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Purpose of Hydraulic Engineering Circulars

The engineer who designs hydraulic structures for highways is aware of the dearth of design
information in this field. Because of this lack of design information, the Bureau of Public Roads
conducts and sponsors research to obtain data on which to base sound hydraulic procedures. The Bureau
analyzes research results and studies the practical aspects of design.

As design information is developed, it will be made available through the in-service Hydraulic
Engineering Circulars for limited distribution to highway agencies preparing construction plans. The
contents of these circulars will vary, but basically, they will contain general design information,
including methods and procedures presented in a simple manner for ready use by highway engineers. Some
material will be preliminary or tentative, subject to change upon further research. Criticisms and sug-
gestions on material contained in the circulars are welcomed.

Some circulars and related documents are available for purchase from the Superintendent of Documents,
U.S. Government Printing Office, Washington, D.C., 20402, at the prices listed below. Requests for docu-
ments not available at the Government Printing Office end suggestions on the contents of the circulars
should be addressed to the Bureau of Public Roads, Office of Engineering and Operations, 1717 H Street, NW.,

Washington, D.C., 20591.

Hydraulic Engineering Circulars

Limited number available to State highway departments and other public agencies from Bureau of Public Roads,
except Nos. 5, 10, and 11.

HEC No. 1 - SELECTED BIBLIOGRAPHY OF HYDRAULIC AND HYDROLOGIC SUBJECTS - October 1966

HEC No. 2 - ESTIMATING FLOOD DISCHARGES IN PIEDMONT PLATEAU - November 1960

HEC No. 3 - HYDROLOGY OF A HIGHWAY STREAM CROSSING - January 1961

HEC's No. 4 - ESTIMATING PEAK RATES OF RUNOFF FROM SMALL WATERSHEDS - (Individual circulars for parts
of some States east of 105th Meridian.)

HEC No. 5 - HYDRAULIC CHARTS FOR THE SELECTION OF HIGHWAY CULVERTS - December 1965 - (For sale by
Superintendent of Documents for 45 cents.)

HEC No. 6 - DESIGN OF ROADSIDE DRAINAGE CHANNELS - (Discontinued - available as Hydraulic Design
Series No. L.)
HEC No. 7 - A FORTRAN PROGRAM FOR THE HYDRAULIC DESIGN OF CIRCULAR CULVERTS - (Discontinued -

available as HY-1.)

HEC No. 8 - A FORTRAN PROGRAM FOR THE HYDRAULIC DESIGN OF CM PIPE-ARCH CULVERTS - (Discontinued -
available as HY-2.)

HEC No. 9 - DEBRIS-CONTROL STRUCTURES - February 196k

HEC Fo. 10 - CAPACITY CHARTS FOR THE HYDRAULIC DESIGN OF HIGHWAY CULVERTS - March 1965 - (For sale
by Superintendent of Documents for 65 cents.)

HEC- No. 11 - USE OF RIPRAP FOR BANK PROTECTION - June 1967 - (For sale by Superintendent of
Documents for 4O cents.) ;

Electronic Computer Programs

Limited number available to State highway departments and other public agencies from Bureau of Public Roads.
HY-1 - HYDRAULIC ANALYSIS OF CIRCULAR CULVERTS
HY-2 - HYDRAULIC ANALYSIS OF PIPE-ARCH CULVERTS
HY-3 - HYDRAULIC ANALYSIS OF BOX CULVERTS
HY-L - HYDRAULICS OF BRIDGE WATERWAYS

HY-5 - FLOOD RECORD COMPILATION AND FREQUENCY PLOT
Hydraulic Design Series

For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C., 20ko2.
HDS No. 1 - HYDRAULICS OF BRIDGE WATERWAYS - 1960 - 4O cents
HDS No. 2 - PEAK RATES OF RUNOFF FROM SMALL WATERSHEDS - 1961 - 30 cents
HDS No. 3 - DESIGN CHARTS FOR OPEN-CHANNEL FLOW - 1961 - T0 cents

HDS No. 4 - DESIGN OF ROADSIDE DRAINAGE CHANNELS - 1965 - 4O cents
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U.S. DEPARTMENT OF TRANSPORTATION
Bureau of Public Roads
USE OF RIPRAP FOR BANK PROTECTION
Prepared by

James K. Searcy, Hydraulic Engineer
Hydraulics Branch, Bridge Division

I - INTRODUCTION

1.1 - General

The erosive power of moving water is impressive when its effect is
viewed in the Grand Canyon. The same erosive force, to a lesser extent,
can damage or destroy an unprotected highway embankment. If erosion of
the highway embankment by a stream is to be prevented, the need for bank
protection must be anticipated and the proper type and amount of protec-
tion provided in the right places. Bank protection is usually costly,
but the consequential damages of not providing protection where needed
far outweigh the initial cost. Delay in providing protection can also
lead to increased costs.

Four general methods of protecting a highway embankment from stream
erosion are:

(1) Relocating the highway away from the stream

(2) Moving the stream away from the highway by a channel change
(3) Chenging the direction of the current with training works
(4) Protecting the embankment from erosion

This circular is limited to discussing protection of the highway embank-
ment by use of riprap.

Riprap has been defined (}_)l as "a layer, facing or protective mound
of stones randomly placed to prevent erosion, scour or sloughing of a

1. Underlined numbers in parentheses refer to publications listed in
the references at the end of this circular.




structure or embankment; also the stome so used." Highway bridge
engineers (2) have broadened the quoted definition of riprap to include
mortated and grouted riprap, concrete riprap in bags, concrete slab rip-
rap, and stone riprap for foundation protection. Material such as broken
concrete is classified as dumped riprap in this publication.

Embankments and streambanks are sometimes protected by walls or con-
tinuous revetments such as slope paving or articulated concrete blocks.
Of the various bank protection materials, riprap has been most used and
the most economical and successful material (;). Although riprap has been
used for bank protection since the dawn of history, little research was
done prior to 1946 on design. Much remains to be learned.

The meager information now availeble was for the most part, developed
for upstream slope protection of earth dams and for protection of overflow
embankments. The June 1948 Proceedings of the American Society of Civil
Engineers (E) contains a summary of slope protection methods. This sum-
mary is the principal source of material for this circular, complemented
by more recent research on protecting earth dams (g, 5 and I).

The various methods of bank protection used by the California Division
of Highways are discussed in their publication, "Bank and Shore Protection
in California Highway Practice" (6). Slope protection of embankments and
streambanks from stream attack differs from slope protection for earth dams.
The dam face must be protected from wave action and seepage acting normal to
the dam face (; and é) while protection of highway embankments must resist
both parallel and oblique flow as well as scour at the base of the protection.

This circular discusses only the design and construction of riprap pro-
tection for highway embankments and streambanks. The design criteria used
by several governmental agencies are compared in appendix A. Appendix B con-
tains a sample specification for riprap.

1.2 - Types of Riprap

The types of riprap slope protection discussed in this circular are:
(1) Dumped riprap

(2) Hend-placed riprap

(3) Wire-enclosed riprap

(4) Grouted riprap

(5) Concrete riprap in bags (sacked concrete)

(6) Concrete-slab riprap

11-2



A filter layer under all riprap is essential (;) unless the bank
material meets the filter requirements. (See section 2.7.)

(1) Dumped riprap is graded stone dumped on a prepared slope in
such a manner that segregation will not taske place. Dumped stone
riprap is the most flexible of the types considered here and will
adjust itself to uneven bank settlement. In most areas dumped

stone is the least costly type.

(2) Hand-placed riprap is stone laid carefully by hand or by der-
rick following a more or less definite pattern with the voids
between the larger stone filled with smaller stone and the surface
kept relatively even. The resulting protection approaches good dry
rubble in quality and appearance, but this type of riprap is rigid
and lacks the strength necessary to bridge even minor movement of
the surface which it protects.

(3) Wire-enclosed riprap is stone placed in wire baskets or in
wire covered mats. Wire-enclosed riprap is generally used because
rock of suitable size is not available. This riprap is effective
until the wire enclosure fails.

(k) Grouted riprap is riprap with the interstices filled with port-
land cement mortar. The use of grouted riprap is seldom justifiable

when stone of suitable size is available.

(5) Concrete riprap in bags is concrete in cement sacks or suitable
burlap bags that are hand placed in contact with adjacent bags.

(6) Concrete-slab riprap is plain or reinforced concrete slabs

poured or placed on the surface to be protected. The slabs poured
or placed on the surface to be protected. The slabs are not con-

nected to each other.

