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Additional Gui
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be consi criteria presented
paragraph 14 of EM.11 gn of Flood Control
Channels', to the do i of graded stone riprap channel protection,
present additional hydraulic design gui e, and suggest a coordinated

c
office design procedure which should be adog

red in the. appli
0-2-1601, 'Hydr:
an

This letter is applicable to all divisions and
+ £
“

1e design and construction of

St he “the responsibility for
Civil Works projects.

Riprap Physical Characteristics - Design Dhﬂse. The stone
shape *(paragraph 1l4c) lation 1

thickness (paragraph 14i) are rip
equations (33) '
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ability of the riprap to resist boundary shear. The criteria are
1

P
o]
3 !
1
&
o
: 0
/1
Hh
o]
]
@]

sufficiently broad h sual riprap material produced

from many nacowtuH“ similar type processi

operation may be required ain acceptable riprap material

some quarries. Riprap materi which fails to meet the criteria for
gradation limits or stone shape is not cartﬂin oL *P%thlnv the samc
amount of shear as indicated by the value of 0.04 for '"a" in equation
(33). As sufficient information is not avuilﬂolc on whi )
an adjustment of "a'" for such material, sufficient samples should be
tested during the design stage to determine it

and stone-shape limits within which material can be produced withou
undue waste. Sample test ?Wﬁ*ul!ations should be made in varying
layer thicknesses to establish the layer thickness required tb produce

an acceptable protective w’“n<ﬂ* giving consideration to the following:

ch to base
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~ 1 = : [P V.
S strength, gracation,

3

e , . . gl ;
(1) All stones should be contained reasonably well within the

layer thickness.

*Subparagraphs and equations indicated in the‘text, unless otherwise
noted, are found in paragraph 14, EM 1110-2-1601.
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(3) If pockets of smaller stones are present, the strength of
the riprap material in these pockets may be determined by using the
spherical diameter of the average size stones in equation (33).

(4) A ”“WU""on which is deficient in smaller stones will have
an excessively irregular surface and openings may traverse the layer
- = = s & J 2 - = e AR

n 1o hottom n 1 q ) Aan 1

) 1C 1

using a stone size diameter somewhat less than the average size, basecc
on judgment, in equation (33).
(5) Careful examination should be made of the in place position

of elongated and/or slabby stones which fail to meet the shape
criteria. If these stones are well keyed ruather than lying loosely
on the surface and the provisions of subparagraphs (1) and (2) above

a 1 should be acceptable. Elongated and/or
slabby stones which lie on the surface should not be considered as

are satisfactory, the material

cont

ributing to riprap strength.

(6) Other reasonable assumptions should be made based on
and judgment. For example, if ripra

correlated with previously tested and accepted materials from similar
type quarries, it may be possible to establish rcasonable design
.

strength and specification requirements for the material

In summary, the discussion in this paragraph emphasizes the need to
supplement the guidance given in EM ; with the considerations,
outlined above, in order to specify ri pe factors, gradation
limits and layer thickness, as well as to determine riprap strength.
This discussion also applies to the run’' material for

riprap protection.

b. Design Aids. Inclosures 1 through 3 are tables showing riprap
gradation limits for various specific weights (SSD), layer thicknesses
and design factors as follows:

(1) Inclosure 1 corresponds to design factors indicated in
paragraphs 14h and 1, except 14i(3).

N

(2) Inclosu

T corresponds to the design factors indicated in
subparagraph 141 (

e

3)
(3) Inclosure 3 duplicates inclosure 2 except that the Wgy maxi-

mum theoretical stone diameter is one-hal i e

thickness and the Wjg maximum limit : ,

Riprap material corresponding to these gradation

4 hould be con-
sidered when placed in the dry at locations subject to turbulent flow

N
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caused by energy dissipators, bridge piers and abutments, etc. This
table modifies instructions contained in USWES, 1IDC, SHEET 712-1,
Rev. 9-70.
The tables show stone weights to the nearest pound which may be
ounded for design and specification purposes.

c. Riprap Physical Characteristics - Construction Stage. During
construction, the riprap material should be inspected using paragraph

14m for guidance. The speci

sample testing by the Contractor.

only for those samples whic
spite of extreme care in th
tractor may oxpovﬂnnnn dif
gradation limits and/or

production problems. If th

negotiate a change in the riprap specifications a careful review of

the specifications,
paragraph 3a

conside
above, should

d. Additional Hydrauli

fications should include provisions for

Payment for testing should be made
cquirement n

h meet the specification r
¢ design of riprap nrotecti

S

'lcul‘v in meeting the specifications for

stone shape due to parti ”‘;UY‘(VJ&T*y’IH‘d/OV
3

e
e Contracting Officer should desire to
£ii]

ring the additional guidance given in

1

be made by District design personnel.

