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A number of changes in design
requirements and policy
matters have been made since
the publication of this manual.
‘Also, there are some minor
errors. Please contact District
staff prior to initiation of any
final design.



Section

100

200

300

TABLE OF CONTENTS

Infroduction

Preparation of Plans and Specifications

110 Preliminary Engineering and Economic Studies
1t General

|20 Data to be Submitted in Advance of Preliminary
Drawings
121 General
122 Requests for Changes of Alignments,
) Limits, or Types of Structures
123 Railroad Crossings
124 Soil Investigation Report
125 Industrial Waste :
126 Survey Data

I30 Preliminary Drawings and Supporffng Data
I3 Drawings
132 Supporting Data and Right of Way

Requirements

|40 Final Drawings and Supporting Data
14! Drawings
142 Supporting Data

Hydrology

210 Methods

220 Frequency Criteria

Hydraulic Design

310

Conveyance Structures

311 General

312 Maximum Permissible Side Slopes
313 Roughness Coefficient

314 Permissible Velacities

315 Channel Depth

316 Depth of Flow

317 Bends

318 Transitions

319 Junctions

Page

110

120
120

120
120
120
125

126,

.00

00

IBO:

130

[31

140

140
|40

210

210

310

310
310
310

314,
314,
314.
317.
317.
319,

.50

10
20
20
10
10
10



Section

400

320

340

350

TABLE OF CONTENTS (CONTINUED)

Obstructions

321 Losses Due To Sudden Change

Area
322 Angle Points
323 Manholes
324 Freeboard
325 Grade Changes

Spiliways

34| General

342 Spillway Components
343 Spillway Types

344 Chute Spillways

345 Drop Spillways

Debris Dams and Basins
351 Debris Capacity

352 Spillways
353 OQutlet Works

Structural Design

410

420

430

Allowable Stresses
411 Hydraulic Structures
Rectangular Open Channels

421 Economy of Design
422 Method of Design
423 Design Loads

424 Structural Section
425 Construction Joints
426 Security Fencing
427 Access

Box. Conduits

43] Economy of Design
432 Method of Design
433 Design Loads

434 Structural Section
435 Joints

436 Access Structures
437 Protective Barriers
438 Pier Extension Wall

Page
320.10
320.20
321,20
323,10
323.10
325.10
340
340
340
342.40
343,30
345,10
350
350
350
353.10
410
410
420
420
420
420
423,20
425.10
426.10
426.10
430
430
430
433,10
433,30
434.70
436.00
436.00

436

.00



Section

440

450

460

470

Appendix A

Appendix B
Appendix C
Appendix D

References

TABLE OF CONTENTS (CoNTINUED)

Reinforced Concrete Pipe

441 Design of Reinforced Concrete Pipe 96
Inches in Diameter and Under

Trapezoidal Open Channels

451 General

452 Reinforced Concrete Trapezoidal Channels

453 Rip Rap Slope Protection for Trapezoidal
Channels

Debris Dams and Basins

461 Basin Design

462 Earth Dam Design

463 Spillways

464 Outlet Works

Subdrain Systems

471 General
472 Types of Subdrains

- Miscellaneous Data, Preparation of Plans
and Specifications

- Miscellaneous Data; Hydraulic Design
- Miscellaneous Data, Structural Design

- Design STandérds

Page

440

440

450

450

450

452,

460

460
460

463,
464,

470

470

472.

50

10
10



INDEX OF TABLES

Title
Laboratory Analysis
Frequency Criteria
Manning Roughness Coefficient, "n"
-Allowable Mean Velocities for Unlined Channel
Factors for Circular Conduits Flowing Part Full
Allowable Stresses
Table of Vertical Live Loads

Récommended Values of Cohesion (c) for
Various Soils

Thickness-andﬂGradaTion-Of'RockrRip Rap

Table
Number

124.40
220.
313.10
314.10
319.60
411.

441,21

441,22

453.23



INDEX OF FIGURES

Title
vBend Losses in Closed Conduits
Design of ConTracTiong in Supercritical Flow
Junction Analysis of Channels
Bfidge Pier Losses by Momentum Method

Approximate Bridge Pier Losses by Momentum Method,
Class A and B Flow

Approximate Bridge Pier Losses by Momentum Method,
Class C Flow :

Head Loss Through Trash Racks
Bernoulli's Theorem

Approximate Losses in Chutes for Various Value of
Water Drop and Channel Length

Relation Between Variables in Hydraulic Jump for
Rectangular Channels :

Stilling Basin Characteristics for Froude numbers
between |.7 and 2.5
> 50 fps

Uu.S.B.R.-Basin Il, F, > 4.5 and V

|
U.S.B.R. Basin .iIIl, F

> 4.5 and V, < 50 fps

i |
U.S.B.R. Basin |V, Froude number 2.5 to 4.5
S.A.F. Stilling Basin

Hydraulic Characteristics of Straight Drop
Spillways

Surcharge Due to Sloping Backfill
Moments and Shears for Cantilever Walls
Moments and Shears at Base of Channe! Walls for

H=-15 Trucks Traveling Paralilel to Centerline of
Channel .

Figure
Number

317.10

318.21

319.90

320.10(a)

320.10(b)

320.10(c)
320.20

344.21(a)

344.21(b)

344 .31 (a)

344,31(b) -
344.31(c)
344 .31(d)
344.31(e)

344 .31 (fF)

345.20
423.11(a)

423.11(b)

423.12(a)



INDEX OF FIGURES '(CONTINUED)

Title

Moments and Shears at Base of Channel
H-20 Trucks Traveling Parallel
Channel

Walls for
to Centerline of

Design of Floor Slabs
Soil

in Rectangular Channels,
Pressure 6 Foot High Walls

Design of Floor Slabs in Rectangular Channels,
Moment in Bottom Slab 6 Foot High Walls

Design of Floor Slabs

_ in Rectangular Channels,
Soil

Pressure 8 Foot High Walls

Design of Floor Slabs in Rectangular Channels,
‘Moment in Bottom Slab 8 Foot High Walls

Design of Floor Slabs
Soil Pressure

in Rectangular Channels,
0 Foot High Walls

Floor Slabs in
Bottom Slab 10

Design of
Moment in

Rectangular Channels,
Foot High Walls

Floor Slabs in
Bottom Slab 12

Design of
Moment in

Rectangular Channels,
Foot High Walls, Case

Floor Slabs in
Bottom Siab 1|2

Design of
Moment in

Rectanguliar Channels,
Foot High Walls, Case

Concrefte Quantity Comparison Curve for Box
Conduit Section

Standard Loading Conditions for Box Conduits
Velocity Against Stone on Channel Bottom

Size of Stone That Will Resist Displacement
for Various Velocities and Side Slopes

Figure
Number

423.12(b)

423.21(a)

423.21(b)

423.21(c)

423.21(d)

423.21(e)

423,21 (%)

423.21(g)

423,21 (h)

431.10
433.00

453.23(a)

453.23(b)



INTRODUCTION

This .manual establishes uniform policies and procedures °
for planning and design of dralnage facilities on water-
courses designated to be under the jurisdiction of the
Ventura County Flood ConTrol District. :

The maferial in the manual has been organized to provide
the user with various design approaches as well as baslic
minimum requirements established by the District. The
design approaches are presented to guide and assist the
user. in performing the planning and design function and
should not be considered as a substitute for :sound
engineering practice. Design policies and standards are
not inflexible. Higher standards may be used within
reasonable economic limits. To insure dniform practice
‘on a county-wide basis, lower standards may not be used
without approval from the District.