II - DESIGN

2.1 - Design of Dumped-Stene Riprap

The resistance of dumped stone to displacement by moving water
depends upon:

(1) Weight, size, shape, and composition of the individual stones
(2) The gradation of the stone

(3) The depth of water over the stone blanket

(4) The steepness and stability of the protected slope

(5) The stability and effectiveness of the filter blanket on which
the stone is placed.
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(6) The velocity of the flowing water against the stone
(7) The protection of toe and terminals of the stone blanket

The design of a dumped-stone blanket for bank protection is similar
to that for a stone-lined channel discussed in section 4.12 of reference 8.
The principal difference between stone linings and stone bank protection is
that in linings the channel bed is also lined, and the lining is generally
continuous throughout the length of channel wherein erosion is imminent.
Bank protection is generally limited to problem areas. The toe and termi-
nals of the bank protection are particularly vulnerable to attack by the
current. At some locations, wave action may present a more severe form of
attack than water flowing parallel to the embankment; such cases may
require heavier protection. Protection from wave action is discussed in
references 1, 4, 6, and 7.

2.1.1 - Size of Stone

The size of stone needed to protect a streambank or highway embank-
ment from erosion by a current moving parallel to the embankment is
determined by the use of figures 1 and 2. Size (k) is the diameter, in
feet, of a spherical stone that would have the same weight as the 50 per-
cent size of stone. The size of stone is found by a trial-and-error
procedure which consists of first estimating a stone size.

The mean velocity (Vm) of the stream during the design flood must
then be converted to velocity against the stone by use of figure 1. The
ratio (3) of the equivalent spherical diameter of the 50 percent stone
size to the depth of flow during the design flood is computed by using
0.4 of the total depth when the depth of flow exceeds about 10 feet. The
reason for this is that use of the total depth would result in a stone
size which would be adequate at the total depth but which might be too
light to provide protection near the water surface.

With the velocity against the stone (Vg) enter figure 2 and read the
stone size for the embankment slope. The stone size from figure 2 is the
50 percent (median) size, by weight, of a well-graded mass of stone with a
unit weight of 165 pounds per cubic foot. If the stone size from figure 2
agrees with the assumed stone size, this is the correct size. If not, the
procedure is repeated until the assumed size is in reasonable agreement
with the size from figure 2.

When the unit weight of the stone is other than 165 pounds per cubic
foot, the size from figure 2 should be corrected by Creager's equation
(discussion of in reference h):

_102.5 k
Ky = 2 - 62.5

where Kk

ky

stone size from figure 2

L}

stone size for stone of w pounds per cubic feet
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FIG. 1 - VELOCITY AGAINST STONE ON CHANNEL BOTTOM

The size of stone required to resist displacement from direct impinge-
ment of the current as might occur with a sharp change in stream alinement
is greater than the value obtained from figure 2, although research data is
lacking on just how much larger the stone should be. The California Divi
sion of Highways (6) recommends doubling the velocity against the stome as
determined for straight alinement before entering figure 2 for stone size.
Lane (9) recommends reducing the allowable velocity by 22 percent for very
sinuous channels; for determining stone size by figure 2, the velocity (vg)
would be increased by 22 percent. Until data are available for determining
the stone size at the point of impingement, a factor which would vary from
1 to 2 depending upon the severity of the attack by the current, should be

applied to the velocity Vg before entering figure 2.
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2.1.2 - Extent of Stone Blanket

The upper vertical limit of the protective cover should extend above
design high water. The allowance for Preeboard depends upon the veloci-
ties near the riprsp cover and, at some locations, upon the height of
waves that might be generated on the water surface. Established sod
above the stone protection will provide considerable protection from
floods which overtop the riprap cover.

Where the stream channel is composed of sand or silt, bank protection
should extend a minimum vertical distance of 5 feet below the streambed on
a continuous slope with the embankment (figure 3A). On the outside of
curves or sharp bends, scour is particularly severe, and the toe of the
bank protection should be placed deeper than in straight reaches. Where a
toe trench cannot be dug, the riprap blanket should terminate in a stone
toe at the level of the streambed (figure 3B). The toe provides material
which will fall into a scour hole and thus extend the blanket.

On large rivers or tidal estuaries having a considerable depth of
flow at low water stages, the Corps of Engineers carries the stone protec-
tion 5 feet vertically below mean low water and omits the toe. The stone
blanket should be keyed into a berm when a toe or toe trench is not pro-
vided. The purpose of the toe protection is to prevent undermining, not
to support the blanket. Unless the protection has sufficient stability to
support itself on the embankment slope, the protection cannot be considered

adequate.

The bank protection should extend both upstream and downstream from
the points of reverse curvature on the outside of a curved channel. Bank
protection is usually not required on the inside of the curve unless
return of overbank flow creates a scour problem. On a straight channel,
bank protection should begin and end at a stable feature in the bank if
practicable. Such features might be outcroppings of erosion resistant
materials, trees, vegetation, or other evidence of stability. When a
stable feature does not exist, cutoffs should be provided (figure ' P -
the protective cover is long, intermediate cutoffs might be required to
reduce the hazard of complete failure of the stone blanket.

2.1.3 - Thickness of Stone Blanket

The thickness of the stone blanket should be at least equal to the
maximum size stone (section 3.1.1).

2.2 - Design of Hand-Placed Riprap

Hand-placed riprap was at ore time considered superior to dumped stone,
and both the size of stone and the thickness of the hand-placed stone blanket

11-7
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was specified as one-half that required for dumped stone (4, p. 857).

The supposed superiority of hand-placed riprap was refuted by a perform-
ance survey of the majority of the large earth dams in the United States
conducted by the Corps of Engineers in 1946. The survey showed that hand-
placed riprap was not as satisfactory as an equivalent thickness of dumped
riprap. The percentage of failures in hand-placed riprap slope protection
was six times that of dumped riprap, and the percentage of failures of con-
crete pavement used for slope protection was slightly over seven times that
of dumped riprap (7, p. 20k).

The Corps of Engineers opinion, as stated by Middlebrooks (3, P. T13),
is: "Hand-placed riprap is not as satisfactory as an equivalent thickness
of dumped riprap, and a filter layer underneath all riprap is essential.

Hend-placed riprap requires a much firmer support from the bank being
protected than does dumped riprap because it does not have the strength to
resist nor the capability to adjust to movement of the supporting material.
Hand-placed riprap is particularly susceptible to damage from ice floating
in the stream.

Except for method of placing and greater emphasis on firm support and

protection of blanket edges, the discussion under dumped riprap applies to
hand-placed riprap.

2.3 - Design of Wire-Enclosed Riprap

The use of wire-enclosed riprap is generally restricted to locations
where the only rock economically available is too small for dumped riprap.
The design of wire-enclosed riprap is somewhat arbitrary, being dependent
upon the size of rock available. The mesh size of the wire is also depen-
dent upon the size of rock used for riprap. Wire-enclosed riprap has been
used in some instances as toe protection for other types of riprap. This
type of protection is flexible to an extent, but the protection is limited
to the life of the wire used for enclosing the stone. California (6
p. 144) has found that wire-enclosed riprap does not work well on curves
where displacement might require a lengthening or shortening of the
protection.

The wire baskets are first formed and then filled with stone. The
baskets are tied together to form a mattress and anchored to the slope.
For light exposure, a continuous blanket of small stones retained
between top and bottom spreads of wire fencing might suffice. On all
designs the blanket should be divided into compartments so that one
compartment can fail without losing all of the blanket.

Baskets 4 or 5 feet square are a convenient size, although larger
sizes might be used. The dimensions of commercial fencing available might
govern the dimensions of the baskets in order to minimize cutting of the
wire in fabricating the baskets. Mattresses may be placed with the long
dimension either traverse to the slope or parallel to the slope. The
practice of the California Division of Highways is given on pages 143 to
151 of reference 6.
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Figure 5 shows the standard drawing for wire-enclosed riprap used
by the Bureau of Public Roads, Denver Regional Office. The drawing
shows details for a 5-foot square basket, 1 1/2 feet deep, made of 12 1/2
gage galvanized fencing. The ends of a 5 x 8-foot length of fencing are
turned up to form the bottom of the basket. A similar section inverted,
forms the top and the other two sides. The sections of wire are held
together with four ties of No. 9 gage annealed wire, and the corners of
wire baskets are fastened at 8-inch intervals with No. 12 gage galvanized
wire or with No. 9 gage galvanized hog rings. The rock filled baskets
mske contact with each other are are fastened together at l-foot intervals.
A steel stake 5 feet or more in length is dirven into the subgrade through
the center of each basket to anchor the basket to the slope. A different
method of fabricating the baskets is shown in figure 5A.