1e following additional

™

C Necion Gt dan ~
Design Guidance

guidance, which SUDQ7Q ents

is applicable to the hydraul

tion of design flow (p“+1\

(1) Initially water su
of friction coefficients
Appendix IV of EM 1110—3—1o

2
describe procedures and provide design aids for de

the guidance presented in EM 1110-2-1601

lic design of riprap channel protection:

rface computations involving the determina-

and velocities should be made on the
ich correspond to a trial riprap installation.
01 and USWES, HDC, SHEETS 631-4 and 631-4/

J
composite

termining
rmining

channel roughness coefficients.

(2) As rouc

A S S

ness coeffi

icients cannot be determined precisely,

somewhat low rather than high roughness vaTuos will produce consexrvative

riprap protection.
roughness, k, corveqnond%ng
used in Hydraulic Desi
for use in water surfa
bend and other losses w11cH
should be estimated conserv

(3) Next, the design

trial riprap installation should he us

local boundary shear values.

on the maximum limit Dc

boundary shear values

; . ;
boundaries are available fro

other means, the following

Chart 631-1 to determine roughness coe
> computations

Accordingly, the effective or equivalent riprap

size should be

to the minimum qu stone
Y fficients

contraction

Similarly, expansion,
are included in the water

atively low

ths and velocities resulting from the
=Y 32
e (32

d in eguation 32) to determine
in equation (32) to ¢
boundary roughness should be based

£ 3 5r 1ocad
conservatctive oca

one size to obt
. 5 i s ; ’
esign. When velocitlies near the riprap
ests prototyne mcasurements or

- - 4 i
8-13 from Chow's ""Open Channcl

)

surface computations
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[lydraulics', 1959 edition, may be used to determine the local boundary
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T = local boundary shear, lbs per sqg ft

—density,

\

v. = local velocity, fps tn las p&

r

y = depth above boundary corresponding to v

Inclosure 4 is a graphical aid for solution of this equation.
'32) is based on the assumptions of fully rough
Jormal logarithmic vertical velocity €j§¢“7hu?ion

channel

Fully rough flow conditions, in

lraulic Design Chart 631, normally occur in

on i

channels which require riprap pTOtCLL on, but significant deviations
from the normal logarithmic vertical velocity distribution occur in
channels which have non-uniform cross sections, varying sl;gc; and
different bed and bank Aou;utcb‘ efficients. Thus, unless a uniform
al bed nud bank riprap material occurs

ficient distance to produce uniform

channel cross section with i
on a constant slope over a su
ow at normal depth and volocity, maximum local boundary shear
1 be greater than indicated by equation (32), due to greater
localized velocities an pressure pulsations. As the effects of
contributing ctors to deviations from normal logarithmic vertical
velocity distribution have not been’ established, values of local
boundary shear computed from equation (32) should be increased by a
factor of 1.5, except when flow is at or near normal depth in a channel
rith uniform cross section and equal bed and side roughness. The local
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should be increased additionally in bends as indicated

can lled the ;‘;;13153 Uk)ﬂ: gn shear, should be determined by
eqt (34) for the minimum D5y size stone. If the local
boundary shear is within a rofsonabio range of bchg equal to this
rial riprap stone sizes are satisfactory for design.
shear is upprociaoly greater or less
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than the design shear, then the computations should be repeated for
a second trial riprap installation, with the stone sizes being greater

or smaller, respectively, than the sizes used in the first trial
)

computations. The trial-and-error computations should be repeated unti

local boundary and design shears are reasonably equal and furthez
1

1

refinements would not resul in a significant change in stone sizes

and riprap layer thickwoss. Trial-and-error stone sizes should
correspond to 3-inch modules in riprap layer thickness, such as 1
15, 18, 21, etc. inches

>

4. Suggested District Office Procedure. OCE review of f“e design of

riprap HvotocLVOﬂ submitted in accordance with EM 1110-2-1601 guidance,
has in some instances indicated that proper distribution of the design
effort between cngLnoorino disciplines was not accomplished. In
general, the following procedure should be adopted:

(1) Hydraulic design personnel should make sufficient preliminary
hydraulic computations and nnulysm" to determine areas which may
require riprap protection’ and establish preliminary riprap material
requirements.

O

(2) Foundation and materials personnel shc
physical characteristics of available materia

subparagraph 3a above.
I ,

(3) Hydraulic design
the availbolc material for
protect

1

(4) Finally, a coordinated review of the riprap design should be
made by both hydraulic design and foundation and materials personnel
and modifications accomplished in the riprap design where indicated.