100 |
PREPARATION OF PLANS AND SPECIFICATIONS
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110.

PRELIMINARY ENGINEERING AND ECONOMIC STUDIES

Prior to the start of preparation of plans for a
project, such engineering and economic studies as

may be necessary shall be made to determine that

the alignment, type of structure and limits of the
project are those that will best and most economlcally
serve the area to be drained.

In performing economic studies, comparative estimates
of combined right of way, construction, operation and
maintenance costs for both open and covered sections

shall be made. As an aid in preparing these estimates,
the District will furnish right of way costs for both
open and covered channels. In all cases the implication

of constructing a certain facility on the adjacent
property shall be investigated.

in pIanning the project, careful consideration shall
be given to allgnlng the project so that adequate
working area is available for the contractor's oper-
ations and to avoid proximity to buildings that might

" be damaged by construction activities. Wherever

economically and hydraulically practicable, the facility
shall be aligned so as to stay out of business districts
and State Highways.



121.

122.

123,

124.

120, DATA TO BE SUBMITTED IN ADVANCE OF
PRELIMINARY DRAWINGS

GENERAL

The requTremehTs presented herein are intended primarily
for other agencies and consulting engineers performing
design of flood control faciiities. However, similar

procedure may be used by the Design Section in coor-

dinating the preliminary steps prior to starting the
design.. _ ,

REQUESTS FOR CHANGES OF ALIGNMENTS, LIMITS OR TYPES OF

STRUCTURES

When, as a result of economic studies or for other
reasons, it appears that a change of alignment, [imits
of the project or type of structures from those deter-
mined by the District should be considered, comparative
plans, hydrology, right of way requirements and cost
estimates, as applicable,.fqr the proposed revision
shall be submitted for District approval prior to use.

RAILROAD CROSSINGS

The District will arrange for conferences between the
designing agency, the District and the railroad
companies; and subsequently obtain approval from said
companies in cases where drains encroach or cross
railroad property or fracks.

Prior to the conferences, transparencies of drawings on
standard size sheets showing plan, profile and section
of crossings, vicinity skefch, loading factors and
structural details and calculations will be submitted
to the District.

SOIL INVESTIGATION REPORT

Three copies of the soil ‘investigation report (original
and duplicates) prepared in accordance with the following
requirements shall be furnished the District.

.10 GENERAL

Sufficient subsurface exploratory borings and
sample analyses shall be made to permit the
District to make an adequate assessment of the

soil problems which may be encountered in the
construction of the project. The soil investi-
gation report shall contain findings and supporting
information on (a) the relative density, type and

16
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.20

extent of material to be encountered, (b)
excavation problems, (c) location and extent

of over-excavation required, (d) the stability
of proposed excavations and of fill and backfill
slopes, (e) the bearing capacity and settlement
characteristics of the individual soil types
relative to their use as fill or backfill,

(f) the ground water condition, (g) the presence
of substances in ground water or in the native
soils deleterious to concrete and steel, and

(h) information on lateral earth pressures.

Recommendations with supporting information
shall be made for special problems such as, but
not limited to, construction in expansive soils;
construction in soil which has hydrocarbons;
water control and, if dewatering is considered,
the method to be used and what effects might

be expected on structures or other improvements
adjacent to the construction; use of project
excavation material for fill and backfill which
has an excess of moisture; if and where piling
should be used.

Field observations of items which can affect the
construction operations, such as bedrock out-
croppings between the borings, shall be recorded.

The District will anélyze and use information
from the soils investigation report in reviewing
plans and specifications for construction.

LOCATION, SPACING AND DEPTHS OF EXPLORATORY BORINGS

Exploratory borings shall be identified with the
numbering sequence increasing upstream with each
line of a project having its own sequence numbers.
Borings shall be spaced at intervals not to exceed
600 feet, and their locations shall be shown and
identified on a location map to be bound in the
report. The scale of the location map shall be

not less than one inch equals 600 feet. One boring
shall be located at the downstream end of a project
line, or at its confluence with another line of

the project. The interval between borings shall

be reduced if necessary so as to locate borings

in areas in which fopography or other evidence
indicates a probability of soil conditions differing
from those of surrounding areas or so as to locate
borings adjacent to existing structures where
special construction measures may be necessary.
Borings shall be dritled in the bottom of natural
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channels when necessary to be truly indicative

of field conditions on the project alignment.

The location maps shall show the location and length
of the proposed storm drain. Each log of a boring
shall have the elevation of the existing ground
graphically indicated. Boring locations may be
selected at any point within the rights of way or
easements in which the conduit or structure is to

be located. Except in unusual situations, borings
need not be located in paved street areas, but may

be located in back of the curbs in the parkway areas.
In order that the stability of the foundation may be
adequately determined, soil borings having a diameter
sufficient for obtaining adequate samples for testing
and analyses shall be carried to the following depths:

: .
.21 Where no ground water is encountered, test holes
shall be carried to a depth of at least two
. feet below the proposed storm drain invert.

.22 Where ground water is encountered in vicinity
of subgrade, or above, test holes shall be
carried to a depth of ten feet or twice the
structure width, whichever is less, below the
proposed storm drain invert.

.23 |f unsuitabie material for support of the drain
is encountered near subgrade, test holes shall
be carried through to the bottom of the unsuit-
able material or to a depth of ten feet below
the proposed invert, whichever is less.

.24 Where the construction will involve structural

foundations such as footings or piles, the
test holes shall be carried sufficiently below
the footing subgrade or pile tip elevation to
furnish bearing capacity and setftlement infor-
mation for proper design of the foundation.

.25 In the event a project is so redesigned subse-
quent to the soil consultant's report that the
subgrade is lowered or the alignment is changed,
additional borings shall be made as necessary 1o
conform to the above requirements for those
portions of the alignments which have been
redesigned.

LOGS OF BORINGS

The logs of borings shall give the soil classifications
and descriptions together with all pertinent obser-
vations made in connection with the drilling of The

borings.