Wire-bound rock sausages suggested by Posey (lg) are a form of wire-
enclosed riprap. Rock-filled gabioms, which are similar to the sausages,
have been in use for many years in foreign countries. An Italian firm
supplies a patented prefabricated wire gabion. The U.S. Forest Service
has a specification for wire-mesh gebions. The Forest Service gabion is
a rectangular basket which is furnished by a contractor in the size or
sizes specified.

The discussion of the extent of stone blanket in section 2.1.2 also
applies to wire-enclosed riprap.

2.4 - Design of Grouted Riprap

Grouted riprap is used where stone of suitable size for other types
of riprap are not available. Wire can be embedded in the riprap to
increase the tensile strength of the protective cover. The finished pro-
tection is rigid and has little strength. For this reason, the embankment
protected must provide adequate support and the edges of the riprap cover
must be protected from undermining at the toe and at the terminals. Design
dats are lacking for determining the specific thickness of the cover. The
grouted riprap may be left with a rough surface by brushing the grout until
from one-fourth to one-half the depth of the stome is exposed.

Weep holes should be provided in the blanket to provide rapid relief

of any hydrostatic pressure behind the blnaket. Filter blankets are
generally necessary as in the case of other types of riprap.

2.5 - Design of Concrete Riprap in Bags (sacked Concrete

Concrete riprap in bags generally consists of approximately 2/3-cubic
foot of class C concrete (3 1/2 bags cement per yard) in a burlap bag or
in & cement sack. This type of riprap provides a heavy protection regard -
less of the requirements of the site. The riprap has little flexibility,
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(Poss over top of wire mash.)

Rock Dead Mon
One for each post.
(Min vol = 2 cu tt)

Golv, wire mesh. Fasten wire to posts with
1%3' staples at 1 0"centers. Lace oll splices with #9 go. annealed wire.

in2'0| Wire mesh 0 be loid und

Posts placed at 6-0" intervais.

Lengths "M+ not less than 4™-0"
For min.top diom., see tobie ot right.

GENERAL NOTES

Woven wire sholl be golvanized triongulor mesh
fabric. Longitudinal wires shall be two-ply
cable of No. 121 goge wires ot 4"spacing,
Cross wires shall be No. 12 2 goge spaced
ot 2" intervals. The wire fabric shall be
similor to ‘Specitication J-3, os manufactur
ed by the Colorado Fuel and Iron Corporation

POSTS USED FOR BANK
PROTECTION SHALL MEET
THE FOLLOWING MINIMUM

REQUIREMENTS

MIN. TOP
LENGTH DIAMETER

POST, ROCK AND WIRE BANK PROTECTION

iTop of mesh

No 9 gage

T
Bottom of m.shj

hog ring.

DETAIL OF "¢" TIES

Use four ties for each basket

ALTERNAT

LAPS OF WIRE MESH

WIRE ENCLOSED RIPRAP

USE

Excovate trench in which to

base rock to a firm bearing

No 12 gage
golvanized
wire, —

TIE FOR LAPS
OF WIRE MESH

E TIE FOR

4"Filter Blonket
(when collad for on the plons.)

T\ gocntit
MD'Q(Hﬂ‘\

Original Ground

"H" 8"D"-Distance vorioble depending
on field conditions.

TYPICAL SECTION

Stakes not shown

GENERAL NOTES

Welded wire fobric sholl be fully galvanized ond individually
welded of every joint. Longitudinol wires shall be
No. 125 gage at 4" spacing. Cross wires shall be No. 125
90ge spaced of 2" intervals

Adjocent boskets to be tied together where wires org in
contact, using two ties for each square foot of contact.

Strips "A" and "8" shall be wired together along tha corners
of the four sides every 8°, and two ties for every square
foot of contact of the lapping faces. In addition,
place 4 "C" ties from top to bottom of basket as shown

“C" ties shall be made with No.9 gage anneoled wire. All
other ties sholl be either No 12 goge golvanized wire
or No 9 goge galvanized hog rings

U.S. DEPARTMENT OF COMMERCE
BUREAU OF PUBLIC ROADS
REGION NO. 9 DENVER. COLORADO

STANDARD
WIRE ENCLOSED RIPRAP AND
POST, ROCK AND WIRE
BANK PROTECTION

Kevees 74963, 27965

STD.154

FIG. 5 - DETAILS OF WIRE-ENCLOSED RIPRAP
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WYOMING STATE HIGHWAY DEPARTMENT STANDARD PLAN S11.07-IC
TIES FROM TOP TO BOTTOM
K’n CENTER OF EACH ENCLOSURE. SEE DETAIL B

73
% ] |

+ >//4[SEE DETAIL A *
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WHEN THE CONTRACTOR ELECTS TO USE WIRE LACING IN
THE ASSEMBLY OF ENCLOSURES, FABRICATION SHALL BE
IN ACCORDANCE ¥ITH THE DETAILS SHOWN BELOW.

JOP WIRES,

LACING

DIRECTION OF
TOP WIRES STREAM FLOW

0" CENTERS

—
SEE DETAIL B
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I"(S E DETAIL A
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LACING

+
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*
378VIHVA

STEEL STAKES AT 6
SHIOEG RS SHOWN IN EXPANDED VIEW.

TOP NG BOTIOM FABRIC WIDTHS &'

¥ ,, £ " 1 A . . DETAIL A L.
TYPICAL PLAN NORMAL TO SLOPE IL B

| | TYPICAL PLAN (FOR RC BOX CULVERT)
|« I STEEL STAKES

MATERIALS
. AGGREGATE SHALL BE HARD, DURABLE,
CR&?ED. QUARRIED OR NATURA

STAKES FLUSH WITH
SURFACE OF RIPRAP 4

A SC
SQUARE OPENINGS.

. ENCLOSURES SHALL BE CONSTRUCTED
OF WELDED WIRE FABRIC MEETING THE
REQUIREMENTS OF AASHO M 55 FOR

= LT ]
INNZZNIZN

W

1-GA
ZONTAL AND VERTICAL WIRES, WIT)
TYPICAL SECTION (FOR RC BOX CULVERT) o &t

~

IRE FABRIC

z

WIRE_TIES FROM l
TOP TO BOTTOM

S . LACING AND v

SHALL BE REGULAR GALVANIZED 124
GAGE SMOOTH STEEL WIRE. IN LIED

ADJACENT ENCLOSURES TO BE TIED TOGETHER OF LACI: 3, 9-GAGE; GALVANIZED HOG

AT CORNERS. (SEE DETAIL A) RINGS AT 4-INCH SPACINGS MAY BE
USED FOR FASTENING ENDS,SIDES AND

ADJACENT ENCLOSURES TO BE TIED TOGETHER TOP PANELS.

AT BOTTOM. (SEE DETAIL A)

HEIGHT (VARIABLE}

WIRE FABRIC STRIPS TO BE TIED TO EACH OTHER AND TO TOPS
OF SIDES OF ENCLOSURES. (SEE DETAIL A AND 8)

/

w

. STEEL STAKES MAY BE CRANE RAILS,
3-INCH 0.D. STANDARD PIPE, OR
4_INCH X 4ZINCH X3 INCH $T

URAL STEEL ANGLES. STAKES SHALL
— NOT REQUIRED WHEN hait
3 RIPRAP EXTENDS
L AcROSS BOTTOM
OF CHANNEL.

CHANNEL

A
EXTENT THAT THE STRENGTH OF THE
STAKES IS AFFECTED.

TYPICAL SECTION

[— NOT REQUIRED WHEN
RIPRAP EXTENDS
ACROSS BOTTOM

OF CHANNEL.

WIRE ENCLOSED RIPRAP

OPEN ENDS OF ENCLOSURES ALONG EDGES OF AREA 10 BE
RIPRAPPED TO BE CLOSED WITH WIRE FABRIC TIED T0
B0TTOM AND SIDES OF ENCLOSURES (SEE DETAIL A)

MATERIAL, CONSTRUCTION, MEASUREMENTS
AND PAYMENTS SHALL CONFORM TO CURRENT
EXPANDED VIEW WYOMING STATE HIGHWAY DEPARTMENT
SPECIFICATIONS

FIG. 5-A - STANDARD PLAN FOR WIRE-ENCLOSED RIPRAP
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FIG. 6-TYPICAL SECTION AND DETAILS OF SACKED
CONCRETE SLOPE PROTECTION

11-1k



low tensile strength and is susceptible to damage from floating ice. It
requires firm support from the protected bank and usually requires a
filter blanket underneath the riprap. Adequate protection of the termi-
pals and toe is essential. The toe trench must end in firm support and
extend below the depth of anticipated scour. Details of terminal pro-
tection and cutoff stubs are shown in figure 6. (See also p. 134-135, 6.)

