Filter uiremd@@ts

Riprap gradation, thickness a liter ' nts are the same as those for mild slopes. It is important
to note that riprap thj ' sured normal to steep channel gradients. Also, the rock gradation used
In gabions mattres larger stones do not protrude outside the mattress and smaller
stones are retained

Design Procedures

A stepwise guideline with complete references to charts and figures is given for steep slope riprap and steep slope
gabion mattress designs.




Steep Slope Riprap Design Procedure

jStep 1. For given discharge and channel slope, enter Chart 15, Chart 16, Chart 17, and Chart 18 for correct
channel shape and determine the flow depth and mean riprap size. For channel widths not given in Chart 15, Chart
16, Chart 17, and Chart 18, interpolate between charts to find the correct value. FQr channel bottom widths in excess
of 1.83 meters, use the more detailed design procedures in Appendix C.

J Step 2. To determine flow depth and riprap size for side slopes greater than the following steps:

a. Find the flow depth using the formula:

A
d=—2¢

Az @

where values of the Az /A, ratio are found fromaTabl
flow depth from the design charts.

es ript refers to the side slopes z-value) and d; is the

b. Find the riprap size using the formula:

8|
Dsg = = Dsp;

3 (14b)

Where:

D; and Dgg are values from thglesign charts.




Steep Slope Gabion Mattress Design

J‘Step 1. For given discharge and channel slope, enter Chart 19, Chart 20, Chart 21, and Chart 22 for correct

channel shape and determine flow depth. For intermediate channel widths or side slopes, follow the interpolation
procedures given in steep slope riprap design procedure. For channel bottom widths in excess of 1.8276 meters, see

Appendix C.

J Step 2. Determine the permissible shear stress for the gabion mattress rock fil_ s&@from Chart 23.

J Step 3. Determine the permissible shear stress for thickness of the gabion hart 24.

@. car

J Step 5. Calculate the maximum shear stress actingg the channgl 1.

J Step 4. The design permissible shear stress, T, will be the larger of ress values determined in

steps 2 and 3.

Tg = de (5)
If 14 > T, the gabion mattress analyzed is not%
Example Problems 0
Example #9

Determine the mean riprap s\ and flow depth for a steep gradient channel.

Given: Q = 0.566 m3/s.

S =0.15 m/m
B=0.61m
Z:=¥3

Find: Flow depth and mean riprap size.



Solution: Entering into Chart 16, given Q = 0.566 m3/s and S = 0.15 m/m:

d =0.23 m
D50 =0.27m

Example #10

Determine the mean riprap size and flow depth for a steep gradient channel.

Given: Q = 0.849 m3/s
S =0.15m/m
B =0.914
Z=3

Find: Flow depth and mean riprap size.

Solution:

& 1. Enter into Chart 16, for B = 0.61 m give

d=0.280 m
D50 =0.335m

Enter into Chart 17, for B = 1.219 given Q @&0.849 0.15 m/m
d=0.213m
Dsg =0.274 m

" ¥3 Interpolating for a OY to idth gives

d=0.247m
D50 =0.30m




Example #11

Determine the mean riprap size and flow depth for a steep gradient channel.

Given: Q = 0.566 m3/s
S=0.20m/m
B=0.61m
z=4

Find: Flow depth and mean riprap size.

Solution:

& 1 Enter into Chart 16, given Q = 0.566 m3/s and S = 0.20 m/m,

d=0.213m
Dgp =0.36 m ‘
3 2. Enter into Table 4, given d/B =0.35 and Z = 4:
Ag /A, =0.85 Q

Use of the worksheet s Droble illustrated in Figure 24.

Actual flow depth for 1V:4H side slopes,
d=0.85x0.213=0.181 m
Actual riprap size for 1V:4H side sl

c
Dxo = (0.181/0.213) x 0.36 = Qg m

Example #12

Determine the flow depth and required thickness of a gabion mattress lining.

Given: Q = 0.283m3/s
S=0.12 m/m
B=0.61m
Z=3



D50 =0.15m
Find: Flow depth and gabion mattress thickness.

Solution:

& 1. From Chart 20 given Q = 0.283 m3/sec. and S =0.12 m/m
d=0.167m

3 2. Calculate the maximum shear stress from equation 5,

Ty = ydS = 1000 x 0.167 x 0.12 = 196.6 N/m2
J 3. Permissible shear stress for Rock-fill size from Chart 23,
T, =181.9 N/m?2 ’

Permissible shear stress for a 0.23 meter mattress thi SS

Tp = 215.5 N/m?
Use 1, = 215.5 N/m? for design.
d 4. The gabion mattress 0.23 meter thicl#fs accepia since

Tq=196.6 <2155 =1,

rt 24,

is illus

Use of the worksheet for this pro ed in Figure 24.



DESIGNER: DATE:

PROJECT: Example Problem 11 & 12
STATION: TO STATION:
DRAINAGE AREA.

DESIGN FLOW: Q

DESIGN FLOW FOR TEMPORARY LINING: @ _(L566 (0283
CHANNEL SLOPE (S):__0L.20 (0,12 Tor ex. 12)

CHANNEL DESCRIPTION:

sy 12)

RIPRAP (Example 11} o' ™

dl I}EEII z AR 7
1 1 2 3
0213 0.36 4 BE

Size B 2 10
A4, 1821 .23 219|215 197
4 18
6. Charts 1%-22
7. Chart 23

B. Chart 24

9. “p = he larger of 7 or &
10, 4§ must be <&

gure 24. Worksheet for Example Problems 11 and 12



DESIGHER: DATE:

PROJECT:

eI TO STATION:
DRAINAGEAREA: ___ ACRES

DESIGN FLOW: & = . Jsee,

DESIGH FLOW FOR TEMPORARY LINING; ¢ _ = ft. Jsee.
CHAMMEL SLOPE (S) e ILITL.
CHAMNMEL DESCRIPTION:

RIPRAP (Exarmple 11)

1 1 2 3

GABIDN (Example 12)
Rock | 4 z Matress £ i = "r'uﬁl
sFllll Thickness mal‘ll:-"re-ﬂa e E

e 8 9 10
E, Charls 19-22
T.Chart 23
E. Charl 24

8, Fp = the larger of T or 8
10. G must be 5 2p

pure 25. Worksheet for Steep Slope Channel Design

Table 4. Values of A3/A, for Selection Side Slope and Depth to Bottom Width Ratios?!
Az/A,

d/B 1V:2H 1V:3H 1Vv:4H 1V:5H 1V:6H




0.10 1.083
0.20 1.142
0.30 1.187
0.40 1.222
0.50 1.250
0.60 1.272
0.70 1.201
0.80 1.307
0.90 1.321
1.00 1.333
1.10 1.343
1.20 1.352
1.30 1.361
1.40 1.368
1.50 1.378
1.60 1.381
1.70 1.386
1.80 1.391
1.90 1.395
2.00 1.400

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.866
0.800
0.760
0.733
0.714
0.700

0.688

0.812
0.727
0.678
0.647
0.625
0.608
0.596
0.586
0.578
0.571
0.565
0.561
0.556
0.553
0.550
0.547
0.544
0.542
0.540
0.538

1pased on the following equation:
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Chart 15. Sigep®lope Ri@rap Design, Triangular Channel z=3
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Design Composite Lining
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Composite Lining Design

Composite linings protect the bed of a channel against the higher shear stress occurring in that portion of the
channel. The distribution of shear stress in a trapezoidal channel section (see Figure 18, Chapter 3) is such that the
maximum shear stress on the sides of the channel is significantly less than on the channel bottom. This allows for a
channel lining material to be used on the side slopes that has a lower permissible shgar stress that the lining
material used for the bottom of the channel. The maximum shear on the side of the nel is given by the following
equation:

Ts=KiTg

(15)
where:
K, is a function of channel geometry and is given in Chart 13.

T4 IS the shear stress at maximum depth.

It is important that the bed lining material cover the entire channel bo
To guarantee that the channel bottom is completely protected, the be
up the side slope.

uate protection is provided.
be extended a small distance

Computation of flow conditions in a composite channel req n equivalent Manning's n value for the
entire perimeter of the channel. For determlnatlon of ughness, the channel area is divided into two

parts of which the wetted perimeters and Ma ow- flow section and channel sides are known
These two areas of the channel are then assu mean velocity. Chart 25 provides a means of

determining the equivalent roughness coefficient, [ applications of two channel linings.

Another important use of composite linin
flows will usually kill the submerged veg ib%e soils, this leads to the formation of a small gully at the

ing during higher flows, causing additional erosion, and can

riprap. The dimensions of the low- e sufficient to carry frequent low flows but only a small portion of
nnel is covered with vegetation.