18
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In addition, the group symbol according to the
Unified Soil Classification System shall be affixed
either on the log of the boring or in parentheses
following the soil classification. Selection of
the group symbol shall be based on the Field
tdentification Procedures and on the criteria given
on Table | of the Corps of Engineers Technical
Memorandum No. 3-357, Volume |, dated March, 1953
(Revised April, 1960) entitled Unified Soil Classi-
fication System, and Earth Manual, published by the

United States Department of Interior, Bureau of
Reclamation. The field classification group symbols
shown on the boring logs should be compared with the
results of mechanical analyses, where available, and
corrected if not compatible with the laboratory test
data. :

SOIL SAMPLES AND REQUIRED ANALYSES

Representative undisturbed and bulk soil samples
shall be taken from each major soil type encountered
in the borings. The type and depth of sample shall
be indicated on the logs of borings. Laboratory
analyses shall be made on the soil samples as indicated
in Table 124,40, '

Prior to disposing of the soil samples and after
receipt by the District of the consultant's soil
report, the District shall be advised in writing or
by telephone at least |5 days in advance of date of
disposal. In unusual soil situations where soil
characteristics may seriousiy affect design, District
personnel may examine the samples, or may arrange for
storage by the District in lieu of disposal. Further-
more, in such situations should additional tests be
necessary, in the opinion of the District, they shall
be furnished by the designing agency when requested
in writing by the District.

GROUND WATER

The logs of the exploratory borings should indicate
the ground or perched water table as of the date the

boring was made. |f no water was encountered, a
statement to that effect shall be included in the
logs of borings. |In every case where it is deemed

possible that seepage, ground water or free water of
any kind may be present, the boring shall be left"
open overnight or a minimum of 8 hours or, if free
water is detected, until the depth to water becomes
stabilized, but not to exceed 24 hours. The length
of time and the depths to which and from which the
water rose, shall be noted on the log of the boring.
In certain locations, substantial quantities of
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.70

.80

sulfates, acids and chlorides may be present in the

ground water, all of which are considered delieterious
to steel and concrete if found in sufficient quantities.
Chemical analyses shall be made of ground water encoun-

tered in each boring, to determine the quantities

of these deleterious substances present. The existence
of these substances in damaging concentrations may
justify the use of special cements or additives.

EXPLORATORY BORINGS, LABORATORY RECORDS AND ANALYSES

All field, laboratory, and office information shall
be submitted on 8 1/2" x |I" sheets. Boring locations
shall be given in terms of distances from street

centerlines, curbs or other permanent improvements.
The elevation of the ground surface at each boring
location shall be given. The date each boring was
drilled shall be given.

USE OF EXISTING EXPLORATORY BORING DATA

In many locations, exploratory boring data have been
taken previously for the soil information required

in the design of storm drains, sanitary sewers, bridge
foundations, or other structures. This information,
where available, adequate, and when taken in reason-
able proximity to the storm drain, may be used in
lieu of new exploratory boring data, except for the
determination of the existing ground water table.
These existing exploratory data shall comply with all
the conditions set forth in subparagraph .40 above.
In the event that the existing exploratory data do
not fully meet all of the requirements herein out-

lined, new exploratory boring information will be
required to supplement the existing data. Ground
water tables must, however, in all cases, be up to

date where said water table may influence the design
or affect the contractor's operations.

SOILS INVESTIGATIONS FOR DEBRIS BASINS

The soil invesfigaTioh and report shall meet the
following minimum requirements.

.81 Locations of Borings - Borlings shall be drilled
at least in the followlng areas:

a. In the foundation under proposed dam.
b. At dam abutments

c. Along alignment of outlet works.
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.82

.83

d. In borrow areas.

e. At locations of proposed structures such as
inlet chutes, outiet towers, spillways, etc.

f. Along proposed cuts such as for access roads,
~basin inlets.

It may be that some boring sites can be selected

so as. to furnish information for more than one of
the areas listed above, dependent on the site and
the proposed design. ‘Under some conditions, it may
be necessary to drill in other areas, such as in
natural slopes of questionable stability.

Depth of Borings - The minimum depths of borings

shall be as follows, except that if firm bedrocdk

is encountered at shallower depths, depths may be
reduced accordingly:

a. Borings in the foundation under the proposed 22
dam should have a depth at least equal to the
height of the dam; if soft or loose materials
are found to exist at that depth, drilling
" should be continued until firm material, not
necessarily bedrock, -is reached.

b.- Bdfings>a+ the abutments shall extend at least
into firm material, not necessarily bedrock,
suitable for support of the dam.

c. Borings in borrow Sreas or along proposed cuts
~ should go at least:as deep as the proposed
--excavation. - '

‘d.,fBorings*aT.locéTions for structures should

- extend at least five feet below structure
subgrade. - I f water is encountered, the boring
should be drilled at least ten feet below the
structure subgrade. '

Reduction of boring depths due to presence of firm
bedrock will be permitted only in igneous materials
such as granite, decomposed granite, and similar

‘massive rock in which it may be necessary to

excavate by jackhammer, blasting, or similar methods.
The depth of drilling shall not be reduced in sofft,

stratified, or fractured materials such as shale,

slate, or weak sandstone.

Number and Frequency of Borings - The number of
borings shall be sufficient to allow obtaining all
necessary information for proper design, as described

below. The number necessary will depend on the design
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and on site conditions, and cannot be specified

in these recommendations; in addition, a need for
additiaonal borings may be disclosed during the soil
investigation.

It may be possible to minimize the number of borings
by the use of supplemental information obtained by
geophysical methods such as seismic or electrical
resistivity measurements. The results of such
.measurements shall be verified by and correlated
with borings at the site; it will not be permissible
to eltminate borings entirely and depend only on
geophysical information.

.84 Type of Exploratory Excavations - The term "boring"
as used in these recommendations is intehded to
include borings by drill rigs; auger holes; pits
dug by hand or by equipment such as bulldozer,
backhoe or clam bucket; tunnels; or other excava-
tions as may be suited to the type of material
encountered and the conditions of the site.

Borings by drill rigs should, if possible, be done
dry by using buckets, helical augers or similar
tools to facilitate examining, sampling and logging
the materials encountered. Wash borings, cable tool
borings, or use of drilling mud should be avoided

if other means of advancing the boring (such as-

use of casing, if needed) are feasible.

.85 Samples - Samples should be obtained in each
boring, so that each type of material encountered
at the site is presented. Both undisturbed and
bulk samples of each type of material shall be
obtained if reasonably possible.

I f ground water is encountered, samples shall be
obtained for chemical analysis. Water samples
shall also be obtained of any surface water flowing
at the site.

Samples other than water samples shall not be :
disposed of until after notification of the District.
District personnel may examine the samples, and may
elect to store them on District premises in lieu

of having them discarded.

.86 Design Recommendations - |+ is suggested that the
designer familiarize himself with the book prepared
" by the Bureau of Reclamation, United States Department
of the Interior, entitled "Design of Small Dams" and
State "Rules and Regulations Pertaining to Supervision
of Dams in California".
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Recommendations shall be submitted by the soil
engineer for all phases of the work related to

soil

mechanics and foundation engineering, including

but not limited to the following:

a.

Treatment of the abutments of the dam, so as
to prevent cracking, differential settlement,
piping, or excessive seepage.

Necessary depth of stripping in areas to be
covered by fills, in order to minimize settlement,
piping, or excessive seepage.