The bags make close contact with each other and some bond is secured
between the bags by the cement mortar leaking through the porous bags.
Flat slopes reduce the area of contact between the sacks and thus bond is
less. Slopes of the protected embankment are generally 1 /a1, o Irethe
slopes are as flat as 2:1, all sacks after the bottom row should be laid

as headers (long way of sack in line with the slope) rather than as
stretchers (long way at right angles to slope direction).

Concrete riprap in bags is sometimes placed as a dry mix. The rip-
rap is thoroughly wetted as the work progresses. Some bond between sacks
is probably lost by this method, but it allows the sacks to be filled at
e convenient location and brought to the comstruction site. A well graded
filter blanket is essential to drain the water that is added during

construction.

2.6 - Design of Concrete-Slab Riprap

Concrete slabs, plain or reinforced, are cast in place on the pre-
pared slope (2, p. 266-267). The slab is generally I inches thick of
class B concrete (4 1/2 bags cement per yard) except when the slab is
exposed to salt water in which case class A concrete is used. Joints
between slabs are discussed in section 4.7. Precast concrete slabs can
be used in place of cast-in-place slabs.

Concrete slabs 6 1/2 feet by 5 feet and 8 inches thick were used on
the Belle Fourche Dam (Bureau of Reclamation) in South Dakota. The slabs
were much deteriorated after 40 years of service in spite of considerable
maintenance. Continuous reinforced concrete pavement used on earth deam
faces has a much better service record than concrete-slab riprap.

A variation in concrete slab riprap is discussed by Parsons and
Apmann (11). The slabs discussed in reference 11 are 4-inch thick, cel-
lular concrete blocks, 16 inches by ol inches. Each block contains 2k
2-inch by 2-inch holes that go completely through the block. Gravel or
crushed stone can be placed in the holes. The weight of each block is
about 80 pounds. The experimental revetment has given 8 years of satis-

factory service.
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2.7 - Design of Filter Blanket

A filter blanket is usually needed beneath the riprap cover to
prevent the water from removing bank material through voids in the rip-
rap (3, P. T13). Removal of bank material leaves cavities behind the
riprap cover and failure of the cover might result, particularly if the
riprap cover is rigid and cannot slump to continue contact with the sup-
porting soil. Whether a filter blanket is needed will depend upon the
gradation of the bank material and the openings or voids in the riprap
cover. For dumped riprap, a filter ratio of 5 or less between layers will
usually result in a stable condition (12). The filter ratio (13), is
defined as the ratio of the 15 percent particle size (DlS) of the coarser
layer to the 85 percent particle size (Dgs) of the finer layer. An addi-
tional requirement for stability is that the ratio of the 15 percent
particle size of the coarser material to the 15 percent particle size of
the finer material should exceed 5 but be less than 40. This requirement
can be stated thus:

Dy5 (of riprap) D15 (of riprap)

Dg5 (of bank)

<5< <Lo

3 8

If a single layer of filter material will not satisfy the filter
requirements, one or more additional layers of filter material must be
used. The filter requirement applies between the bank material and the
filter blanket, between successive layers of filter blanket material if
more than one layer is used, and between the filter blanket and the stone
cover. In addition to the filter requirements, the grain size curves for
the various layers should be approximately parallel to minimize the infil-
tration of the fine material into the coarser material. Not more than
5 percent of the filter material should pass the No. 200 sieve.

The thickness of the filter blanket ranges from 6 inches to 15 inches
for a single layer or from 4 inches to 8 inches for individual layers of a
multiple layer blanket. Where the gradation curves of adjacent layers are
approximately parallel, thickness of the blanket layers should approach
the minimum. Thickness of individual layers should be increased above the
minimum proportionately as the gradation curve of the material comprising
the layer departs from a parallel pattern. Requirements for filters have
been investigated by Bertram (14), the Waterways Experiment Station (13,
15, and 16) and the Bureau of Reclamation (17). "Design of Small Dams™
(7, p. 175) contains a typical filter design.

An example of a filter design for dumped riprap follows. It is
assumed that riprap is to be used to protect a streambank with the grada-
tion in the filter shown in figure 7. The gradation curves of the riprap
and of the sand and gravel available for use are also shown on figure 7.
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Example 1

Material Particle Size

A5 285
Riprap 90 nm 308 mm
Streambank 0.006 mm 0.10 mm
Sand 0.14% mm 2.4 mm
Gravel L.,0O mm 50 mm

Is filter required?

D5 (riprap) %
Dgs (streambank) =~ 0.10

= 9002) 5 Yes.
Can a single layer of gravel be used?

= = 1.

Dgs (gravel) ~ 50

i 90
Dy5 (riprap) 8 ( s ey

D5 (gravel) 4.0
Dgs (streambank) =g ) 5 No.

Can a layer of sand and a layer of gravel be used?

1st requirement
Dys (riprap) 90 '
Lo 1.8 < 5

D85 (gravel) i 50 . Qi

Dy 5 (gravel) _ ko

Dgs (sand) 2.4 Bt < 2 Ok
D15 (sand) =0.114 N

Dgs (streambank) 0.10 s < > DX

2nd reguirement

Dy5 (riprap) 90

DlS (gravel) ~ k.0 =22 < 4o Ok.

D15 (gravel) 4.0 _

D15 (sand) = 0.1k ~ 29 <h0 s
D5 (sand) 0.1k

Dls (Streambank) N 00006 =- 23 <ho Ok.
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The gradation of the sand and the gravel is satisfactory; if
adequate placing methods are to be used, two minimum thickness layers
(4 or 5 inches) can be used, one of sand and one of gravel.

For riprap other than dumped stone, the maximum size of openings
in the cover is used as the criterion. Then:

D85 of the filter

= 2 or more (7, p. 17k
Maximum opening in cover (7, p. 17 )

When weep holes are used in a solid cover, an inverted filter should be
used under the weep holes in addition to the filter blanket.

ITI - MATERIALS

Broken concrete may be substituted for stone when it meets the
requirements for stone.

3.1 - Dumped-Stone Riprap

Stone used for dumped riprap should be hard, durable, angular in
shape; resistant to weathering; free from overburden, spoil, shale, and
organic material; and should meet the gradation requirements for the class
specified. Neither breadth nor thickness of a single stone should be less
than one-third its length. Rounded stone or boulders are not acceptable.
Shale and stone with shale seams are not acceptable. The minimum weight
of the stone should be 155 pounds per cubic foot as computed by multiplying
the specific gravity (bulk-saturated-surface-dry basis, AASHO Test T 85)
times 62.3 pounds per cubic foot (18).

The sources from which the stone is to be obtained should be selected
well in advance of the time when the material will be required in the work.
The acceptability of the stone is determined by service records and/or by
suitable tests. If testing is required, suitable samples of stone should
be taken in the presence of the engineer in sufficient time for testing
before the placing of riprap is expected to begin.

In the absence of service records, resistance to disintegration from
environmental exposure is determined by the sulfate soundness test or by
the abrasion test in the Los Angeles machine. The freezing and thawing
test furnishes a useful guide in judging the soundness of stone subject to
weathering action, but it should not be used as an arbitrary basis for
rejection. In locations not subject to freezing or where the stone is
exposed to salt water, the sulfate soundness test (AASHO Test T 1Ok for
ledge rock using sodium sulphate) should be used. Stones should have a
loss not exceeding 10 percent with the sulfate test after five cycles.
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When the abrasion test in the Los Angeles machine (AASHO Test T 96) is
used, the stone should have a percentage loss of not more than 40 after
500 revolutions. When the freezing and thawing test (AASHO Test T 103
for ledge rock, Procedure A) is used, the stone should have a loss not
exceeding 10 percent after 12 cycles of freezing and thawing. The
limits given here for the tests should be checked by testing local rock
that has given good service when used as riprap under similar environ-
mental conditions.

3.1.1 - Gradation of Stome

Many specifications for riprap contain no provisions for controlling
gradation of the riprap other than a requirement that at least a given
percentage of the stones should be heavier than a stated weight. Some
specifications require the larger stone to be relatively uniform in size.
Failure to require well-graded stone may result in a blanket with large
voids that will allow the embankment or the filter material to be with-
drawn through the riprap by the action of the water.