Special Consider

When two lining materials significantly different roughness values are adjacent to each other, erosion may
occur near the boundary of two linings. Erosion of the weaker lining material may damage the lining as a whole.
In the case of composite channel linings with vegetation on the banks, this problem can occur in the early stages of
vegetative establishment. A temporary lining should be used adjacent to the low-flow channel to provide erosion
protection until the vegetative lining is well established.

Design Procedure




Composite Lining Design Procedure

The procedure for composite linings designs consists of the following steps.

J Step 1. Determine the permissible shear stress 1y, for both lining types.(see Table 2)
jlStep 2. Estimate the depth of flow, d;.

"Step 3. Determine Manning's n for each lining type. (Table 3 for non-vegetative linings and Chart 5,
Chart 6, Chart 7, Chart 8, and Chart 9 for vegetative linings.)

’Step 4. Compute the ratio of rougher to smoother Manning's n values, n,/n;.

jStep 5. Determine the hydraulic radius, R. and the wetted perimeter, P. for th&@Rtire channel section

(Chart 4 or equations in Appendix A).

J Step 6. Compute the ratio of low-flow channel wetted perimeter, P

P p)

otal eter, (

"Step 7. Determine a compound lining factor, K¢, from Char

from,
L 2

n=Keg Ny

lat effective Manning's n

where:

n; = Manning's n for smoother lining.
J Step 8. Determine channel flow d the effective Manning's n.

J Step 9. Compare estimated flo
than 0.03 m repeat steps 3 th h

ith*Calculated flow depth, d. If the difference is greater

J Step 10. De ine the s stress at maximum depth, t4, and the shear stress on the channel

side slope, 14
T4 = ydS
and
Ts =Ky 14 (15)

Where K, is from Chart 13.

J Step 11. Compare the shear stresses, 14 and tg, to the permissible shear stress, 1, for each of the
d s p
channel linings. If T4 or 14 is greater the T, for the respective lining, a different combination of linings
should be evaluated.

The design procedure is demonstrated in the following example. The worksheet at the end of this
chapter (Figure 28) is provided for carrying out the compound lining design procedure computations.




Example Problem

Example #13:
Determine the channel design for a composite concrete and vegetation lining.

Given: Q = 0.28 m3/s.

S =0.02 m/m
Trapezoidal channel shape
Z=3

Concrete low-flow channel, 0.91 m wide

Class C Vegetatio

Find:

& Effective Manning's n.
& 2 Flow depth in channel.
& 3. suitability of channel lining m .

Solution:

) 1. Permissible shear st or Cla etation, Tp= 47.88 N/m2 and concrete is a non-erodible,

rigid lining.
& 2. Initial deptf

F 3. From Chart 4N@Wen d/B = 0.33

R/d = 0.64
R=0.19m
A/Bd = 2.0
A =2.0x0.91x0.30 =0.55 m?2
P=A/R=0.55/0.19=28m

The concrete lining provides the low-flow channel, as given in the sketch,
P = 0.91
Fe /P =0.91/2.62 = 0.34

& 4. From Chart 7 for Class C vegetation, n, = 0.083




From Table 3 for concrete, n;= 0.013
n, /n,= 0.083/0.013=6.4

& 5. From Chart 25 given Fp /P=0.34 and n, /n; = 6.4

K = 5.0
n=5.0 x 0.013=0.065

& 6. From Chart 3for S = 0.02, given Qn =0.0184 and B = 0.91

d/B =0.28
d=0.25m

The difference between calculated depth and estimated depth is greater than 0,03 meters; therefore
repeat steps 3 through 6.

& 3.The revised depth of flow is 0.25 m From Chart 4, given d/B = 0.28,

R/d = 0.66

R=0.17m

A/Bd = 1.84

A=0.42 m2

P =0.42/0.17=2.5

Py /P =0.91/2.47=0.36

& 4. From Chart 7 for Class C vegetation, n, = 0&3
n,/n, =0.095/0.013=7.3

& 5. From Chart 25, given F2/P=0.36
Ke=5.5

& 7. The Shear Stre at maximum depth from equation 5,
Ty4 = ydS = 9810 x 0.264 x 0.02 = 52.0 N/m?
The maximum shear stress on the sides of the channel is determined from equation 15.
Ts = Ky 1¢g

where the shear stress ratio, Ky, is determined from Chart 13 given Z = 3 and B/d = 3.45, as K; =
0.87

T =0.87 x 52.0 = 45.2 N/m2

& 8 The maximum shear stress on the channel side slopesis less than permissible, so the lining is



acceptable.

DESGMER: DATE:
PROJECT:
STATION: TO STATION:
DRAINAGE AREA"
DESIGH FLOW: O =
DESIGH FLOW FOR TEMFORARY LIMNING: Q=
CHANMNEL SLOPE I5):
CHANMMEL DESCRIFTION;
Lining Type
Low Flow
Rida
g | R '"HET
& & B
1. Table 2 B Chart 25
2z, I'Il:ll'la'n.'EgEI: an= H-'L'.'- nq
10, Chart rrapgernidal channels
erimeter H'TI:E ='|":}E e i
12, Chart 13
13.T, = Ky
loYmoother n i -
ed pirimeter Ty must be g Tp for sides

Figure 27. Worksheet for Compound Lining Design



DESIGNER: DATE:!

PROJECT: ______Example Problem 13

STATION: TO STATION:
DRAINAGE AREA: . ACRES

DESIGN FLOW: O = _ 0283 m'isec

DESIGN FLOW FOR TEMPORARY LINING: Q= m¥/sec
CHANMNEL SLOPE (S): 202 mim

CHANNEL DESCRIPTION: ;‘ ai

T
Lining Type Pln|F

1 2 < 2
Low Flow| Concrete - |.013 0814

Side grazs-clags C | 1.00 | 085 |For 0.256 m
A8 for 0.3048 m

d, R _:?_ Remarks
15 )€
d=dj
ts L 4 '[P
oK
B Char 26
an=Keng
10. Chart 3, trapezoidal channaols
1.1g4 =1dS

Td must be = Tp for lowflow
12. Chart 13

10.Tg=KqTq
Ty must be < Tp for sides

Figure 28. Worksheet for Example Problem 13
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Equations for Various Channel Geometries
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Resistance Equations

Resistance to flow in open channels with flexible linings can be accurately described using the
universal-velocity-distribution law (7). The form of the resulting equation is:

V = V. [a + b log (R/kg)] (16)

where:

V = mean channel velocity
V. = shear velocity which is (gRS)0-5

a, b = empirical coefficients
R = hydraulic radius
ks = roughness element height

g = acceleration due to gravity.

Values of kg and the empirical coefficients, a and b for different lining rial en in Table 5. These values are

based on an analysis of data collected by McWhorter et @Pan (14,15) for the Department of
Transportation. The coefficients for riprap were developed lo cConaughy (19) and the coefficients for
vegetation are from work by Kouwen et al (6).

Manning's equation (equation 1) and equatio bin give Manning's roughness coefficient n in terms
of the relative roughness. The resulting equatio

1 Rk (17)

kB 313a+b log{R/

The n value is divided by the rough
dimensionless.

height e one-sixth power in order to make both sides of the equation

Figure 29 shows the be
roughness less than 10, §
channels will typically fall
20 percent.

versus relative roughness. It can be seen that for values of relative

@aNt variation in the n value. Flow conditions in small to moderate sized
¥ range of relative roughness from 10 to 100. Over this range, the n value varies about

The relative roughness of ve@8ative channel linings depends on physical characteristics of the grass as well as the
shear stress exerted on the grass. With grasses, the relative roughness will vary depending on the bending of the
vegetation with the degree of bending being a function of the stiffness of the vegetation and the shear stress
conditions.(6) Roughness height for vegetation is given by:



equation 18

K
tE 0.14[(@)”4 h e (18)
h T

where:

h = average height of vegetation

7 = Avg. shear stress
MEI = stiffness factor.

Values of h and MEI for various classifications of vegetative roughness, known as retardance classifications, are given
in Table 6.

In this range, the variation in
erage value. By combining
draulic radius and

The relative roughness for grasses in classifications A through E is typically less than
the Manning's roughness coefficient is substantial, and it is not acceptable to use only &
equations 17 and 18, the Manning's roughness coefficient can be described as a functj

tractive force. The resulting equation is:
equation 19

1B
R (19)

e 19.97logiR"45™4)

where:
C is 19.97 log (44.8 h0-6 MEI?-4) and depends on th€ class tloN.