Treatment of foundation for dam and structures
to minimize post=construction settlement,
cracking, or leakage.

Needs for subdrainage systems or toe drains, to
prevent saturation failures of slopes or uplif+t
of structures.

Stability of proposed fill slopes for the dam,
under the various conditions which may exist
following construction. Due allowance shall be

made for seismic loading, seepage, and drawdown.

in the event that subdrains or toe drains. are
needed, gradation requirements for filter and
drain materials so as to prevent failure by

clogging or by piping.

Needs for erosion-resistant inlet s+ruc+ures,
to prevent unacceptable erosion of stream bed
material upstream of the basin.

Stability of proposed fill slopes for access:
roads, housing areas, or other purposes. Due
allowance shall be made for surcharges and live
loads.

Suitability of proposed borrow materials, with
relation to compressibility after placement and
compaction, expansiveness, stability, presence

“of soluble or decomposable materials, and

permeability, so as to prevent post-construction
shrinkage cracking, excessive settlement or
saturation, slope failure, excessive seepage, or
progressive removal of solids by-solution.

Relative density (or relative compaction, or per
cent compaction) necessary in compacted fills,
and the test procedure for determining laboratory
maximum density. ‘
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k. Proposed location of concrete structures
(particularly the spillway) with respect tfo
suitability of the foundation to support the
loads without undue or differential settle-
ment which could cause cracking or leaking of
the structures.

I. Need for special cements in concrete, to resist
high sulfates or other deleterious materials in
water or soil which might cause deterioration
or loss of strength of concrete.

m. Stability of proposed cut slopes in order to
prevent sloughing which might extend outside the
right of way, block the access road, or reduce
the available capacity of the basin. '

n. Stability of natural slopes which may become
inundated, in order to prevent sloughing which
would reduce the available capacity of the basin
or extend outside the right of way.

o. Stability and bearing capacity of material (in
cut or fill) at grade for the access road, with
respect to support of traffic loads as necessary
during the after storms. Due consideration shall
be given to possible erosion of the access road
as related to the proposed grade. |f surfacing
is found to be needed, recommendations shall be
made as to the type, thickness, subgrade prepa-
ration, need for base or subbase, and related
matters. ‘

p. Treatment of the upstream face of the dam.as
necessary to control erosion by wave action or
rainfall, saturation of the dam by water in the
basin, and as related fo possible effects of
drawdown and cleanout operations.

q. - Needs for erosion prevention treatments,
including planting, drainage devices, or erosion
resistant covers such as rock blankets, for cut
and fill slopes including the. downstream face
of the dam, and for the crest of the dam.

r. Treatment of excavations, subgrade, and backfill
in-connection with outlet conduits, with respect
to preventior of piping or erosion along the
conduits. ‘

s. Need for and required depth of any cutoff to
prevent or control seepage through the foundation
of the dam, to prevent failure by piping, uplift,

~or removal of soluble materials.
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t. Need for special construction methods of back-

‘filling behind spillway walls, so as to minimize
shrinkage of spillway backfill away from the
main mass of the fill.

.87 Supporting Information - The design recommendations
shall be accompanied by supporting information,
including but not limited to the following:

a. Logs of borings, showing in addition to the
location and surface elevation of each boring
so referenced that the relationship with the
proposed design can be evaluated. Each log
should describe the material encountered and

-~the depth thereof; the depth to ground water
‘if any; the occurrence of sloughing, ravelling
or seepage; the site of the boring and the
method and date of drilling, including any
use of casing, drilling mud, or other pertinent
features, and the depths at which .samples were
obtained. The soil classification system used
in logging the borings shall be identified in

the soil investigation report. |f the soil
classification system is not widely used, it 26
shall be described in the soil investigation

report,

b. Results of any geophysical measurements which
' wére made.

"c. Reports and interpretation of any geologic
studies which were made. !¥f conditions warrant,
the District may require an engineering geologic
investigation.

d. Results of laboratory analyses as follows:

(1) Consolidation test, particularly of dam
fill and foundation materials, of undisturbed
and remolded samples, with water being added
during the test.

(2) Strength tests (direct shear, unconfined
compression, or triaxial compression as
applicable) as natural moisture or saturated,
as applicable. A description of the test
conditions (drainage, strain rate, etc.)
shall be included. Results shall be presented
in terms of internal friction angle and
cohesion.

(3) Mechanical analyses.
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125.

(4) Any classification tests such as Sand
Equivalent or Atterberg Limits which
may have been performed.

(5) Any tests for shrinkage, expansion, or
expansion pressure which may have been
performed.

(6) Permeability, particularly of dam fil! and
foundation materials.

(7) Organic content, particularly of dam fill
and foundation materials.

t8) Chemical analyses for materials deleterious
to steel or concrete, in water or soil.

(9) Native density dand moisture content.

(10) Laboratory maximum density and optimum
moisture. content with the method of
determination being identified.

e. Results of calculation such as factors of safety
against sliding for proposed slopes and amounts
of settliement to be expected under various
anticipated situations.

f. Results of any field observations of pertinent
matfters such as bedrock outcrops, overhangs,
springs and seeps, presence of existing wells, and
evidence of previous accelerated erosion.

.88 Supplemental Information and Recommendations - 1f it
should prove necessary to make changes in the design
or construction which may affect the operation or
maintenance of the basin, supplemental information and
recommendations shall be submitted. For example, if
an unexpected shortage of borrow material should
require the use of a new borrow area or pit, the
materials in the new source shall be investigated
by the soil engineer and approved by the District
prior to use. .

INDUSTRIAL WASTE
Where it is evident that the project drain will be

subjected in any way to industrial waste, the chemical
analyses thereof shall be furnished the District.
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126.

126.00
SURVEY DATA

Survey data such as survey controls, cross sections,
aerial surveys and other pertinent information shall be
generally furnished by the District. Any errors found
in the survey data or need for any additional survey

information shall be brought to the attention of District
prior to commencement of the preliminary design.
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[31. DRAWINGS
.10 GENERAL

Preliminary drawings shall consist of sepia
transparencies pf the original tracings. Detailed
design for reinforced concrete structures shall
not be submitted with preliminary drawings. All
preliminary drawings shali be on District standard
size sheets with the District title block thereon.
The size of the drawing sheets is 21" wide x 42"
long, measured inside of borders, and is available
in half plan and half profile, blank, and 10 x |0
'cross section. Drawing sheets will be provided by
the District. : '

The following general requirements shall be appli-
cable to fthe preliminary drawings.

.11 Since contract drawings are reduced to half
scale for inclusion in the specifications,
all leftering on such drawings shall be
equivalent to, and/or iarger than, the #5
setting on the Ames Lettering Guide.

.12 Plans and proffles shall be stationed upstream
from left to right and each sheet shall be
plotted with |limits identical and no overlaps
on adjacent sheets.

.13 The. sheets shall be used entirely.