The superiority of a dense mass of well-graded angular stone over a
mass of large stone with correspondingly large voids has been demonstrated
by observation of completed installations and by tests at the Corps of
Engineers Waterways Experiment Station (2). The tests were made to deter-
mine the size of rock needed to protect the slopes of overflow dikes on
the Arkansas River. Two gradations, "A" and "A;" (figure 8), failed under
the same conditions although gradation "A" had maximum pieces 36 inches in
equivalent diameter (2,300 pounds) as opposed to maximum pieces 24 inches
in equivalent diameter {700 pounds) for the gradation "A;". The 50 per-
cent stone size of each gradation was 16 inches (200 pounds). Two other
gradations, "B" and "C" (figure 8), failed under the same conditions.
Gradation "C" had meximum pieces 24 inches (700 pounds) in equivalent
diameter and gradation "B" had maximum pieces 16 inches (200 pounds) in
equivalent diameter. However, 75 percent of each of these gradations
consisted of stone 10 inches (50 pounds) in equivalent diameter or smsller.
In the model tests, the large pieces were dislodged by undercutting
resulting from the removal of the smaller pieces. Murphy and Grace (5)
concluded that pieces of stone larger than those which represented some
eritical size (the 60 to 65 percent size in these tests) do not increase
the effectiveness of the particular gradation.

In figure 8 both gradation curves "A;" (24") and "B" (16") were found
to be highly satisfactory by the Waterways Experiment Station. Curves
approximately parallel to these curves and passing through the theoretical
size (figure 2) at the 50 percent point should make an acceptable gradation.
Unless the quantity of riprap used at a particular location is large, it
might prove undesirable to specify separate gradations to fit conditions at
each site. Several classes of riprap might be defined in the specifications
and a suitable class selected for conditions at a particular site.
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The three classes of riprap described in appendix B, section 10-2.1,
are intended to provide a light, medium, and heavy class of riprap of sat-
isfactory gradation. The three classes shown in the sample specifications
might not provide a suitable range of riprap size for conditions in some
States. Individual specifications might have heavier or lighter classes
or they might provide the following single gradation referemced to the
50 percent size (k).

Size of Percent of total weight
stone smaller than the given size
3k 100
2k 80
1k 50
0.1k not to exceed 10

Each load of riprap should be reasonably well graded from the smallest
to the maximum size specified. Stones smaller than the specified 10 per-
cent size and spalls should not be permitted in an amount exceeding
10 percent by weight of each load.

Gradation of the riprap being placed is controlled by visual inspec-
tion. To sid the inspector's Jjudgment, two or more samples of riprap of
the specified gradation should be prepared by sorting, weighing and
remixing in proper proportions. Each sample should weigh about 5 tons.
One sample should be placed at the quarry and one sample at the construc-
tion site. The sample at the construction site could be a part of the
finished riprap blanket. These samples should be used as a frequent
reference for judging the gradation of the riprap supplied.

Methods for determining the gradation of gravel-paved streambeds are

discussed in reference 19. These methods can be adapted to checking grada-
tion of riprap in place.

3.2 - Hand-Placed Riprap

Stone used for hand-placed riprap should be of better quality than
specified for dumped riprap. Stone should be roughly square or rectangular
to facilitate laying them up. The gradation curves for dumped riprap are
not applicable. Only enough rock fragments to fill the openings between
the larger stone should be permitted. (See reference 2, p. 264.)
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3.3 - Wire-Enclosed Riprap

Stone used for wire-enclosed riprap should meet the requirements
for dumped-stone riprap except for size and gradation of stone. The
stone should be well graded within the sizes available and TO percent
of the stone, by weight, should exceed in least dimension the wire-mesh
opening. The maximum size of stone should not exceed the thickness of

the riprap.

Baskets for the riprap are generally formed of galvanized woven-wire
fencing of No. 9 or No. 12 gage wire. Ties, hog rings, and lacing wire
should be No. 9 galvanized wire.

3.4 - Grouted Riprap

Grout for grouted riprap consists of one part portland cement and
three parts of sand, thoroughly mixed with water to produce grout having
a thick creamy consistency. The minimum amount of water should be used
to prevent excess shrinkage of the grout after placement. The cement,
sand, and mixing shall conform to the specifications for concrete masonry

in reference 2.

The stones for grouted riprap should, in general, meet the require-
ments for dumped riprap except for size and gradation of stone. Size and
gradation should be determined for each particular project, depending upon
the stone available. Stone should be clean and free of fines which pre-
vent penetration of grout; care should be taken in placing the stone to
keep earth or sand from filling the spaces between the stones.

3.5 - Concrete Riprap in Bags

Concrete should be class C (g). Sacks should be cloth cement sacks
or burlap grain sacks.

Each bag should contain about 2/3-cubic foot of concrete securely
tied if in cement sacks or the top folded around the bag if in burlap sacks.

3.6 - Concrete-Slab Riprap

Concrete for concrete-slab riprap should be class B (g) unless the
riprap is exposed to salt water, in which case it should be class A. The
slabs may be of either plain or reinforced concrete. Materials and con-
struction shall conform to the specifications for concrete masonry in

reference 2.
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3.7 - Filter Blanket

All material comprising the filter blanket should be tough, durable
particles reasonably free from thin, flat, and elongated pieces and should
contain no organic matter nor soft, friable particles. The gradation of
material in each layer of the blanket is determined as explained in sec-
tion 2.7.

IV - CONSTRUCTION

Inspection by the engineer during all phases of construction is
essential to ensure proper placement of the protective cover.

4,1 - Areas to be Protected

Brush, trees, stumps, and other objectionable material should be
removed from slopes and other areas to be protected by riprap, and the
areas should be dressed to a smooth surface. All soft or spongy material
should be removed to the depth determined by the soils engineer and
replaced with suitable material. Filled areas should be compacted as for
embankments. Sand slopes protected by riprap should be no steeper than 2:1.
The toe trench, when specified (see section 2.1.2), should be dug and main-
tained until the riprap is placed. The filter blanket should be placed on
the prepared slope or on the area to be provided with foundation protection
as discussed in section 4.8. Protection for structure foundations should
be provided as early as the foundation construction permits.

4,2 - Dumped Riprap

Stone for riprap should be placed on the filter blanket or, when the
filter blanket is not required, directly on the prepared slope or area in
a manner which will produce a reasonably well-graded mass of stone with the
minimum practicable percentage of voids. The entire mass of stone should
be placed. in conformance with the lines, grades, and thicknesses shown on
the plans. The riprap should be placed to its full course thickness at one
operation and in such a manner as to avoid displacing the underlying mate-
rial. Placing riprap in layers or by dumping into chutes and similar
methods likely to cause segregation should not be permitted.

The larger stones should be well distributed and the entire mass of
stone should conform approximately to the gradation specified in section
3.1.1 The riprap should be so placed and distributed that there will be no
large accumulations of either the larger or smaller sizes of stone.
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Some roughness in surface is desirable to breakup wave action and
decrease the velocity of the water, but the mass should be fairly compact
with all sizes of material 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.

When the embankment is constantly exposed to attack, the riprap pro-
tection should be placed in conjunction with the construction of the
embankment with only sufficient lag to allow for proper stabilization of
the embankment. Care should be exercised to prevent mixture of embankment
and riprap materials. When the embankment to be protected is constructed
in 1ifts, riprap could be dumped directly in place from the surface of each

lift.

When riprap and filter material are dumped under water, thickness of
the layers should be increased up +o double the thickness provided above
water, depending upon conditions at the site. Methods should be used that
will minimize segregation to insure that the minimum required thickness of
well-graded material will be obtained in both riprap and filter.

4.3 - Hand-Placed Riprap

Stones are hand (machine) placed on the prepared slope in a more or
less definite pattern with a minimum amount of voids and with the top sur-
face relatively smooth. Joints should be broken as much as possible, and
joint openings to the underlying soil should be avoided by careful arranze-
ment of the various sizes of stones and closing the openings with spalls or

small rock fragments.

The slope protected should provide firm support for the stone covering
because this type of riprap is rigid and has little strength to resist
movement in the supporting soil. A filter blamket is necessary for hand-
placed riprap under the same conditions that it would be required for dAumped
riprap. The size of the largest openings in the riprap cover will govern
the design of the filter blanket. (See section 2.7.)