Design charts for determining Manning's n for vegetative cha inings were developed by plotting values given by

equation 19.

icients for Resistance Equation

Lining Material
h — |
Woven Paper 1.2 0.73 8.00
Jute Mesh 0.038 11.6 0.74 8.04
Fibergla: 0.035 10.7 0.73 8.00
Straw with 0.12 36.6 0.72 7.83
Curled Woo 0.11 335 0.65 7.10
Synthetic Mat 0.065 19.8 0.96 8.13
Riprap D50 2.25 5.23
Vegetation equation 19 0.42 5.23

Table 6. Relative Roughness Parameters for Vegetation

Retardance Class Average Height, h Stiffness MEI
i

A 3.0 910 725 300

B 2.0 610 50 20

C 0.66 200 12 0.5

D 0.33 100 0.12 0.05
E 0.13 40 0.012 0.005
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General

he riprap size required to
ents often protrude from the

The design of riprap for steep gradient channels presents special problems. On steej
stabilize the channel is often of the same order of magnitude as the depth of flow. Tha
flow, creating a very complex flow condition.

jradient
\orap e

Laboratory studies and field measurements (20) of steep gradient channels oyl that additional factors need to be
considered when computing hydraulic conditions and riprap stability. Th men@of design procedures for this manual
has, therefore, been based on equations that are more general in nature irectly for several additional forces
affecting riprap stability. The Bathurst resistance equation is?ed ydraulic conditions in steep gradient channels and
the factor of safety method is used to assess riprap stability. ' of both methods is given in this Appendix A and

the assumptions used in developing the design procedures are

Bathurst Resistance

ss is derived from the form drag of the roughness elements and
the distortion of the flow as it passes aroun ents. Consequently, a flow resistance equation for these conditions
has to account for skin friction and form dra@: e shallow depths of flow and the large size of the roughness
elements, the flow resistance will vary wi ' ess area, roughness geometry, Froude number (the ratio of inertial

? ber (the ratio of inertial forces to viscous forces).

Most of the flow resistance in channels with lar

ionships in a semi-empirical fashion. The work shows that for Reynolds
tance is likely to fall significantly as Reynolds number increases. For Reynolds
nolds effect on resistance remains constant. When roughness elements protrude through
the free surface, resistance increas@a significantly due to Froude number effects, i.e., standing waves, hydraulic jumps, and
free-surface drag. For the channel a§& whole, free-surface drag decreases as the Froude number and relative submergence
increase. Once the elements are submerged, Froude number effects related to free-surface drag are small, but those related to
standing waves are important.

Bathurst's experimental work q
numbers in the range of 4 x 104 t
numbers in excess of 2 x 109, the

The general dimensionless form of the Bathurst equation is:



The functions of Froude number, roughness element geomew, n

I"-,-"I e] Ij‘1."Ei
= [ ] =f iFr)=f (REG)=f [(Ci5) (20)
W ﬁ n

where:

V = mean velocity divided by the shear velocity.
Vi

Vais (gdS)05

d = mean flow depth, m

g = acceleration due to gravity

n = Manning's roughness coefficient

Fr = Froude number

REG = roughness element geometry

CG = channel geometry.

eometry are given by the following equations:

(21)
Tk Rl = (D'—EBF”'DQ[D.?EEIM Q
Q (22)
fn(REG)=13.434(\; 0492 |, TNQUT Vo)
(23)
fn(r:ra]_%)—h

where:

T = channel top width
Y59 = mean value of the distribution of the average of the long and median axes
of a roughness element



b = parameter describing the effective roughness concentration.

The parameter b describes the relationship between effective roughness concentration and relative submergence of the
roughness bed. This relationship is given by:

d B (24)
b =al—]
S50

where:

Ssp = mean of the short axis lengths of the distribution of roughness elg
a, ¢ = constants varying with bed material properties.

The parameter, c, is a function of the roughness size distribution argvarre
with respect to the bed-material gradation. o, where: ‘

(25)
c =0.648 g 0.134

For standard riprap gradations the log standard deviat to be constant at a value of 0.182 , giving a c value of

0.814.

The parameter, a, is a function of channel widt al size in the cross stream direction, and is defined as:

¥

=

In solving equation 20 for use
standard riprap gradations. The

)s assumed that the axes of a riprap element are approximately equal for
D5, Is therefore substituted for Dgg and Sgp parameters.

Riprap Stability

The stability of riprap is determined by analyzing the forces acting on individual riprap element and calculating the factor of
safety against its movements. The forces acting on a riprap element are its weight (W), the drag force acting in the direction of

flow (Fg), and the lift force acting to lift the particle off the bed (F, ). Figure 30 illustrates an individual element and the forces
acting on it. The geometric terms required to completely describe the stability of a riprap element include:



a = angle of the channel bed slope

3, & = angles between the two vectors: weight and drag, and their resultant in the plane of the side slope,
respectively

8 = angle of the channel side slope

@= angle of repose for the riprap.

As the element will tend to roll rather than slide, its stability is analyzed by calculating
about the contact point, c, with an adjacent riprap element as shown in Figure 30 . The

the patrticle is:
22 WgcosB = pq WgsinB cosB g3 Fycosd+ g4 FL

moments causing the particle to roll
ation describing the equilibrium of

The factor of safety against movement is the ratio of moments resisting moti

lves several assumptions and a complete derivation is given in
used to compute the factor of safety:

ts causing motion. This yields:

2 W cosd

Sk
W sing cosf+Eqbg COS+24H
(28)

re:

Whe

SF = Safety Factor
ation 28

W

Evaluation of the forces and moment arms for eg
Simons and Senturk.(21) The resulting set of ec

cosd tan
SF = — . (29)
ntaﬂ¢+5lﬂﬂt
A COS o
% i 25ing : (30)
+ 51 o

7 tan ¢



y = & (31)
F, {vs —+D&ag

o T+sinfe +5)
s 5

(32)

where :
T4 = side slope shear stress
F« = dimensionless critical shear stress
Ys = specific weight of the rock ’
y = specific weight of water
Dsg = median diameter of the riprap
n = stability number
n' =side slope stability number.
The side slope shear stress can be computed as:

g =H“]TD

(33)

K, can be obtained from Chart epose @ may be obtained from Chart 12.

In the derivation given in Simons

larger values for large-diameter par
numbers encountered in steep gradi

Senturk (21), F+ was equal to 0.047. Recent studies (22) have shown F to take on much

es in flow conditions having a high Reynolds number. Based on this work and Reynolds
Channels, the design procedure sets F« equal to 0.15.




Solution Procedure

The solution procedure using the Bathurst resistance equation and factor-of-safety approach to riprap stability is outlined in the
flow chart given in Figure 31. A factor of safety of 1.5 is used. This value was used in developing the design charts of this

manual ( through 18).
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Figure 31. Hydraulic Forces Acting on a Riprap Element
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The Specifications in this Appendix A are presented for the information of the desi and should be modified as

required for each individual design.

Riprap

Description

This work consists of furnishing Materials an
side slopes of channels, or as directed by t

The types of riprap included in this spe

. Rock riprap. Riprap consist
well graded mass with a migi

b. Gravel channel liging. Gra
with-a minimum

aced on filter blanket or prepared slope to form a well graded mass

Materials

. Rock riprap. Stone used for riprap shall be hard, durable, angular in shape; resistant to weathering and
to water action; free from overburden, spoil, shale and organic material; and shall meet the gradation
requirements specified. Neither breadth nor thickness of a single stone should be less than one-third its
length. Rounded stone or boulders will not be accepted unless authorized by special provisions. Shale
and stone with shale seams are not acceptable. The minimum weight of the stone shall be 155 pounds



per cubic foot as computed by multiplying the specific gravity (bulk-saturated-surface-dry basis,
AASHTO Test 85) times 62.3 pounds per cubic foot.

The sources from which the stone will be obtained shall be selected well in advance of the time
when the stone will be required in the work. The acceptability of the stone will be determined by
service records and/or by suitable tests. If testing is required, suitable samples of stone shall be
taken in the presence of the engineer at least 25 days in advance of ti@time when the placing of
riprap is expected to begin. The approval of some rock fragments from 3g@articular quarry site
shall not be construed as constituting the approval of all rock fragme from that quarry.

posure to which
3 as stated in the

In the absence of service records, resistance to disintegration from t
the stone will be subjected will be determined by any or all of t
special provisions:
1. When the riprap must withstand abrasive actign ateilal transported by the
stream, the abrasion test in the Los Angeles sh Iso be used. When
the abrasion test in the Los Angeles machine S est 96) is used, the
stone shall have a percentage los$%0f n 40 after 500 revolutions.

2. In locations subject to freezing or wh he s s exposed to salt water, the
sulfate soundness test (AASHT st for ledge rock using sodium sulfate)
shall be used. Stones sh nof@xceeding 10 percent with the
sulfate test after 5 cycles.

3. When the freezing and
procedure A) is used
have a loss not e

t (AASHTO Test 103 for ledge rock
sistance to weathering, the stone should
cent after 12 cycles of freezing and thawing.

Each load of riprap shall b
specified. Stonesgialler tha
amount exceeding

graded from the smallest to the maximum size
specified 10 percent size and spells will not be permitted in an
ight of each load.