.20 TITLE SHEET

The first sheet of the drawings shall be the tifle
sheet and shall have shown thereon:

.21 tocation map, north arrow, and numerical and
graphic scale. Decals will not be acceptable.

.22 Index to sheets of drawings.

.23 Structural and hydraulic criteria used in
design. '

.24 Location and length of project.
.26 Key map.

.26 General notes. See Appendix A for a listing of
generally applicable general notes.
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. 30

.27 Project and specification numbers. |If
a Bond Program Project, the year of the
Bond Program and Bond Program number shall
also be indicated. .

.28 Title Bloeck - The title block shall contain
the project name. The tTitle block shall
not include the words "Title Sheet".

PLAN

The following information shall be indicated on
plans for storm drains and conveyance structures,
for other types of flood control structures
appropriate data shall be provided:

.31 Secale - I"™ = 40', show numerically and
"graphically

.32 North arrow.

.33 Show outline of main channel or conduit and

other flood control facilities. Show cenfer-
line of main facility with appropriate fies
to survey control line and right of way lines.
Indicate the dimensions of the facility as

viewed on the plan. Show contour of existing
ground, or outline of existing channel at foe
and top of bank. A separate tie sheet may be
used, if the inclusion of fie information on
the plan affects clarity.

.34 Show railroad property lines and tracks.

.35 Show location of fest borings in accordance
with subparagraph .60.

.36 Utilities, Sewers and Drains - Indicate the
type, size and ownership of all existing
utilities, sewers, house connections, power
and telephone poles affected by the project.
Utilities to be abandoned in place or
relocated by owner shall be shown by the
appropriate note.

.37 Existing Improvements and Culture - Indicate
on plans all existing improvements which will
be affected by construction, or which will
affect the contractor's operations. Show all
culture and trees within the right of way as
well as those outside the right of way affected

by the construction. |Indicate on the drawings
the approximate size of trunk measured 3 feet
above ground. Show all trees which must be

removed or replaced by appropriate symbol or
note. -

30
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.38

Show right of way or easement lines, street
centerline, street improvements, driveways,
structures and other improvements which will

be existing at the time of the construction.
Right of way lines shall be shown with sufficient
ties and details to allow for use in right of

way acquisition. Also show temporary work areas.

.40 PROFILE

.41

.42
31

.43

.44

.45

.46

.47

Seale: Vertical I" = 4', horizontal |" = 40",

Indicate numerically. A vertical scale of

I" = 8' may be used when the steepness of

terrain or depth of drain below ground surface
makes a scale of |" = 4' impractical. A change

in scale within a set of drawings shall be noted,
directing attention to said change. '

Show ground line over centerline of drain, and
in the case of open channels, show ground line
at centerline of construction.

tndlcate slze of condult or channel by reach,
such as plpe diameter, width and height of

open channels or box conduits. In case of
alternate designs (pipe or box), indicate

both including D - load for pipe. The height

of box conduits shall be defined as the vertical
distance from the base of the wall to the soffit.
In rectangular or trapezoidal open channels,

the height shall be defined as the vertical
distance from base of wall to top of wall.

Show invert (grade line) and soffit of closed
conduit or top of wall. The invert elevation
shown shall be at the centerline of the drain

or at the lowest point in a multibarrel boxes.

Show hydraulic grade line and the energy grade
line. Abbreviate as HGL and EGL respectively.

Show with dashed lines the ouflines of existing
structures which may affect or be affected by
the construction.

Show location and vertical position of all
utilities traversing the right of way, which

may be affected by the construction. indicate
the correct numerical elevation of all under-
ground utilities three inches or greater in

diameter in case of pipe conduits, and all
telephone conduits or ducts. The numerical
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.50

.60

elevation shall be substantiated by explor-
atory excavation when possible. Also on
profile show encasement and protection of
utilities, where required.

CROSS SECTIONS

.51 Scale not less than |I" = [0' No distorted
scale.

.52 Show sufficient cross section based on recent
field survey. Accurately calculated earth-
work, structural excavation, and structural
backfill quantities shall be indicated at
each cross section in cubic feet. Pay lines
and cross sections shall be shown in pencil.
Cross section of the structure shall be shown
in pencil on the preliminary plans, and shall
be inked on the final drawings.

.53 Cross sections shall be at intervals required
by the topography of the specific area,
however, in no case shall the interval be

greater than 100 feet. 32.

SOILS INVESTIGATION DRAWINGS

The location of the test borings shall be shown by
symbol on the plan portion of the storm drain plan
and profile sheets. The logs of the borings,
however, shall be plotted on separate standard
size sheets showing all information given for the
logs in the soils report and indicating the grade
line for the proposed facility on each boring log.

A note shall be placed on said drawings indicating
those ftest borings in which ground water was
encountered. |f no ground water was encountered

in any of the borings, a statement to that affect
will be made.

I32. SUPPORTING DATA AND RIGHT OF WAY REQUIREMENTS

.10

GENERAL

One complete set of all calculations shall be
submitted for review. The calculations shall be
bound in separate folders with tiftle on cover,
pages numbered, and indexed. Each sheet of
calculations shall be dated and have name or
initials of individual making the calculations.
All calculations submitted by consulting
engineers shall be affixed with the name and
number of a regisftered engineer, indicating

that the calculations have been checked.
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.20

. 30

.40

Calculations pertaining tfo hydrology, hydraulics,
quantities and cost estimates, and other supporting
data shall be in separate folders.

HYDROLOGY CALCULATIONS AND DRAINAGE MAPS

Two separate drainage maps shall be furnished.
One map shall show the watershed for the main
channel and shall include the 50 yr. 24 hr. isohyetal

lines, sub-areas colored and numbered, soil types,
cover types, concentration points, contours and
pertinent elevations. The scale of this map shall

be not less than | inch = 2000 feet.
A second map shall be primarily for the developed
areas adjacent to the main channel and shall indicate

the sub-areas, direction of surface flow, location
of existing drainage structures, concentration
points of the surface flow and other pertinent data
necessary for proper disposal of surface flow. The
map shall show the latest developments and the scale
shall be not less than | inch = 600 feet.

HYDRAULIC CALCULATIONS

Hydraulic calculations for the main channel and
appurtenant structures as well as hydraulic
calculations for side drains, catch basins and other
minor facilities, when included in the design.

COST ESTIMATES AND QUANTITY SHEETS

.41 All construction cost estimates shall be
submitted on the Districts' Engineers' Estimate
Summary Sheets, accompanied by appropriate
detailed quantity computations. Prices used
in Cost Estimates shall be based upon the
Districts' Cost Estimating data presented in
this manual. All Quantity and Cost Estimates
shall be submitted in single copy and shall
be neat and legible.

.42 Quantities shall be completely and.independenfly
checked by the consulting engineer or designing
agency.