Stones that are roughly square or rectangular in shape lay up better
than rounded or irregular stone. The size of the stone and the thickness
of the blanket should be at least as much as would be required for dumped

riprap (3).

4,b - Wire-Enclosed Riprap

Construction details for wire-enclosed riprap vary with the design
and the purpose for which the protection is provided. The wire-enclosed
riprap may be fabricated where it is to be placed or it may be fabricated
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at an off-site location. When the stone-filled baskets are fabricated
and brought to the site, the method used for moving and placing them must
not damage the baskets by breaking or loosening strands of wire or ties,
or by removing any of the galvanizing, or by bresking the enclosed rock.

One method of comstructing a mattress in place is to lay wire fencing
on the slope and place the required thickness of graded stone on the
fencing. Mats approximately 3 feet by 12 feet are formed by wrapping the
fencing around the stone and lacing the open ends together with l/h-inch
cable. The mats are connected to each other and the seam secured with
hog-ring ties at 1l-foot intervals. The mats are formed into a mattress
to cover the specified area and the wire mattress is securely anchored at
approximately 12-foot intervals by a 1/2-inch cable extending from anchor-
ages at the top of the protection to the bottom of the protection. At the
bottom of the riprap the anchor cable can return on the underside a suf-
ficient distance for anchoring. The anchor cable is securely fastened to
each mat with cable clamps.

A second method is to place the baskets, made of wire fencing, on the
slope. (See figure 5.) The required thickness of graded stone, usually
about 1 1/2 feet, is placed in the 5-foot by 5-foot baskets. A method that
has been successfully used to fill the baskets is to fasten one side of the
top section of the wire basket to the bottom section with hog-ring ties.

The top is raised and folded back. A four-sided metal form is placed

inside the bottom section of the wire basket and the form is filled with
stone. The side of the form which closes the open end of the wire basket

is detachable and remains in place after the remainder of the form is
removed. The top section of the wire basket is closed over the stone and
the bottom edge of the closing side is secured to the bottom section with
hog-ring ties. The detachable side of the form is then withdrawn and the
edges of the closing side are fastened with hog-ring ties. Baskets should
be in contact and connected to each other and to the top portion by hog-
ring ties or by lacing. (See figure 5.) The wire baskets form a continuous
mattress to cover the specified area and each basket of the wire mattress is
securely anchored by a steel stake 5 feet long or more, driven through the
center of the basket into the material below. The baskets in figure 5A are
somewhat easier to fill. The top is open and the cover is securedy by wire
lacing or hog rings after filling with stone.

4.5 - Grouted Riprap

The stones are placed on the prepared slope and are thoroughly
moistened. Any excess of fines should be sluiced to the underside of the
stone blanket before grouting. The grout is delivered to the site by any
means that will insure uniformity and prevent segregation of the grout.
If penetration of grout is to be obtained by gravity flow into the inter-
stices, the grout should be spaded or rodded into the interstices to
completely fill the voids in the stone blanket. If pressure grouting is
used, care should be taken to avoid unseating the stones and grout should
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be spaded or rodded into the voids. Penetration of the grout should be

to the depth specified. When a rough surface is specified, stone should
be brushed until from one-fourth to one-half of the depth of surface

stone is exposed. For a smooth surface, grout should £111 the interstices
to within 1/2 inch of the surface. Weep holes should be provided through

the blanket.

Where the depth specified for grouting is in excess of 12 inches,
such as cutoff walls, the riprap should be placed in lifts of 12 inches
or less; each lift should be grouted prior to placing the next lift. The
succeeding lifts should be constructed and grouted before the grout in

the previous 1ift has hardened.

Grout should be placed only when the temperature is above 35°F. snd
rising. It should be protected from freezing and cured as for concrete.
After grouting is completed, no load should be placed on the grouted rip-

rap until the grout has cured.

4 .6 - Concrete Riprap in Bags

Cloth cement sacks about two-thirds filled and securely tied or bur-
lap grain sacks containing sbout 2/3 cubic feet of concrete and folded at
the top are immediately placed in position after filling. The fold on
burlap bags is placed underneath the bag for headers and against the pre-
viously placed sack for stretchers. When the protected slope is 1 1/2:1
or steeper, a bed consisting of two rows of sacks placed as stretchers is
followed by a row of sacks placed as headers. Succeeding rows of sacks
are placed as stretchers with joints between sacks staggered. (See fig-
ure 6.) Each sack is hand placed and pushed into firm contact with
ad jacent sacks. On slopes flatter than 1 1/2:1 all rows after the bed
row are placed as headers.

Cutoffs and weep holes shall be placed as shown on the plans or as
directed by the engineer. The finished work should present a neat appear-
ance with parallel rows of sacks and no sack shall protrude more than
3 inches from the finished surface.

The riprap should be placed only when the temperature is above 35°F.
and rising. It should be protected from freezing and cured as for concrete.

Whenever placement of concrete riprap in bags is delayed sufficiently
to affect the bond between succeeding courses, & small trench about half
the depth of sack should be excavated back of the last row of sacks in
place and the trench £illed with fresh concrete before the next layer of
sacks is laid. At the start of each day's work or when a delay of over
2 hours occurs during the placing of successive layers of sacks, the pre-
viously placed sacks should be moistened and dusted with cement to develop

bond.
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4.7 - Concrete-Slab Riprap

Slabs of the dimensions and type, plain or reinforced, shown on the
plans are poured in place with class B concrete unless otherwise speci-
fied. Alternate slabs should be poured and the remaining panels should
be poured later (2, p. 266).

Unless otherwise specified, the slabs should be laid in horizontal
courses, and successive courses should break joints with the preceding
ones. Horizontal joints should be normal to the slope and should be cold
Joints without filler. The joints extending up the slope should be formed
with 3/h-inch lumber, which should be removed and the Jjoint left open. The
slabs should be finished with a wood float. The pouring and curing should
be carried out as specified for class B concrete in reference 2.

4.8 - Filter Blanket

When required (section 2.7), a filter blanket should 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 bedding. Compaction of filter is not required, but the
surface of the finished layer should be reasonably even and free from
mounds or windrows. Additional layers of filter material, when required,
should be placed in the same manner, using methods which will not cause
mixing of the materials in the different layers.
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Appendix A - COMPARISON OF METHODS
FOR DETERMINING STONE SIZE

The procedure for determining stone size given in section 2.1.1 of
this circular is referred to in this appendix as the Bureau of Public
Roads method for identification purposes only. It is essentially the pro-
cedure given in reference 4 with emphasis on gradation of stone as learned
from the experiments described in reference 5. Emmons and Meyer, in their
discussion of the ASCE paper (4) on slope protection methods, stated that
TVA had used the procedures described since 1940.

To show the variability in riprap sizes as determined from several
procedures in common use, figure 9 has been plotted. Figure 9 shows the
size of stone required to resist displacement for various velocities as
determined by (1) the California Division of Highways method (6, p. 112);
(2) the Bureau of Public Roads method (described in this circular);

(3) the Bureau of Reclamation method (20, p. 207-217); (4) and (5) the
Corps of Engineers method (21, p. 72). A research report (22) by the
Waterways Experiment Station presents a rational approach for the hydraulic
design of riprap and presents curves that range from about one grid to the
left of curve 1 (in figure 9) for channels with quarrystone to about one
grid to the right of curve 4 for small turbulent stilling basins.

The curves of figure 9 are not directly comparable to each other
because the size of stone given refers to a different "percentage finer
than" on the gradation curve. The curves for the California method and
the BPR method have been computed for a 2:1 slope, but the slope is not
given as a factor in the Corps of Engineers curves or in the Bureau of
Reclamation curve.

The Bureau of Reclamation stone sizes are for use downstream from
stilling basins. The Corps of Engineers (g;) has two curves, No. 4 for
direct attack and for use downstream from hydraulic structures where tur-
bulence is high and Ro. 5 for protecting straight channels. In the
California method, protection from direct attack is accomplished by
doubling the velocity used to gselect stone size for straight channels.
This in effect moves the curve to the right of the "turbulent flow" curve
of the Corps of Engineers. The Bureau of Public Roads method recommends
multiplying the velocity against the stone (Vs) by a factor between 1 and
2 before selecting stone size for protection from direct impingement. It
also recommends using the mean velocity (Vy) rather than the velocity
against the stone in determining stone size to be used immediately down-
stream from a culvert or an energy dissipator.