Control of gradatio
of at least 5 tons ead

; WBLal inspection. The contractor shall provide two samples of rock
eeting the gradation specified. The sample at the construction site may
be a part of the finish&&riprap covering. The other sample shall be provided at the quarry. These
samples shall be used'@s a frequent reference for judging the gradation of the riprap supplied.
Any difference of opinion between the engineer and the contractor shall be resolved by dumping
and checking the gradation of two random truck loads of stone. Mechanical equipment, a sorting
site, and labor needed to assist in checking gradation shall be provided by the contractor at no
additional cost to the State.

b. Gravel channel lining. Gravel riprap shall consist of gravel or crushed rock of the thickness and



gradations shown on project drawings. All material comprising the riprap shall be composed of tough
durable particles reasonably free of thin, flat, or elongated particles and shall not contain organic matter.

Construction Requirements

DS, and other objectionable
e removed to the depth
gtive material. Filled

d maintained until the

. General. Slopes to be protected by riprap shall be free of brush, trees,

shown on the plans or as directed by the engineer and replaced with
areas will be compacted and a toe trench as shown on the pla

undation construction
permits. The area to be protected shall be cleared of was i d the surfaces to be
protected prepared as shown on the plans. T typ [ specitied will be placed in
accordance with these specifications as modi lal provisions.

e placed on the prepared slope or
ied before the stone is placed.

The contractor shall maintain the riprap n the contract has been completed and
accepted. Maintenance shall consi air of areas where damaged by any cause.

b. Rock riprap. Stone for riprap shalfbe pla the prepared slope or area in a manner which will
produce a reasonably well-gr one with the minimum practicable percentage of voids.
The entire mass of stone s as to be in conformance with the lines, grades, and
thicknesses showg on the p Riprap shall be placed to its full course thickness at one operation and

in such a mannei\@ - cing the underlying material. Placing of riprap in layers, or by
dumping into chut

The larger stones s pe well distributed and the entire mass of stone shall conform to the
gradation specified bj@he engineer. All material going into riprap protection shall be so placed

and distributed so that\@ere will be no large accumulations of either the larger or smaller sizes of
stone.

It is the intent of these specifications to produce a fairly compact riprap protection in which all
sizes of material are placed in their proper proportions. Hand placing or rearranging of individual
stones by mechanical equipment may be required to the extent necessary to secure the results
specified.



Unless otherwise authorized by the engineer, the riprap protection shall be placed in conjunction
with the construction of the embankment with only sufficient lag In construction of the riprap
protection as may be necessary to allow for proper construction of the portion of the embankment
protected and to prevent mixture of embankment and riprap. The contractor shall maintain the
riprap protection until accepted, and any material displaced by any cause shall be replaced to the
lines and grades shown on the plans at no additional cost to the State

When riprap and filter material are dumped under water, thickness of thes
as shown on the plans; and methods shall be used that will minimize

c. Gravel channel Lining. Gravel for riprap shall be placed on the prep pr area.

ers shall be increased

/

Measurement for Payment
The quantity of riprap to be paid for, of specified th@ne e t, in place and accepted, shall be
measured by the number of cubic yards as computed su easurements parallel to the riprap
u
e

d to remove and dispose of the excess riprap

surface and thickness measured normal to the ripap s . riprap placed outside the specified limits will
not be measured or paid for, and the contr r r

without cost to the State.

Basis for Payment

Quantities shall be paid for at th
shall be full compensatign for furn
placing of the riprap; t iIng wh
accordance with these :

tra
ing all erial, tools, and labor; the preparation of the subgrade; the
equired; and all other work incidental to finished construction in

e per cubic yard and shown in the bid schedule which price

Wire Enclosed Riprap




Description

This work will consist of furnishing all materials and performing all work necessary to place wire enclosed
riprap on bottoms and side slopes of channels or as directed by the engineer. Wire enclosed riprap consists
of mats or baskets fabricated from wire mesh, filled with stone, connected together, and anchored to the
slope. Details of construction may differ depending upon the degree of exposure and the service, whether
used for revetment or used as a toe protection for other types of riprap.

Materials

Material requirements shall meet those given for riprap, except for si of stone. Stone used
shall be well graded and the smallest dimension of 70 percent of sj [ shall exceed the wire
mesh opening. The maximum size of stone, measured normal all not exceed the mat or
basket thickness.

Wire mesh shall be galvanized woven fencing confgnin the @Recifications for fence fabric, and shall be of
the gage and dimensions shown on the plans. Ties anghlac A8shall be No. 9 gage galvanized unless
otherwise specified.

Construction Requirements

Construction requirements shall meet t

machine-formed to the dimensions sho lafis. These units shall be placed, laced, and filled to

provide a uniform, dense, protectiv, area specified.

Perimeter edges of wire S are to be securely selvedged or bound so that the joints formed by
tying the selvedges ha he same strength as the body of the mesh. Wire-enclosed units shall
be tied to its neighbors 3 aciWrg edges at 1 foot intervals in order to form a continuous connecting
structure

Mattresses and baskets on\@hannel side slopes should be tied to the banks by anchor stakes driven 4 feet
into tight soil (clay) and 6 feq@into loose soil (sand). The anchor stakes should be located at the inside
corners of mattress or basket diaphragms along an upslope (highest) wall, so that the stakes are an integral
part of the mattress or basket. The exact maximum spacing of the stakes depends upon the configuration of
the mattress or basket; however, the following is the minimum spacing: Stakes every 6 feet along and down
the slope for slopes 2.5H:1V and steeper, and every 9 feet along and down the slope for slopes flatter than
2.5H:1V.



Channel linings should be tied to the channel banks with wire-enclosed riprap counterforts at least every 12
inches. Counterfronts should be keyed at least 12 inches into the existing banks with slope mattress or
basket linings and should be keyed at least 3 feet by turning the counterfront endwise when the lining is
designed to serve as a retaining wall.

Measurement for Payment

The quantity of wire-enclosed riprap of specified thickness and extent in plagghe ccepted, shall be
measured by the number of square yards obtained by measurements para lorap surface. Riprap
placed outside the specified limits will not be measured or paid for, and the ay be required to
remove and dispose of the excess riprap without cost to the State.

Basis for Payment

Quantities shall be paid for at the contract unit pric@er
price shall be full compensation for furnishing all mategal,

e y@ids and shown in the bid schedule, which
to
the placing of the stone; and all other work incidental to X

labor; the preparation of the subgrade;
hed cOfistruction in accordance with these

Woven Paper Net

specifications. Q

Description

This work shall consist of f
erosion control on roadway,

ishing materials and all work necessary to install woven paper net fabric for
ches, or slopes, or as directed by the engineer.




Materials

Materials shall consist of knitted plastic net, interwoven with paper strips. The yarn shall be of
photodegradable synthetic types and the paper shall be biodegradable. Staples shall be 6 inches and 12
inches in length, and composed of high carbon iron.

Construction Requirements

Woven paper net shall be placed on the prepared slope or seedbed area gcen prepared and
leveled according to various other sections in these specifications. If seedi zer are in the
provisions, they should be applied immediately before laying the fabpi

Woven paper net shall be applied on slopes with the fabric running : m the top of the slope. In

I The fabric shall be secured
and buried in a 4 inch trench, 1 foot back from the crown and a
shall secure the fabric at 9 inch intervals along the aps and at 3 foot intervals down the center
of the fabric roll. Rolls shall overlap 4 inches. Woven
the surface.

the contract has been completed and
here damaged by any cause. All damaged areas
e solil prior to application of the covering and shall

The contractor shall maintain the fabric bla
accepted. Maintenance shall consist of the r
shall be repaired to reestablish the conditi
be refertilized, reseeded, and remulcheglé&s

Measurement for Payment

jng staples, completely in place and accepted, shall be measured by
owance will be made for overlap. Woven paper net placed outside
d or paid for and the contractor may be required to remove or dispose

The quantity of woven
the square yard of finis
the specified limits will na
of the excess without cost

Basis for Payment

Quantities shall be paid for at the contract unit price per square yard which price shall be full compensation
for furnishing all Materials, tools, and labor; the preparation of the subgrade; the placing of the woven paper
net; and all other work incidental to finished construction in'accordance with these specifications.




Jute Net

Description

This work consists of furnishing materials and performing all work necessa
ditches or slopes or as directed by the engineer.