.43 |f revisions to drawings result in changed
quantities, revised cost and quantity estimates
shall be submitted together with revised
drawings.
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.60 RIGHT OF WAY REQUIREMENTS

.51 Transparencies of drawings and/or sketches
showing right of way requirements shall be
submitted. The preliminary drawings as
described above may serve as right of way
drawings provided all of the necessary
information is clearly presented, or if
desired, separate right of way sketches may
be submitted. The drawings and sketches
shall include the following information.

a. Correct title, project number and date.
b. North arrow and scale

c. Location of right of way fo be acquired,
including ties to control lines.

d. Legal identification of ftracts and lots
in which right of way is requtred.

e. Field survey notebook references.
.52 The sketches shalil be on standard size sheets.

.63 Addjtional sketches shall be submitted for
each revision in right of way requirements,
including the correct identification of th
portion to be superseded or added. ‘

.54 Right of Way for Covered Conduits - Right of
way dimensions for covered conduits, in
general, shall be equal to the inside
dimensions of the box or pipe conduit plus
three feet on each side of the conduit, but
in no case shall the width be less than
I5 feet. :

.55 Right of Way for Open Channels - Open channels
will require widths of right of way fto meet
ground surface conditions. and access road -
requirements. Right of way dimensions shall
be as follows:

a. When the inside ftop width of a channel
section is less than 40 feet, the width
of the right of way shall be equal to
said top width plus 18 feet (3 feet on
one side of the channel and 5 feet on
other side for access road) and such
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additional width as may be necessary

for cut or fill slopes to daylight
(cut sliopes | /2 : | and fill slopes
2 : | unless soil conditions require

flatter slopes).

When top width of channel section is 40
feet or more, an additional 12 feet over
the width shown in a. above shall be
required in order to provide for access
roads on both sides of the channel.

When possible, it will be attempted fo
obtain slope right for cut or fill slopes
and to maintain the right of way or ease-
ment lines at the foe or top of pank,
respectively.

When a parallel public street is adjacent
to the right of way, thereby providing
access for maintenance of the channel,
each of the total widths shown in a. and
b. above may be reduced.

Access shall be provided to the access
roads from all cross streets.
Suitable access ramps shall be provided

for access to open channel bottom in
accordance with District Standards.

In addition to the above requirements for
permanent rights of way, temporary
construction easements or work areas shall
be provided as necessary to encompass a
sloped excavation of 3/4 to | (or flatter
where the safe angle of repose is less
steep) in conformance with the "Construction
Safety Orders" of the State Division of
Industrial Safety.

.56 Right of Way Requirements for Debris Basins

a.

Sufficient right of way shall be provided
for economical maintenance and access for
cleanout equipment and shall include
sufficient area to provide for a 15 foot
wide access road from a dedicated public
street to the debris basin.

To establish the required right of way
limits, based on the maximum expected
debris deposit, the theoretical debris
slope, facing upstream from the spillway
crest, shall be assumed at 75% of the
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.57

.58

average slope of the original stream-
bed for the total length of the basin
site.

c. In general, the contours of the debris
surface shall be assumed as straight
lines at right anglies to the centerline
of the spillway and/or the basin stream-
bed, depending on the shape of fhe basin
involved.

d. A disposal area, of sufficient storing
capacity subject to District approval
shall be provided within an economical
hauling distance from the debris basin.

Survey Notes - All additional surveys performed
by the consulting engineer or designing agency
other than those performed by the District
shall be in accordance with recognized good
surveying practice. All survey notes must be
neat, Téchnically correct, accurate, legible
and clear enough to reproduce. Notes shall
include sketches oriented by a north arrow
pointing up the page, preferably. Date of |
survey, field book page number, party's
personnel, cross references to adjoining
pages, and references to all District field
books must be shown.

Two copies each of all pages of horizontal
control, vertical control, and calculations
shall be furnished. Horizontal control,

vertical control, and design survey notes
shall be submitted on separate pages. All
notes shall be on 8 1/2" x |I" sheets.

Comparative Cost Estimates to Justify Utility
Relocations - Economic studies shall be made
during preliminary design of the project with
respect to the cost of relocation or recon-
struction of existing street or other surface
improvements, utilities and storm drains.
Where the alignment is such as to require

the relocation of a utility, a comparative
cost study shall be made to determine the
possibility of realignment of the drain or
other modification, which may result in cost
saving to the District.

Comparative cost estimates shall be furnished
to the District with the preliminary drawings
where it is proposed to relocate a utility or

modify the flood control facility.
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141. DRAWINGS

.10 GENERAL

Final drawings shall be on District standard size
sheets having District title block, complete with
name of project, signature and approval of project
engineer, name of consulting engineer and designing

agencies, if any, and all other information as
required under "Preliminary Drawings and Supportfing
Data".

.20 DRAFTING

All drafting shall be in pencil, with the following
exceptions:

.21 Outline of pipe or box conduit and open channel
shall be inked on the plan and profile sheets,

.22 Outline of all major details or cross sections
on the detail sheets shall be inked. Standard
symbols for concrete or steel or other materials
shall be shown on the cross sections.

.23 All the lettering on the title sheet and in the
title blocks shall be Leroyed in ink.

.24 All sections of the structure on the cross
section sheet shall be in ink.

.30 DETAILS

‘A1l structural details shall be no less than 1" = 4!

in scale and shall indicate sufficient details for
construction purposes. The title block on the detfail
sheets shall indicate the type of detail shown thereon.

142. SUPPORTING DATA
.10 PRELIMINARY DATA

Furnish all supporting data as required under
"Preliminary Drawings and Supporting Data", if not
previously furnished.

.20 STRUCTURAL CALCULATIONS

Furnish two complete sets of structural calcula-
tions. Structural calculations may be submitted
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.30

.40

after the preliminary data but prior to the final
supporting data, for review by the District,
particularly when special problems are encountered
in the structural design.

SPECIFICATIONS

.31 Furnish a complete set of Special Provisions
to accompany the standard specifications
used by the District. Special Provisions
shall cover all items of construction by
bid item, both for the materials and the
construction methods view point. Standard
Special Provision forms shall be provided
by the District upon request. Special
Provisions not covered by standard District
forms shall be written specially for the
purpose.

.32 A final Cost Estimate Summary on Djstrict
standard form shall be furnished. Where
‘separate construction schedules are used,
the Cost Estimate Summary shall be according
To schedule.

.33 - All above items shall be typewritten in
final form on 8 1/2" x |I" sheets, for
reproduction by Xerox.

FINAL REPORT

Two complete packages, original and one copy,

consisting of all final calculations, notes and
other data pertinent to the design of the project
shall be furnished in report form. Depending on

the number of sheets, the reports may be separated

“into hydrology, hydraulic, structural and other
‘reports and shall be bound in a cover with the

title of the project ‘and other pertinent data
shown thereon.
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210. METHODS

Methods outlined in the Ventura County Flood Control District,
Hydrology Manual shall be used for hydrologic design for
flood control improvements.

220. FREQUENCY CRITERIA

Storm frequency criteria to be used for the determination
of the design storm runoff is presented in the following table.

Table 220.