The thickness of the stone blanket is given as (1) sufficient for two
layers of overlapping stone by California; (2) equal to the equivalent
diemeter of the maximum size stonme by the Bureau of Public Roads; (3) 1.5
times the maximum stone size by the Bureau of Reclamation; (%) and (5) equal
to the longest dimension of the maximum size stone required by the Corps of
Engineers.

All methods specify a filter blanket when needed to prevent the bank
material from filtering through the riprap cover, although the criteria for
designing the filter blanket differ.
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Figure 10, prepared by the Waterways Experiment Station, Corps of
Engineers, compares design criteria with both model and prototype observa-
tions extending over the period from the early work of Dubuat in 1786 to
the McNary Dam closure study at Bonneville Hydraulic Laboratory. The
right hand curve of figure 10 corresponds very nearly to the 12:1 slope
curve of figure 2 and the USBR curve corresponds very nearly to the 1l:1
slope curve of figure 2. The isolated cube curve is based on air tunnel
tests at the State University of Iowa. These test data have been evaluated
in terms of water overturning isolated cubical stones resting on a smooth
channel bottom.

The Bureau of Reclamation publication (gg, P. 209) has a curve similar
to figure 10 which shows the plotting of 12 observations of riprap perform-
ance, both satisfactory and failures. The slope of the embankment is not
always given for evaluating the effect of slope, but all failures plot to
the right of the Bureau of Reclamation curves on figures 9 and 10.

The methods compared here show considerable varisbility in the size
of stone required to resist a particular velocity. This varisbility in
results obtained with different design methods, and the uncertainty as to
which method gives correct results, illustrates the need for research in
riprap design methods.
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Appendix B - SAMPLE RIPRAP SPECIFICATIONS
ose

The SAMPLE specifications are intended as a guide only. For use
in a particular State, the test values in section 10-2.1 should be modi-
fied by the experience of the State regarding: the weathering of local
rock. Sections on various types of riprap which are not applicable in a
particular State may be deleted or specifications for other types of rip-
rap might be added. The amission of specifications for hand-placed stone
riprep will be noted. The poor performance and high cost of hand-placed
riprap as contrasted with dumped riprap meke its use in highway construc-
tion undesirable except in a few instances where it is used for improving

the esthetic quality of the protectiom.

The three classes of riprap described in section 10-2.1 are intended
to provide a light, medium, and heavy class of riprap of satisfactory
gradation. The three classes shown in these SAMPLE specifications might
not provide a suitable range of riprap size for conditions in some States.
Individual specifications might require heavier or lighter classes or they
might provide the following single gradation referenced to the 50 percent

size (k).

Size of Percent of total weight
stone smaeller than the given size
3k 100
2k 80
1k 50
0.1k 10

Classes of concrete in these guide specifications are defined in
AASHO "Stendard Specifications for Highway Bridges" and in most State
specifications. References to sections of specifications can be found
in the AASHO bridge specifications but would more properly be covered by
the State specifications of which the riprap specifications would become

a part.

‘The principal sources of material for these SAMPLE specifications
are various Corps of Engineers publications and specifications; the report
of the ASCE Subcommittee on Slope Protection of the Committee on Earth
Dams of the Soil Mechanics and Foundations Division, June 1948 Proceedings;
the California Division of Highways publication, "Bank and Shore Protection
in California Highway Practice"; and the U.S. Bureau of Reclamation's pub-

lication, "Design of Small Dems.”




Division II, Part 5

Construction Details - Incidentals

SECTION 10 - RIPRAP

10-1 Description

This work consists of furnishing all plant, labor, equipment, and
materials and performing all work necessary to place a protective
covering of erosion-resistant material on the slopes of embankments,
dikes, or streambanks, at culvert lnlets and outlets, on bottoms and side
slopes of channels, at abutment wings, at structure foundations, at other
locations shown on the plans, or as directed by the engineer. The work
shall be done in accordance with these specifications and applicable
special provisions and in conformity with the lines and grades shown on
the plans or established by the engineer.

The types of riprap included in this specification are:
10-1.1 - Dumped Riprap -- Dumped riprap consists of stone or broken

concrete dumped in place on a filter blanket or prepared slope to form a
well-graded mass with a minimum of voids.

10-1.2 - Wire-Enclosed Riprap -- Wire-enclosed riprap comsists of
mats or baskets fabricated from wire mesh, filled with stone, con-
nected 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.

10-1.3 - Grouted Riprap -- Grouted riprap consists of riprap with all
or part of the interstices filled with portland cement mortar.

10-1.4 - Concrete Riprap in Bags -- Concrete riprap in bags consists
of concrete in cement sacks or suitable burlap bags.

10-1.5 - Concrete-Slab Riprap -- Concrete-slab riprap consists of
concrete, plain or reinforced, poured in place or precast concrete blocks.

10-1.6 - Filter Blanket -- A filter blanket consists of one or more
layers of graded material placed on the bank before placing the riprap in
order to prevent the bank material from passing through the riprap protec-
tion. The thickness and gradeation of filter blanket will be shown on the
plans.
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10-2 - Materials

10-2.1 - Dumped Riprap -- Stone used for dumped riprap shall be hard,
dursble, angular in shape; resistant to weathering and to water action;
free from overburden, spoil, shale and orgenic material; and shall meet
the gradation requirements for the class 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. Broken concrete may be substituted for stone when authorized
by special provisions. Shale and stone with shale seams are not acceptable.
The minimum weight of the stone shall be 155 pounds per cublc foot as com-
puted by multiplying the specific gravity (bulk-saturated-surface-dry basis,
AASHO Test T 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 the
time when the placing of riprap is expected to begin. The approval of some
rock fragments from a particular quarry gite shall not be construed as con-
stituting the approval of all rock fragments taken from that quarry.

In the absence of service records, resistance to disintegration from
the type of exposure to which the stone will be subjected will be deter-
mined by any or all of the following tests as stated in the special
provisions:

(1) When the riprap must withstand abrasive action from material
transported by the stream, the abrasion test in the Los Angeles
machine shall also be used. When the abrasion test in the
Los Angeles machine (AASHO Test T 96) is used, the stone shall
have a percentage loss of not more than 4O after 500 revolutions.

(2) 1In locations not subject to freezing or where the stone is
exposed to salt water, the sulfate soundness test (AASHO Test
T 104 for ledge rock using sodium sulphate) shall be used.
Stones shall have a loss not exceeding 10 percent with the
sulfate test after five cycles.

(3) Wnen the freezing and thawing test (AASHO Test 103 for ledge rock
procedure A) is used as a gulde to resistance to weathering, the
stone should have a loss not exceeding 10 percent after 12 cycles

of freezing and thawing.




Stone shall be free from overburden, spoil, shale, and organic
material and shall meet the following gradation requirements for the
class specified:

Size of Percent of total weight
stone smaller than the given size
Class I
100 1b. 100
60 1b. 80
25 1b. 50
2 1b. not to exceed 10
Class II
TOO 1b. 100
500 1b. 80
200 1b. y 50
20 1lv. not to exceed 10
Class III
2,000 1b. 100
1,400 1b. 80
70O 1b. 50
4O 1b. not to exceed 10

Each load of riprap shall be reasonsbly well graded from the
smallest to the maximum size specified. Stones smaller than the speci-
fied 10 perxrcent size and spalls will not be permitted in an amount
exceeding 10 percent by weight of each load.

Control of gradation will be by visual inspection. The contractor
shall provide two samples of rock of at least 5 toms each, meeting the
gradation for the class specified. The sample at the construction site
may be a part of the finished riprap covering. The other sample shall be
provided at the quarry. These samples shall be used as a frequent refer-
ence for judging the gradation of the riprap supplied. Any difference of
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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.

10-2.2 - Wire-Enclosed Riprep -- Stone used for wire-enclosed rip-
rap shall meet the requirements of section 10-2.1 except for size and
gradation of stone. Stone used shall be well graded within the sizes
available and TO percent, by weight, shall exceed in least dimension the
wire mesh opening. The maximum size of stone, measured normal to the
slope, shall not exceed the mat thickness.

Wire mesh shall be galvanized woven fencing conforming to the
specifications for Fence Fabric, section _ , and shall be of the gage
and dimensions shown on the plans. Ties and lacing wire shall be No. 9
gege galvanized unless otherwise specified.

10-2.3 - Grouted Riprap -- Grout for grouted riprap shall consist
of one part portland cement and three parts of sand, thoroughly mixed
with weter to produce grout having a thick creamy consistency. The
pinimum smount of water should be used to prevent excess shrinkage of
the grout after placement. The cement, sand, and mixing shall conform to
the specifications for Concrete Masonry, section __ .