@ te net on roadway

Materials

Jute net shall consist of heavy mesh of a uniform oﬁn a\® of unbleached, smolder-resistant, single
jute yarn. The yarn shall be of a loosely twisted constr@@kion n average twist of not less than 1.6 turns
per inch and shall not vary in thickness by more thag on If its normal diameter. The jute net shall be
furnished in approximately 90-pounds roll [ ha et the following requirements:

Length: approximately 75 yards
Width: 48 inches + 1 inch
78 warp ends per width off@loth
41 weft ends per yard
Weight: 1.22 Ib per linear yar@with nt

Staples shall be 3, 6,
engineer.

inche ength, and composed of high carbon iron or as specified by the

Construction Requireme

The blankets shall be place designated locations immediately after seeding and mulching operations have
been completed. The material shall be applied smoothly but loosely to the soil surface without stretching. The
upslope end of each piece of jute net shall be buried in a narrow trench 6 inches deep. After the jute is buried,
the trench shall be firmly tamped closed.

In cases where one roll of jute mesh ends and a second roll starts, the upslope piece should be brought over



the buried end of the second roll so that there is a 12 inch overlap to form a junction slot. Where two or more
widths of jute net are applied side by side, an overlap of at least 4 inches must be made.

Check slots should be made before the jute net is rolled out. A narrow trench should be dug across the slope
perpendicular to the direction of flow. A piece of jute, cut the same length as the trench, is folded lengthwise.
The fold is placed in the trench and the trench is tamped closed. The portion of the jute remaining above
ground is unfolded and laid flat on the soil surface. Check slots will be spacghl so that one check slot or
junction slot occurs without each 50 feet of slope. Overlaps which run down tN@slope, outside edges and
centers shall be stapled on 2-foot intervals. Each width of jute net will have 3 staples down the center
as well as along each edge. Check slots and junction slots will be stapled g hinch intervals.

For extra hard soil, use 0.075 sharp-pointed fence-type staples, compgsed ed steel.

The jute net must be spread evenly and smoothly and be in contag egeeded area at all points. The
contractor shall maintain the jute mesh until all work on the cograd
Maintenance shall consist of the repair of areas where damag
repaired to reestablish the condition and grade of t%soil lor t
refertilized, reseeded and remulched as directed.

Be. All damaged areas shaII be
ppllca lon of the covering and shall be

Measurement for Payment

e and accepted, shall be measured by the
made for overlap. Mat placed outside the specified limits
y be required to remove and dispose of the excess

The quantity of jute net, including staples, com

square yard of finished surface. No allo [
will not be measured or paid for, and th@contra
mat without cost to the State.

Quantities shall be paid »’ A act unit price per square yard which price shall be full compensation
for furnishing all Materials\@@®1s, and labor; the preparation of the subgrade; the placing of the jute net; and
all other work incidental to NBished construction in accordance with these specifications.

Basis for Payment




Fiberglass Roving

Description

This work consists of furnishing Materials and performing all work necessary
roadway ditches or slopes, or as directed by the engineer.

tall fiberglass roving on

Materials

a. General requirements. The material shall be formed from fib@s drawn from molten glass,
coated with a chrome-complex sizing compound, collected into ghtly bound together into roving
without the use of clay, starch, or like deleterious s*sta roving shall be wound into a cylindrical
package approximately 0.30 m high in such a manner can be continuously fed from the center
of the package through an ejector driven by compress [ anded into a mat of glass fibers on the
soil surface. The material shall contain no or other agents known to be toxic to plant or

animal life.

olv

Liquid asphaltic Materials shall conform to the of AASHTO M81, M82, and M141 for the

designated types and grades.

rovin

b. Detailed requirements. The fib hall conform to these detailed requirements:

Property Limits Test Method
Strands/Rove 56-64 End Count
Fibers/Strand 184-234

Fiber Diameter, inch

(Trade Designation-G) 0.00035-0.0004 ASTM D 578
Yd/lb. of Sand 13,000-14,000 ASTM D 578
Yd/Ib. of Rove 210-230 ASTM D 578
Organic content, percent maymum
Package Weight, Ib. 0.75 ASTM D 578

30-35 ASTM D 578




Construction Requirements

The fiberglass roving shall be applied over the designated area within 24 hours after the normal seeding
operations have been completed.

The fiberglass roving shall be spread uniformly over the designated area to form a random mat of continuous
glass fibers at the rate of 0.25 pounds per square yard. This rate may be vaaied as directed by the engineer.

The fiberglass roving shall be anchored to the ground with the asphaltic Mate[l8
glass fibers at the rate of 0.25 gallon per square yard. This rate may be varj

applied uniformly over the
ected by the engineer.

I"Y. Instructions for
¥ encountered.

The upgrade end of the lining shall be buried to a depth of 1 foot to preven
slope and ditch protection may be stipulated by the engineer to fit t

The contractor shall maintain the roving until all work on the contr completed and accepted.
Maintenance shall consist of the repair of areas where damag&@ b cayse. All damaged areas shall be
repaired to reestablish the condition and grade of the soil prior pp of the covering and shall be
refertilized, reseeded and remulched as directed.

Measurement for Payment

Fiberglass roving will be measured by the po antity to be measured will be that actually used
on the project. Roving placed outside the [ imits will not be paid for and the contractor may be
required to remove and dispose of the ' ithout cost to the State.

Basis for Payment

Quantities shall be paidgio
shall be full compensatid w
placing of the roving, anc '
specifications.

Il Materials, tools, and labor; the preparation of the subgrade, the
incidental to finished construction in accordance with these




Curled Wood Mat

Description

This work consists of furnishing materials and performing all work necessar install curled wood mat on

roadway ditches or slopes, or as directed by the engineer.

Materials

All materials shall meet the requirements of the following specificatj shall consist of a
machine produced mat of curled wood excelsior of 80 percent, 8 i dghger fiber length with consistent
thickness and the fiber evenly distributed over the entire area qith gl he top side of the blanket shall

be covered with a biodegradable extruded plastic mesh. The bl3ket e made smolder resistant without
the use of chemical additives. ‘

Width 48 inch + 1 In

Length 180 feet

Weight per roll
Weight per m2
Volume per roll

Pins and staples shall be made of high
have legs 8 inches long and a 1-in
bending. The bar of the "T" shall
approximately 3/4-inch.

0.162 or larger in diameter. "U" shaped staples shall
aped pins shall have a minimum length of 8 inches after
es long with the single wire end bent downward

Construction Require

The area to be covered sh e properly prepared, fertilized, and seeded before the blanket is placed. When
the mat is unrolled, the nettiN@ shall be on top and the fibers shall be in contact with the soil. In ditches,
blankets shall be unrolled in the direction of the flow of water. The end of the upstream blanket shall overlap
the buried end of the downstream blanket a maximum of 8 inches and a minimum of 4 inches, forming a
junction slot. This junction slot shall be stapled across at 8-inch intervals. Adjoining blankets (side by side)
shall be offset 8 inches from center of ditch and overlapped a minimum of 4 inches. Use 6 staples across the
start of each roll, at 4-foot intervals, alternating the center row so that the staples form an "X" pattern. A



common row of staples shall be used on adjoining blankets.

The contractor shall maintain the blanket until all work on the contract has been completed and accepted.
Maintenance shall consist of the repair of areas where damaged by any cause. All damaged areas shall be
repaired to reestablish the condition and grade of the soil prior to application of the covering and shall be
refertilized, reseeded, and remulched as directed.

Measurement for Payment

Curled wood mat, including staples, completely in place and accepted, will
of finished surface. No allowance will be made for overlap. Mat place
measured or paid for, and the contractor may be required to remoy,
to the State.

(d by the square yard
ecified limits will not be
pOSEedT the excess without cost

Basis for Payment ‘

Quantities shall be paid for at the contract unit price p uare and shown in the bid schedule, which
price shall be full compensation for furnishing all ' ols, and labor; the preparation of the subgrade;
the placing of the matting; and all other wol%g fi ed construction in accordance with these
specifications.

Straw with Net

Description

This work consists of furnishi®g materials and performing all work necessary to install straw with net on
roadway ditches or slopes, or as directed by the engineer.




Materials

. Straw. Straw shall be derived from wheat, oats, or barley. The contractor shall furnish evidence that
clearance has been obtained from the county agricultural commissioner, as required by law, before
straw obtained from outside the county in which it is to be used is delivered to the site of the work.
Straw that has been used for stable bedding shall not be used.

erial, extruded in such a
e furnished in rolls to

b. Plastic net shall be an extruded polypropylene or other approved plasti
manner as to form a net of 3/4-inch minimum square openings. The
meet the following characteristics:

Width 48 inch, minimum
Length 50 yard, minimum, convenient lengths
Weight 2.6 1b/1000 2, minimum

c. Pins and staples shall be made of high carbon iron wire in diameter. "U" shaped staples
shall have legs 8 inches long and a 1-inch crQan. "L sha pins Shall have a minimum length of 8
inches after bending. The bar of the "T" shall t '@hes long with the single wire end bent
downward approximately 3/4 inch.