‘ Frequency of

Type of Improvement Occurrence In Years

Channels under VCFCD jurisdiction and
appurtenant structures 50

Channels intended for future VCFCD
jurisdiction and appurtenant structures 50

Small dams - Spillway¥* 100
Dams not meeting requirements of small

dams (Subject to the jurisdiction of
the Dept. of Water Resources, State of

California.) 1000
Levees and Channels where the H.G.L.

is above surrounding ground 500
Catch basins and minor side inlets 10

* Small dams include any dam which falls into one of the
following classifications.

a. Impounds less than 15-acre feet, regardless of height.
b. Is less than 6 feet high, regardless of capacity.

e. Is less than 25 feet high and impounds less than
50 acre-feet.

Height of dam is measured from spillway crest elevation to
natural streambed elevation at downstream toe of dam.
Capacity of dam is measured to spillway crest elevation.
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310. CONVEYANCE STRUCTURES

311. The term conveyance structure as used herein is
generally .intended to describe a facility that
conveys flow from one point to another, such as
an open channel or pipe. -The word channel is used
indiscriminately for open channels, conduifts with
freeboard or pipes flowing partly full. |In areas.
when application is Ilimited to a closed conduit
flowing under pressure, specific reference is made.

312. MAXIMUM PERMISSIBLE SIDE SLOPES

Maximum side siopes for trapezoidal open channel shall
conform to the following requirements:

.10 UNLINED CHANNEL

Side slopes shalt be limited to the natural
angle of repose of the material, or maximum
of 2:1. Divergence from this requirement may
be allowed based on materials investigation of
the soil and the ability of the soil under

L5 saturated conditions to remain stable and resist
erosion.

.20 LINED CHANNEL

Side slopes shall be limited to 1% : | or
flatter for unformed concrete lining. Formed
concrete sides shall be |limited to vertical
wall, rectangular channels. Maximum permissible
side slopes for rock riprap reveted channels
shall be 2:1.

313. ROUGHNESS COEFFICIENT

The following values of "n" for use in Manning's
equation are for average conditions. Modification
of listed values should be made in case of tortuous
channel alignment, variation of material, excessive
vegetation, etfc.

.10 UNIFORM SECTIONS

The values of "n" presented in Table 313.10
shall be used for channel cross sections with
material of the same roughness. :
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Table 313.10

Manning Roughness Coefficient, "n"

Corrugated Aluminum Pipe - I" x 6" Corrugation 0.027
Corrugated Metal Pipe - 1/2" x 2 2/3" Corrugation 0.024
Corrugafed Metal Pipe -~ I" x 3" Corrugation - 0.027
Corrugated Metal Pipe - 2" x 6" Corrugation 0.030
Reinforced Concrete Channel - formed or wood

floated finish, Also cast-in-place pipe 0.015
Reinforced Concrete Pipe - spun or cast 0.012
Roék Riprap Revetment - grouted or ungrouted 0.035
Unlined - graded earth, regularly maintained 0.030
Natural Streams, Regular Section - grass and

weeds 0.035
Natural Streams, Regular Section - light brush 0.050
Natural Streams, Regular Section - heavy brush 0.070

(for Natural Streams, irregular Section add 0.02 to above)

‘20

COMPOSITE SECTIONS

A welghted value of Manning's roughness coeffi-
cient "n" shall be used for channel cross
sections when the perimeter is made of several
types of material of different roughness coeffi-
cient. The equivalent coefficient is expressed
by the following equation:

3/2 3/2 3/2 2/3

[p, (nyp) * Py (ny) t Py (ng) J
n =

P

where n = equivalent coefficient

etc. roughness coefficient of individual

Ny, N
lining material.

2’

P, p2, etc. = wetted perimeter associated with
| roughness coefficient Ny» Ny etc.

P = Total wetted perimeter (pI t opy, * Pz + .. 0)
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314, PERMISSIBLE VELOCITIES
.10 UNLINED CHANNELS

Allowable non-erodible velocities for a variety
of earth channel material types is presented

in Table 314.10. All velocity determination
shall be substantiated by a soils investigation
of the area.

Table 314.10

Allowable Mean Velocities for Unlined Channel *

Mean Velocity

Lining Material ' ft. per sec.

Very light loose sand ' I.00
Coarse sand 1.50
Average sandyisoil 2.00
Sandy loam- 2.50
Average loam, alluvial soil, volcanic

ash soil | 2.75
Clay Ioam. 3,00
S+iff clay 4.00
Ordinary gravel soil 4.00
Coarse gravel, cobbles, shingles - 5.00
Cemented gravel, conglomerates 6.00
Tough hardpan, soft slate 6.00
Soft sedimentary rock 6.00
Hard rock 10.00

In the design of major Flood Control channels and when

a more exact solution is desired, the Method of Tractive
Force shall be used. . The allowable unit tractive force
presented in the references** shall be reduced by 20% to
allow for occasional peak flow conditions prevalent in
Ventura County.

% For aqllowable mean velocities in earth channel with
vegetative cover see Reference 12.

4% Reference 4 and 11.



Conveyance Structures 314.20

315.

3l6.

.20 LINED CHANNELS

No velocity limitation for reinforced concrete
lined channels. Velocity for a rock riprap
revetted channel shall be based on Table 314.10
and the Method of Tractive Force.

CHANNEL DEPTH
Depth of the channel section shall be computed by

the use of the following criteria and shall be the
sum of the depth of flow and freeboard as applicable.

In order to allow side drainage to enter, it is desir-

able to keep required top of bank at or below ground
surface as required by existing or future development.

DEPTH OF FLOW

Determine the water surface profile for uniform,
gradually varied steady continuous flow using
Bernoulli's Theorem, working upstream with F < | and
downstream with F > 1|,

Bernoulli}s equation: ;
4.
VZ2/2g+d, =v.2/2g+d, + L (S -5, +h 316(a)
I ! 2 2 — o f T
where
d = depth
)
F = Froude Number =
9 A
T
V = velocity
So = bottom slope
Sf,=‘fric+ion slope, ffbm Manning Equation:
o = L2885 pqpy 23 (s !/2 316(b)
hT = various head losses due to impact and

eddies, obstructions, junctions, etfc.

Hydraulic Work Form #I| presented in Appendix B shall be
used for water surface computation.
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317.

318.

BENDS
.10 CLOSED CONDUITS

Head loss due to bends shali be used in all pipe
.conduits, and in box conduits designed as open
channels when sufficient freeboard as required
in 323.20 is not provided; and shall be included
in the solution of the Bernoulli equation, in
addition to the normal friction loss.

hg = Kg (-2-5) -- | 317.10

Determine KB.by using Figure 317.10
.20 OPEN CHANNELS -

Head loss due to bends shall be used in all open
channels in accordance with the procedure outlined
on page 44! of Reference 4.

s

TRANSITIONS

Transition structures shall be provided whenever there
is a change in the shape and/or size of a conveyance
structure. The material presented below shal! be used
as the criteria in the design of transitions for sub-
critical and supercritical flow conditions. This
material is not applicable to sudden expansion or
contraction.. '

.10 SUBCRITICAL FLOW

1n the design of transitions for subcritical flow
conditions, sharp angles either in the water surface
or in the structure shall be avoided. The maximum
angle between the channel axis and a line connecting
the channel sides between entrance and exit sections
shall be 12.5°, The energy losses shall be computed
from the following equations: '

Accelerating flow V2 > VI

) ) 318.10(A)
hy = 0.1 (V," /29 -V, % /2g)

DeceleraTing f low VI > V2

- 2 2 ' ,
hy = 0.2 (v, /29 -V, / 29) _ 318.10(b)
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.20

SUPERCRITICAL FLOW

The approach presented herein shall be used in
the design of transitions In supercritical flow.