5. Design Example. A trapezoidal channel with 50 ft bottom width and
1 on 2.5 side slopes for a design discharge of 7,500 cfs is to be
provided in natural sand and gravel materials having an estimated
effective roughness range of 0.5 to 0.8 ft. As a first trial, it is
assumed that the sides only will be riprapped and the foll ow*ng rip-
rap material (Sp. wt. = 165 lbs per cu ft SSD) will be placed in an

18 inch layer.

PERCENT LIGHTER LIMITS OF STONE

BY WEIGHT (SSD) WEIGHT-LBS
100 290 - 120
50 90 - 60
15 50 - 20

(U2 ]
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rom BEM 1110-2-1601, Plate 30, thc Dgp size of the trial riprap
from 0.88 to 1.0 ft. Friction coefficients for use
ace col 1it1ons should be determined for the range
gn depths by the procedures described in EM 1110-
1601, \Jwiﬂggx [V nclosure 5 lustrates t computational procedure
for the termination of the friction cocfficient based on boundary
roughness 'or a 10 ft depth Assuming that the water surface
computations, based on the determined friction cocefficients and
conservative estimates of other loss result in a depth of 10 ft
for the design discharge of 7,500 c¢fs, the corresponding average
velocity in the channel section is 10 fns. " As the channel bed is
smoother than the riprapped sides, the average velocity in that part
of the channel section vertically above the bed, which will be
oreater than the average veloclity in the entire scction, should be
used in determining the local boundary shear at the toe of the riprap
revetment. The computations in Inclosure 5 indicate that this velocity
is 11.5 fps. From equation (32) and Plate 32 for kn\ max-imum D5 stone
size equal to 1.0 ft and myj‘v ng the 1.5 non ‘orm flow factor,
the local boundary shear at the toe of the rlwruj revetment is com-
puted as follows:
yv/D = 10/1 = 10 and K, = 0.0135
50 L
2
T = 1.5 x 0.0135 x (11.5) = .2.68 1lbs per sq ft
[0
esign shear, using the minimum Uru stone size = 0.88 ft, for
trial riprap Qrud;tion, as determined from Plates 35 and 36, is:
T = 3,60 lbs for sq ft avxii(L = 0,82
T''= 0,82 x 3.60 = 2.95 1bs per sq ft
As design shear exceeds the local boundnvy shecar by a significant
amount, the possibility of using a 15-inch riprap layer thickness

should be checked. [n accordance with purngruphs 14h and 1 of
EM 1110-2-1601, the 15-inch layer thickness would rcquire the following

PERCENT LIGHTER LIMITS OF STONE
Y WETIGHT (SSD) WETGIHT-LBS
1 51 - 'S
L 2 ]
LI “d - V]
For this gradation, the minimum Dgg stone size is 0.74 ft and the
corresponding design shear is 0.82 x 3.0 = 2.46 1bs per sq ft. As this
value is less than the local boundary shear determined for the first
trial riprap gradation and the smaller size stone in the 15-inch layer
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would result in the local boundary shear being increased somewq‘
the 18-inch layer thickness and first trial riprap gra

be adopted. If by model mecasurement or otherwise it 1is
velocity of 10 fps will occur 1.0 ft above the riprap
Inclosure 4, the local boundary shear equals 2.70 1b
Thus, the 18-inch riprap layer is satisfactory as th

1own that a
oe, then from

A
- 1.

the corresponding riprap gradation is 2.68 1lbs per sq ft.

6. Requested Actions. In general, as evidenced by inordinate

emergency repair costs after major floods in some riprap protected
channels, the design, specifications, (ODbtrUcf?01 and inspection of

riprap protection needs to be upgraded. The desig P pr

tection resulting from the guidance contained in EM
this ETL should always be reviewed in the light of experience and

judgment gained with riprap protection projects in particule

L £

In arriving at experience and judgment conclusions,

ation should be given to whether or not design flo
occurred in the channel protection projects. In des:qn memoranda
letter reports and other media, design considerations and compdta-

tions should be presented in sufficient ce;all to reflect compliance

with EM 1110-2-1601 and ETL guidance or use of procedures which have
been proven by long-time experience to provide "cTrV‘L“*(‘- riprap pro-
tection in particular 1oca;L ies. If procedures which differ from

those presented in EM 1110-2-160] 1d the ETL are used, the riprap
design should be checked ang EM 10-2-1601 and ETL guidance, and
the results of this compars: be presented. If significant

differences occur, revisions %1OH1d be made in the design as experience,
judgment and ETL considerations dictate. Surveillance provisions, as
discussed in EM 1110-2-1601, paragraph 14n, which will be made during
project construction s! 1 ented in design memoranda,
letter reports, etc.

FOR THE CHIEF OF ENGINEERS:

= ) //’ s

3 P Pl
T [ <30 A
4 /

e
5 Incls . JOSEPH M. CALDWELL
As stated /{i/ Chief, Engineering Division

Civil Works Directorate
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