Construction Requirements

Plastic net shall be placed as soon as p ulching operations have been completed in locations

re straw mulch to the finished slope or ditch.

ake ready the areas for incorporating straw. Areas on
which straw is to be applied shall ch that the straw will be incorporated into the soil to the

Straw shall be uniformly sp
suitable, straw may be pne
unsuitable for incorporation i

ad at the rate specified in the special provisions. When weather conditions are
atically applied by means of equipment which will not render the straw
o the soil.

Straw shall be incorporated into the soil with a roller equipped with straight studs, made of approximately
7/8-inch steel plate, placed approximately 8 inches apart, and staggered. The studs shall not be less than 6
inches long or more than 6 inches wide, and shall be rounded to prevent withdrawing the straw from the soil.
The roller shall be of such weight as to incorporate the straw sufficiently into the soil so that the straw will on



and will leave a uniform surface.

The net shall be applied smoothly but loosely on the mulched surface without stretching. The net shall be
unrolled from the top to the bottom of the slope. The top edge of the net shall be buried and stapled at of the
slope in a narrow trench 6 inches deep. After the edge is buried and stapled, the trench shall be backfilled
and tamped.

In cases where one roll of net ends and a second roll starts, the upslope pie@
of the second roll so that there is a 4-inch overlap.

shall be brought over the start

AeSs must be made.
Fover 4 feet on each
to form an X shape

Where two or more widths of net are applied side by side, an overlap of at
Insert 1 staple every foot along top and bottom of edges of the net. Also, in
edge and down center of net so that the staples alternate between
pattern

The contractor shall maintain the straw with net until all work oR&h traghas been completed and

accepted. Maintenance shall consist of the repair of areas whergadam y any cause. All damaged areas
shall be repaired to reestablish the condition and gf@le rior to application of the covering and shall
be refertilized, reseeded, and remulched as directed.

Measurement for Payment

Straw with net, including staples, comple
finished surface. No allowance will be
not be measured or paid for, and th
without cost to the State.

and accepted, will be measured by the square yard of
. Straw and net placed outside the specified limits will
y be required to remove and dispose of the excess net

Basis for Payment

Quantities shall be paid f e contract unit price per square yard and shown in the bid schedule which
price shall be full compens@on for furnishing all materials, tools, and labor; the preparation of the subgrade;
and all other work incidenta@ finished construction in accordance with these specifications.




Synthetic Mat

Description

This work consists of furnishing materials and performing all work necessary
ditches or slopes, or as directed by the engineer.

tall nylon mat on roadway

Materials

Synthetic mat shall consist of three-dimensional structure of e onofilaments, melt-bonded at

their intersections, forming a stable mat of suitable weight and he mat shall be crush-resistant,
pliable, resilient, water-permeable, and highly resisiant to IG&ls and environmental degradation. The mat
shall comply with the following physical properties:

Material type Nylon 6 plus a minimum c
0.5 percent byawei ar
Filament diameter 0.157 inch, mi

Weight 0.747 + 0.075 Ib
Thickness 0.70 in, ming
Nominal width of roll 38 in

Nominal length of roll 109y

Color Bla

Tensile propertiesl

Strength
Length direction
Width direction
Elongation
Length direction
Width direction
Resiliency?
30 minute recovery 80 percent, minimum
(3 cycles)

0 percent, minimum
percent, minimum

IASTM D 1682 Strip test procedure modified to obtain filament bond strength to indicate tensile properties.



2Compression load cycling of 100 16/in2 on 2 inch x 2 inch sample size, crosshead speed of 2 in/min.

Pins shall be 1-inch x 2-inch x 12 inch wedge-shaped wood stakes or 12-inch x 12-inch x 6-inch 0.162-inch
gauge or larger, one-piece or two-piece, ungalvanized steel "T" pins.

Construction Requirements

All surfaces to be protected shall be graded and finished so as to be stable . Prepared surfaces that
become crusted shall be reworked to an acceptable condition before placi

Synthetic mat used as a ditch lining shall be applied with the length of roll |12 o the flow of water.
Start the installation with the initial strip placed in the center of the @ pverlap in the center of
the ditch. Where more than one width is required, a longitudinal |aj t less than 3 inches shall be

used, with the upslope width on top. All lap joints and upslope S pinned or staked at intervals of
3 feet or less.

All wood stakes shall be driven to within 2 inches oﬁe sWliface. All steel pins shall be driven flush to
the ground surface.

An anchor slot shall be placed at the upslo
of the end of the mat shall be buried vertica
slot by pins or stakes at intervals of 3 feet or |
mat in the slot.

ends of the mat placement. At least 12 inches
e soil. The mat shall be secured in the anchor
rying. The soil shall be firmly tamped against the

Successive lengths of mat shall be oye@@pped d@leaSt 3 feet, with the upstream length on top. Pin or stake
the overlap by placing 3 pins or st ly sg@ced across the end of each of the overlapping lengths and
by placing 3 pins or stakes acros wi e center of overlap area. Check slots shall be constructed by
placing a tight fold at | [ tically into the soil. Check slots shall be spaced so that a check slot
occurs within each 25 e mat in the check slot at each edge overlap and in the center of

mat.

Upslope edges of mat use
to the axis of the ditch for t
intervals, backfilled with soil,

ditch lining shall terminate on 6-inch wide horizontal shelves running parallel
ull length of the ditch. Edges of the mat shall be pinned or staked at 3-foot
d tamped to original slope.

After the mat has been placed, the area shall be evenly seeded as specified, allowing the seeds to drop to
the grade through the openings in the mat.

The contractor shall maintain the blanket until all work on the contract has been completed and accepted.
Maintenance shall consist of the repair of areas where damaged by any cause.



Measurement for Payment

Synthetic mat, including pins or stakes, complete, in place, and accepted, will be measured by the square
yard of finished surface. Mat placed outside the specified limits will not be measured or paid for and the
contractor may be required to remove and dispose of the excess mat withoyacost to the State.

Basis for Payment

Quantities shall be paid for at the contract unit price per square yard id schedule, which
price shall be full compensation for furnishing all materials, tools, a t aration of the subgrade;
placing of the mats; and all other work incidental to finished constr cordance with these

specifications. :

Filter Blanket Q

This work consists of furnishing rials rforming all work necessary to install filter blanket on
roadway ditches or slo r as di d by the engineer.

Description

Materials

The filter blanket will consis@@f one or more layers of gravel, crushed rock, or sand, of the thickness shown
on the plans. The gradation aterial in each layer of the filter blanket shall meet the requirements of the
special provisions. All material comprising the filter blanket shall be composed of tough, durable particles;
reasonably free from thin, flat, and elongated pieces; and shall be free from organic matter.




Construction Requirements

A filter blanket shall be placed on the prepared slope or area to the full specified thickness of each layer in
one operation, using methods which will not cause segregation of particle sizes within the filter material. The
surface of the finished layer should be reasonably even and free from mounds or windows. Multiple layers of
filter material, when shown on the plans, shall be placed in the same manner, using methods which will not
cause mixture of the material in the different layers.

The filter blanket shall be placed in accordance with various sections of thesg
of a filter blanket or as specified by the engineer.

ifications requiring the use

The contractor shall maintain the blanket until all work on the contract
Maintenance shall consist of the repair of areas where damaged b

ableted and accepted.

Measurement for Payment

The quantity of filter blanket to be paid for, of speci@d h d extent, in place and accepted, shall be
measured by the number of cubic yards as computed sur easurement parallel to the riprap surface
and thickness measured normal to the riprap surf Bl t placed outside the specified limits will not be
measured or paid for, and the contractor dt ove and dispose of the excess without cost
to the State.

Basis for Payment

Quantities shall be paid for at th
furnishing all materials, tools, and
other work incidental t

e per cubic yard, which price shall be full compensation for
r; the preparation of the subgrade; placing of the filter blanket ; and all
tion in accordance with these specifications.

Engineering Fabric




Description

This work consists of furnishing materials and performing all work necessary to install engineering fabric on
roadway ditches or slopes; or as directed by the engineer.

Materials

or a combination thereof.
o0 the following criteria:

The filter fabric shall be manufactured of polyester, nylon or polypropylene g
The material shall not act as a wicking agent, shall be permeable, and shall#onfo

For For Underdrains
Weight, ounces/yd2, minimum ASTM Designation D 1910 4.0
Grab tenslle strength (1-inch grip), b, minimum 90
Elongation, percent, minimum ASTM Designation, D 1682 10
Toughness, Ib, minimum (percent elongation x gratﬁa S 3.000 4,000

strength)

Construction Requirements

thickness in accordance with various sections of these
specifications requiring the use o abric or as specified by the engineer. The contractor shall
maintain the fabric until all work oNgliie con as been completed and accepted. Maintenance shall consist
of the repair of areas amag any cause.