The stones for grouted riprap shall meet the requirements of
section 10-2.1 except for size and gradetion. Size and gradation will
be specified for each particular project. Stone shall be free of fines
which prevent penetration of grout and care shall be taken in placing the
stone to keep earth or sand from filling the spaces between the stones.

10-2.4 - Concrete Riprap in Bags -- Concrete riprap in bags shall
consist of class C concrete in cement sacks or suitable burlap bags.
Each bag shall contain about 2/3 cubic foot of concrete, securely tied
if in cement sacks or folded if in burlap bags, and shall immediately be
placed in the work.

10-2.5 - Concrete-Sleb Riprap -- Concrete for concrete-slab riprap
shall be class B unless the riprap is exposed to salt water, in which
case it shall be class A. The slabs shall be of two types, plain concrete
or reinforced. If reinforcement is specified, it shall be furnished as
shown on the plans. Except as modified herein, materials and construction
shall conform to specifications for Concrete Masonry, section .

10-2.6 - Filter Blanket -- The filter blanket shall consist of one
or more layers of gravel, crushed rock, or sand of the thickness shown on
the plans. The gradation of material 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 contain no organic matter nor soft, friable particles in quanti-
tities in excess of those approved by the engineer.

10-3 - Construction Details

Slopes to be protected by riprap shall be free of brush, trees,
stumps, and other objectionable material and be dressed to a smooth sur-
face. All soft or spongy material shall be removed to the depth shown
on the plans or as directed by the engineer and replaced with approved
material. Filled areas will be compacted as specified for Embankments,
section ___+ A toe trench as shown on the plans shall be dug and main-
tained until the riprap is placed.

Protection for structure foundations shall be provided as early as
the foundation construction permits. The area to be protected shall be
cleaned of waste materials and the surfaces to be protected prepared as
shown on the plans. The type of riprap specified will be placed in
accordance with these specifications as modified by the special provisions.

When shown on the plans, a filter blanket shall be placed on the
prepared slope or area to be provided with foundation protection as
specified in section 10-3.6 before the stone is placed.

10-3.1 - Dumped Riprap -- Stone for riprap shall be placed on the .
prepared slope or area in a manner which will produce a reassonably .
well-graded mass of stone with the minimum practicable percentage of
voids. The entire mass of stone shall be placed so as to be in conform-
ance with the lines, grades, and thicknesses shown on the plans. Riprap
shall be placed to its full course thickness at one operation and in such
a manner as to avold displacing the underlying material. Placing of riprap
in layers, or by dumping into chutes, or by similar methods likely to cause
segregation will not be permitted.

The larger stones shall be well distributed and the entire mass
of stone shall conform to the gradation specified in section 10-2.1.
All material going into riprap protection shall be so placed and dis-
tributed that there 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.
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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 plens at no additional cost to the State.

When riprap and filter material are dumped under water, thickness
of the layers shall be increased as shown on the plans; and methods shall

be used that will minimize segregation.

10-3.2 - Wire-Enclosed Riprap -- The plans and supplemental specifi-
cations will show details of wire-enclosed riprap and specify the con-

struction procedure to be used.

10-3.3 - Grouted Riprap -- The stones shall be placed on the prepared
slope substantially to the dimensions shown on the plans. The stones
shall be thoroughly moistened and any excess of fines shall be sluiced to
the underside of the stone blanket before grouting.

The grout may be delivered to the place of final deposit by any means
that will insure uniformity and prevent segregation of the grout. If
penetration of grout is obtained by gravity flow into the interstices, the
grout will be spaded or rodded into the interstices to completely fill the
voids in the stone blanket. Pressure grouting shall not unseat the stones;
and after placing by this method, the grout shall be spaded or rodded into
the voids. Penetration of the grout shall be to the depth specified on
the plans. When a rough surface is specified, stone ghall be brushed
until from one-fourth to one-half of the depth of surface stone is exposed .
For & smooth surface, grout shall fill the interstices to within a 1/2 inch

of the surface.

Weep holes shall be provided through the blanket as shown on the plans
or as directed by the engineer. Where the depth specified for grouting is
in excess of 12 inches, such as cutoff walls, the riprap shall be placed in
1ifts of 12 inches or less and each 1ift shall be grouted prior to placing
the next 1ift. The succeeding lifts shall be constructed and grouted
before the grout in the previous lift has hardened.

Grout shall be placed only when the temperature is above 35°F and
rising. It shall be protected from freezing end cured as specified in

section __ .

10-3.4 - Concrete Riprap in Bags -- Cloth cement sacks about two-
thirds filled end securely tied or burlap grain sacks containing about
2/3 cubic feet of concrete and folded at the top are immediately placed
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in position after filling. The fold on burlap bags shall be placed
underneath the bag for headers and against the previously placed sack
for stretchers. When the protected slope is 1 1/2:1 or steeper, a bed
consisting of two rows of sacks placed as stretchers shall be followed
by a row of sacks placed as headers. Succeeding rows of sacks shall be
placed as stretchers with joints between sacks staggered. Each sack
shall be hand placed and pushed into firm contact with adjacent sacks.

On slopes flatter than 1 1/2:1 all rows after the bed row shall be placed
as headers.

Cutoffs and weep holes shall be placed as shown on the plans or as
directed by the engineer. The finished work shall present a neat appear-
ance with parallel rows of sacks, and no sacks shall protrude more than
3 inches from the finished surface.

The riprap shall be placed only when the temperature is above 350F.
and rising. It will be protected from freezing and cured as specified
in section _ .

Whenever placement of concrete riprap in bags is delayed sufficiently
to affect the bond between succeeding courses, a small trench about half
the depth of a sack shall be excavated back of the last row of sacks in
place and the trench filled with fresh concrete before the next layer of
sacks is laid. At the start of each day's work or when a delay of over
2 hours occurs during the placing of successive layers of sacks, the pre-
viously placed sacks shall be moistened and dusted with cement to develop
bond .

10-3.5 - Concrete-Slab Riprap -- Slabs of the dimensions and type,
plain or reinforced, shown on the plans shall be poured in place with
class B concrete unless otherwise specified. Alternate slabs shall be
poured and the remaining panels shall be poured later.

Unless otherwise specified, the slabs shell be laid in horizontal
courses and successive courses shall break joints with the preceding
ones. Horizontal joints shall be normal to the slope and shall be cold
joints without filler. The Jjoints extending up the slope shall be formed
with 3/h-inch lumber, which shall be removed and the joint left open.

The slabs shall be finished with a wood float.

The pouring and curing shall be carried out as specified for class B
concrete in section __ .

10-3.6 - Filter Blanket -- When required, 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 segrega-
tion of particle sizes within the bedding. The surface of the finished
layer should be reasonably even and free from mounds or windrows. Addi-
tional layers of filter material, when required, shall be placed in the
same manner, using methods which will not cause mixture of the material
in the different layers.
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10-4 - Method of Measurement

The quantity of riprap to be paid for, of specified thickness and
extent, in place and accepted, shall be measured by one of the following
methods as specified for the type of riprap placed. Riprap placed out-
side the specified limits will not be measured or paid for, and the
contractor may be required to remove and dispose of the excess riprap
without cost to the State.

(1) Per cubic yard: The quantity for dumped riprap, grouted rip-
rap, concrete riprap in bags, and filter blanket shall be the
number of cubic yards as computed from surface measurements
parallel to the riprap surface and thickness measured normal

to the riprap surface.

(2) Per square yard: The quantity for wire-enclosed riprap and
concrete-slab riprap shall be the number of square yards
obtained by measurements parallel to the riprap surface.

10-5 - Basis of Payment

The quantities determined, as provided in section 10-4, shall be paid
for at the contract unit price per unit of measurement for each particular
item listed in the following schedule and shown in the bid schedule, which
price shall be full compensation for furnishing all material, tools, and
labor; the preparation of the subgrade; the plecing of the filter blanket
when required; the placing of the stone; the grouting when required; fur-
nishing steel for reinforced concrete-slab riprap; and all other work
incidental to finished construction in accordance with these specifications.

Pay Item Unit of Measurement
( ) Dumped riprap ‘ per cubic yard
( ) Wire-enclosed riprap per square yard
( ) Grouted riprep per cubic yard
( ) Concrete riprap in bags per cubic yard
( ) Concrete-slab riprap per square yard
( ) Filter blanket per cubic yard
( ) Broken concrete riprap per cubic yard
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