Engineering fabric shall be placed t

Measurement for Paym

Engineering fabric to be paifor, of specified thickness and extent, in place and accepted, will be measured
in square yards in accordanc® with the provisions in the various sections of these specifications, requiring the
use of engineering fabric.




Basis for Payment

Quantities shall be paid for in accordance with the provisions in the various sections of these specifications
requiring the use of engineering fabric.

Go to Table of Contents
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Table 1. Classification of Vegetal Covers as to Degree of Retardance

Retardance ClassCover ————————————Conditon |

A Weeping Love Grass Excellent stand, tall (average
760 mm)
Yellow Bluestem Ischaemum Excellent stand, tall (average
910 mm)
B Kudzu |Very dense growth, uncut
Bermuda Grass Good stand, tall (average 300
mm)
Native Grass Mixture (little bluestem, bluestem, (Good stand, unmowed)
blue gamma, and other long and short midwest
grasses)
Weeping lovegrass d, tall (average 610
Lespedeza sericea oody, tall
Alfalfa uncut (average
Weeping lovegrass stand, unmowed
[Kudzu ‘ [Dense growth, uncut
Blue Gamma Good stand, uncut (average
280 mm)
C Crabgrass Fair stand, uncut 250 to 1200
mm
Bermuda grass Good stand, mowed (average
150 mm)
Common Lesp Good stand, uncut (average
280 mm)
mmer (orchard grass, (Good stand, uncut (150 to 200
nd common lespedeza) mm)
Very dense cover (average
150 mm)
Good stand, headed (150 to
300 mm)
D Good stand, cut to 60-mm
height
Common Lespedeza Excellent stand, uncut
(average 110 mm)
Buffalo grass Good stand, uncut (80 to 150
mm)
Grass-legume mixture--fall, spring (orchard grass, |(Good stand, uncut (100 to 130
redtop, Italian, ryegrass, and common lespedeza) mm)
Lespedeza sericea After cutting to 50-mm height.
Very good stand before cutting.
E Bermuda grass Good stand, cut to height
40-mm




| ‘Bermuda grass jBurned stubble

Note: Covers classified have been tested in experimental channels. Covers were green and generally
uniform.
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Table 2. Permissible Shear Stresses for Lining Material

Lining Category Lining Type Permissible Unit Shear Stressl
i
7.2

Temporary* Woven Paper Net 0.15 .
Jut Net 0.45 21.5
Fiberglass Roving:
Single 0.60 28.7
Double 0.85 40.7
Straw with net 1.45 69.4
Curled Wood Mat 1.55 74.2
Synthetic Mat 2.00 95.8
Vegetative Class A 3.70 177.2
Class B 2.10 100.6
Class C 1.00 47.9

Class D 8.7

Class E 16.8
Gravel Riprap? 25 mm 15.8

50 mm 31.6
Rock Riprap?2 150 mm : 95.8

300 mm 1915
Bare Soil non-cohesive

Cohesive

1Based on Data in 5,8,13,14,15.
2Based on equation 8(Current practice i
Some "temporary" linings become permane




Lining Category

Table 3. Manning's Roughness Coefficients

Lining Type

n-Values

Depth Ranges
(0-150 mm) (150-600 mm) (> 600 mm)
Rigid Concrete 0.015 0.013 0.013
Grouted Riprap 0.040 0.030 0.028
Stone Masonry 0.042 0.032 0.030
Soil Cement 0.025 0.022 0.020
Asphalt 0.018 0.016 0.016
Unlined Bare Soll 0.023 0.020 0.020
Rock Cut 0.045 0.035 0.025
Temporary* Woven Paper Net 0.016 0.015 0.015
Jute Net 0.028 0.022 0.019
Fiberglass Roving 0.028 0.0 0.019
Straw With Net 0.065 0.025
Curled Wood Mat 0.066 35 0.028
Synthetic Mat 0.036 0.021
Gravel Riprap 25 mm Dg 0.030
50 mm Dg 0.034
Rock Riprap 150 mm Dgj 0.035
300 mm Dsgq 0.040

* Some temporary Linings become per
1Based on data in 5,8,13,14,and 15

Note: Values listed are representative value
coefficients, n, vary with the flow dept
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(3 Preface : HEC 15

Go to Table of Contents

Foreword

This Implementation package provides guidance for the design of stable conveyance channels
using flexible linings. The information in the manual should be of intei@s

Federal Hydraulics engineers and others responsible for stabilizing roa®
manual has been adopted as HEC 15 in the Hydraulics Engineering Cd

Copies of the manual are being distributed to FHWA regions and di and to each
state highway agency for their use. Additional copies of the repg obi@ned from the
National Technical Information Service, 5280 Port Royal Rog R fi Virginia 22161.

W@W

Stanley R. Byington, Director
Office of Implementation.

Notice

This document is dissemin
the interest of information e
the contents or th@s hereo

un onsorship of the Department of Transportation in
nge. The United States Government assumes no liability for
The contents of this he views of the author, who is responsible for the facts and

\:/
the accuracy of the C presented herein. The contents do not necessarily reflect the policy of
the Department of Tragsportation.

This report does not coNStitute a standard, specification, or regulation. The United States
Government does not endorse products or manufacturers. Trade or manufacturer's names
appear herein only because they are considered essential to the objective of this document.
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METRIC (SI*) CONVERSION FACTORS

Symbol

in2
ft2
yd?
mi2
ac

0z
Ib

fl oz

gal
ft3

yd3

oF

Approximate Conversions to Sl Units
When You Know  Multiply by To Find Symbol
Length
inches 2.54 millimetres mm
feet 0.3048 metres m
yards 0.914 metres m =
miles 1.61 kilometres km
Area
square inches 645.2 millimetres squared
square feet 0.0929 metres squared
square yards 0.836 metres squared
square miles 2.59 kilometres squared
acres 0.395 hectares
Mass Weight
ounces 28.35 grams
pounds 0.454 kilograms
short tons (2000 Ib) 0.907 megagrams
Volume
fluid ounces 29.57 millilitres
gallons 3.785 litres
cubic feet 0.0328 metres cube
cubic yards 0.0765 metres cu s
Temerature (EX€ b _—E P
Farhrenheit 5/9 (after A E_— 7
temperature subtracting 32) ey "
el G
*Sl is the Symbol for the International System of Measurments

mm2

Approximate Conversions to Sl Units

Symbol ~ When You Know  Multiply by To Find Symbol
Length

mm 0.039 inches in

m 3.28 feet ft

m 1.09 yards yd

km 0.621 miles mi

Area

0.0016 square inches in2

10.764 square feet ft2

0.39 square miles ;2

2.53 acres ac

Mass Weight

0.0353 ounces o0z
kilograms 2.205 pounds Ib
megagrams (1000 kg) 1.103 short tones T

Volume

millilitres 0.034 fluid ounces  fl oz
litres 0.264 gallons gal
metres cubed 35.315 cubic feet ft3
metres cubed 1.308 cubic yards yd3

Temerature (exact)

Celsius 9/5 (then Farhrenheit  oF
temperture add 32) temperature
of
F a2 Ba.6 212
- 0 40 80 120 160 200
-4 -2 0 20 60 B0 100
C a <

These factors conform to the requirement of FHWA Order 5190.1A
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Chapter 1 : HEC 15
A

Introduction

Go to Chapter 2

This manual addresses the design of stable conveyance channels using flexible linings.
Because the roadside channel is included within the highway right-of-way, the gradient of the
channel typically parallels the grade of the highway. Hydraulic conditions in the conveyance
channel can become severe even at fairly mild highway grades. As a result, these channels
often require stabilization against erosion. The channel stabilization asures included in this
manual are deemed flexible linings.

The primary difference between rigid and flexible channel linings fro Qn-control
standpomt is their response to changlng channel shape. Flexible I|n| 5 to conform to

egrity of the channel

sustain some change in channel shape while mamtalnmg thg
[ Damage to a lining is

lining. Rigid linings tend to fail when a portion of the linin
often from secondary forces such as frost heave or slum g.
these forces whereas flexible linings, if propegy designed, erosion-control
capabilities.

Flexible linings also have several other adv ge mpared to rigid linings. They are
generally less expensive, permit infilt4@i n and have a natural appearance.
Hydraulically, flow conditions in chann linings generally conform to those found
in natural channels, and thus provide portunities for local flora and fauna. In
mporary protection against erosion while
allowing vegetation to be establis@&d. Th g®tation will then provide permanent erosion
control in the channel. The pr, tation in a channel can also provide a buffering
effect for run off contamina

Flexible linings hd ' ge of being limited in the magnitude of erosive force they
can sustain withougs g itN@r the channel or the lining. Because of this limitation, the

| ection and profile) required for channel stability may not fit
“of-way. A rigid channel can provide a much higher capacity and in
only alternative.

within the acquired rig
some cases may be t

Design procedures covered in this manual relate to flexible channel linings. Rigid linings are
discussed only briefly so that the reader remains familiar with the full range of channel lining
alternatives. The primary reference for the design of rigid channels is Hydraulic Design Series
No. 3, "Design of Roadside Drainage Channels"(1). For channels which require other protection
measures, the design of energy dissipaters and grade-control structures can be found in
Hydraulic Engineering Circular (HEC) No. 14.(2)

Riprap design procedures covered in this manual are for channels having a design discharge of
1.416 m3/s (50cfs = 1.416 m3/s) or less. The use of the procedures in Hydraulic Engineering


http://aisweb/pdf2/Hds3/default.htm
http://aisweb/pdf2/Hds3/default.htm
http://aisweb/pdf2/hec14met/default.htm

Circular (HEC) No. 11 is recommended for the design of riprap revetments or linings on
channels and streams with design flows in excess of 1.416 m3/s(3).

The permissible tractive force and Manning n values provided in this manual for grass lined
channels cannot be compared to values found in earlier manuals. The current values are based
on research conducted at Colorado State University which takes into account the stiffness of
the vegetation.

The riprap procedure for steep channels is based on an analysis of forces acting on the riprap.
While this procedure is theoretically sound, the results should be used with caution and be
taken as guidance. Whenever possible, the procedure should be checked against the
performance of installed channels in the field. The steep slope design@arocedure is limited to
channels having a design discharge of 1.416 m3/s of less.

Go to Chapter 2
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GLOSSARY

ANGLE OF REPOSE. Angle of slope formed by particulate material under the
critical equilibrium condition of incipient sliding.

APPARENT OPENING SIZE (A05). Measure of the largest effective opening in an
engineering fabric, as measured by the size of a glass bead where five
percent or less by weight will pass through the fabric (formerly called
the equivalent opening size, EDS).

COMPACTION. The closing of pore spaces among the particles of sofl and rock,
generally caused by running heavy equipment over the il during
construction.,

DEPTH OF FLOW. VYertical distance from the bed of & channel to thg
face.

DESIGH DISCHARGE. Discharge at a specific location defined
return period to be used for design purposes.

ENGINEERING FABRIC. Permeabls textile {or filter fabrdc)
prevent piping and permit natural seepage to occ

bel

riprap to

material placed

FILTER BLANKET. One or more layers of gr‘a? fl
f r drainage.

below riprap to prevent soil piping a

FREEBOARD. Vertical distance from the wa
at design condition.

to the top of the channel

GABION. Compartmented rectangular co
gnal wire mesh and filled wit

of galvanized steel hexag-

HYDRAULIC RADIUS. Flow area di perimater,

HYDRAULIC RESISTANCE. Resi
channel, commonly d

red by water as it moves through a
ng's n.

[NCIPIENT MOTION. i t that point in time when any increase in
facters respon e for particle movement causes motion.

LINING, COMPOSITE.

ination of lining materials in a given c¢ross section
(e.9., riprap in

aw-flow channel and vegetated upper bamks).

LINING, FLEXIBLE. Lining material with the capacity to adjust to settlement
typically constructed of a porous material that allows infiltration and
exfiltration.

LINING, PERMAMNERT. Lining designed for long term use.



LINING, RIGID. Lining material with no capacity to adjust to settiement
constructed of nonporous material with smooth finish that provides a
large conveyance capacity (e.g., concrete, soil cement}) .

LINING, TEMPORARY. Lining designed for short term utilization, typically to
assist in development of a permanent vegetative lining.

| NORMAL DEPTH. Depth of a uniform channel flow.

Y PERMEARILITY. Property of a soil that enables water or air to move through
' 4

| RETARDAMCE CLASSIFICATION. Qualitative description of the resistance 0 flow
offered by various types of vegetation.

L2 n1pRAP. Broken rock, cobbles, or boulders placed on side slopes ©
nels for protection against the action of water.

[ .I
' RIPRAP, DUMPED. Consists of stone or graded broken concrete dump :
on a filter blanket or prepared slope to form a wel h a
minimum of voids.

/<] RIPRAP, GROUTED. Consists of riprap with all ar pari@of icas

filled with portland cement mortar.

nte

i RIPRAP, WIRE-ENCLOSED. Consists of wire ﬁ.!ke
together, and anchored to the slape.

ith ctone, connected

1lect water from the road-
to an inlet or main

AOADWAY CHAMMEL. Stabilized drai
way and adjacent areas
drainageway .

d area of the channel that acts in
it wetted area.

J7SHEAR STRESS. Force developed
the direction of the flow

) SHEAR STRESS, CHAMMEL. ress gccurring in a channel section
far a given set of

SHEAR STRESS,
SI0E SLOPE. 513

horizontal
horizontal

of a channel. 1t is customary to name the

o P ac 1.5 to 1.0, or frequently 1-1/2:1, meaning a
Pnce of 1.5 feet to 1-foot vertical.

SUPERELEVATION. L 1 increases in water surface on the outside of a bend.
) TRACTIVE FORCE. Force developed due to the shear stress acting on the peri-
meter of a channel section which acts in the direction of flow on the

channel bed. Equals the shear stress on the channel section multiplied
by the wetted channel area.



D5 UNIFORM FLOM.  The flow condition where the rate of head loss due to friction

is equal to bed slope of the channel (i.e., S¢ = S5 where 5S¢ is the
friction slope and 55 is the bed slope).

A YELOCITY, MEAN. Discharge divided by the area of the water cross section.
Y

VELOCITY, PERMISSIBLE. Mean velocity that will not cause serious erosion of
the channel.
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Symbols

To jump to a specific part of the alphabet, click on the above HotLinks!

Click the Back button to return to the top of this page.

(If the letter you are looking for does not appear in the HotLink list below, then there are
no glossary entries for that letter!)

A

A= Cross-sectional area of flow prism. ft.2, M2.

AOS= Measure of the largest effective opening in a geotextile; represents
opening size for which 95 percent of fabric pores are smaller than diameter.

B

B = Bottom width of trapezoidal channel, ft., m.

; ¢

CG= Channel Geometry.
D

Dgq, Dgs = Particle size of gradation, of wh
of the mixtureisfiner by weight, ft.,

0 per 85 percent, etc..,

d = Depth of flow in channdl, ft., m.

d = Change in depth due to su ev w in a bend, ft., m.

F, = lift force.

Fr = Froude number, ratio of inertial forces to gravatational force in a system.
G

g = gravitational acceleration, ft./sec.2, m/s2.
H

h = Average height of vegetation, ft., cm.



K

Ky, = ratio of maximum shear stress in bend to maximum shear stress upstream
from bend.

K¢ = compound channel lining factor.

K, = ratio of channel side shear to bottom shear stress.
K, = tractive force ratio.

K = roughness height, ft., cm.

Kg = Tractive force ratio at bottom of channel.

S il

p = protected length downstream from bend, ft., m.

MEI = Stiffness factor, Ib. x ft.2, Newton x m2.

N %

n = Manning's flow roughness coefficient. \
P

=

p = Wetted perimeter of flow prism, ft.,

P£ = Wetted perimeter of low-flg nel, figam.

P.C. = Point on curve.
P.T.=PointonT

Q

Q = Discharge, flow r t.3/sec., m3/s.

R

R = Hydraulic radius, A/P, ft. m.

Rc = Mean radius of channel center line, ft., m.

REG = Roughness Element Gradient.
S

S = Average channel gradient.



S = Energy gradient.
SF = Safety factor

Ssp = Mean of the short axis lengths of the distribution of roughness element.

SSF = Side Slope Factor.
T

T = Channel top width, ft., m.
\Y

V = Mean Channel Velocity, ft./sec., m/s.
V. = Shear Velocity, ft./sec., m/s.

W

Wg = Weight of riprap element, |b. kg

Y

Yo = Mean value of the distribution of the averad®of t
axes of aroughness element.

Z

median

Z = Side slope; cotangent of angle measur hori

Z=cot @
Misc.

£ = Moment arms of ri prap ch

o= Angles between e resultant in the plane of the side slope.

B= Angle of repose 0 , non

Jft.3, kg/m3

esive material, degrees.
y = Unit Weight of wat
0= Angle between the drag vector and resultant in the plane of the side slope.
0 = Angle of repose of coarse, noncohesive material, degrees.

n =Stability number

n' = Stability number for side slopes.

0 = Bed materia gradation.

T = Average shear stress, 1b./ft.2, Kg/m2.,



Ty, = Shear stressin abend, Ib./ft.2, Kg/mZ2.

T4 = Shear stressin channel at maximum depth, 1b./ft.2, kg/m2.
T, = Permissible shear stress, Ib./ft.2, kg/m?.

T = Shear stress on sides of channel, 1b./ft.2, kg/m?2.

¢= Angle of side slope (bank) measured from horizontal.
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