.21

Contractions - When supercritical flow is
introduced through a contraction* with symmet-
rical converging walls, cross waves will
appear. |In order to minimize disturbances
downstream of the transition the method
presented shall be used with straight, not
curved contraction. |In this approach the
shock waves which emanate at the beginning
of the contraction are directed to the
opposite walls at the end of the contraction,
~thus cancelling off the newly created .
negative disturbances, Figure 318.21(a).

Equations 318.21(a) and (b) and Figure
3i18,21(b) shall be used to design a straight
contraction.

3/2
b ds F
3

L . [ 2 318.21(a)
by d, F,

by - b |
L= —L—2 318.21(b)

2 tan 6

Figure 318.21(b) 'is used by entering the
flow conditions .at the entrance to the
transition characterized by F; and fthe angle
8 in the lower left hand quadrant and deter-
mining by, Fp, and dp,/d; at the point of
intersection of the first shock front shown
in Figure 318.21(a) as point B. Downstream

" of point B the flow conditions as given by

F, will determine the further progress of

the front. Thus due to symmetry the inter-
secting front wil! deflect through the angle

6 and condition at F3 can be determined by
entering F, and 6 into Figure 318.21(b)

in the manner used above. The length L of the
contraction is adjusted by repeated assumption
of wall angle 6 and application of Figure
318.21(b) until the affected shock point and
the end of the transition coincide. The value
of F3 should be held well within the super-
critical range, since otherwise a jump might
be produced which will drown the contfractian.

* For expanded discussion see Reference 7.
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Conveyance Structures 318.30

Generally, high values of FI and low values
of d3/dl will produce a long contraction.

The length of the contraction may be reduced
by using a ratio d3/dl between 2 and 3,
provided the F3 stays well above the critical
values. Although the above approach was
developed primarily for rectangular channels,
itT may be used in the design of trapezoidal
channels by using bI and b3 as the width at
the water surface at the corresponding locations,
and 8 as the deflection angle produced by
connecting the two ends of the transition

at the hydraulic grade line.

For low values of F, when above approach is
impractical, use Bernoulli's Equation ‘and
Equation 318.10(a).

.22 Expansions - In order to minimize disturbance
and to insure that the major part of the
flow will follow the boundaries, the criteria

presented here for the design of expansions
in supercritical flow shall be complied with:

a. The length of the approach channel
preceding the transition shall be a
minimum 5d, , in length, where dl is the
approach depth of fiow.

b. The maximum permissible side-wall
divergence shall be | in 3F,, however,

in no case shall the transition be
less than 10 feet in length.

c. The flow conditions at the end of

tTransition shall be detfermined by the
use of Bernoulli's Equation and Equation
318.10(b).

.30 CLOSED CONDUITS UNDER PRESSURE

Transition losses in conduits under pressure may
~be determined using the following criteria:

Accelerating flow: V2 > VI

2 2
hy = 0.1 (Y, /29—v| /2g) | 318.30(a)
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319.

Decelerating flow: V| > v2

| , |
hy = 0.2 (V, 3/29 -V, //29) 318.20(b)
JUNCT IONS

A junction is defined as a condition when two
conveyance structures converge into one, or where a
side inlet is made into a.conveyance structure.

_‘Hydraulic analysis shall be performed for all

Jjunctions involving converging channels and whenever

the flow in the side inlet exceeds 10% of the flow

in the main channel. Hydraulic analysis shall also

be performed for all junctions of circular pipe

conduits flowing under pressure. The hydraulic analysis

of junctions as presented herein requires the evaluation

of the pressure and momentum at various locations in

the junction. See Fig. 319.90 for junction of two channels.

.10 GENERAL EQUILIBRIUM EQUATIONS *

The general equilibrium equation for all cases
is:
P, + M2 = Pl + M, + My cos 8 + P; + P, - Pg 319.10
Where Pl = hydrostatic pressure on section |
P2 = hydrostatic pressure on section 2
P, = horizontal component of hydrostatic

pressure on invert

P = axial component of hydrostatic
pressure on walls

Pf = retardation force of friction
(S} and S, are friction $lopes
see Kings Hdbk.)

MI = momentum of moving mass of water
entering junction at section |

M2 = momentum of moving mass of water
leaving junction at section 2

M3 cos 6 = axial component of momentum

of the moving mass of water entering
the junction at section 3.

In the following equations:

(1) "w", the unit weight of water, has been

* See Appendix B

(931
oy
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omitted since it appears in all terms.

(2) The assumptions are made that the cosines
of the invert slopes equal unity and that
the tangents and sines of the friction
slopes are equal.

.20 OPEN TRAPEZOIDAL CHANNEL

.2
Q-i
M, = —
I (b, + z,d) gd
2
Q,
M2 =

b— L U f—o] Fig. 319.20

2
(Q2 - QI)
= 8]
M3 cos O A39 {cos .6)
d|2
PI =————-(3bI + 2z d|)
.2
ds

’P2 == (3by + 2z, d2)
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bI + b2 (d2 - dl) (b| + 2b2)

3(b| + b2)

dl + d2 bI + b2
Py = 2 2 (d, - d

2t

Ay (zy dy + z, dy) + (b, + z, d,)dy - (b, *

L(Sl + 52)

4
(b, + Z,d,) q%]

water area at section 3

where A3

Ay Y + dI - dy S| & S2 = Friction Slope

.30 OPEN RECTANGULAR CHANNEL

M =
0,2
M, = ————
2
; (0, - 9,7
: M3 cos O = —K;g————- (cos 8)
b|d|2
P =
' 2
Q 2 do| F---1
Y 7 Y
T NS
L F—bz—ﬂ
o . 1 Flg. 319.30
Q) ' Qo
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319.40

2
. bady
2 - 5
b, + by (dy=d ;) (b +2b,)
P, =|——— v |4 +
[ 2 | 3 (b)+by)
d|+d2 (dz’dl)(d|+2d2)
Py = (by-b,) | d, +
4 l l 3 (d)+d,)
L(s|+sz) |
Pe = 7% (byd +b,d,)
.40 RECTANGULAR BOX UNDER PRESSURE
0,2
M, = ———
bOyg
0,2
M =
2 B
b,D,9
A 82
(Qy=0,) |
M, coés 6 = (cos 0)
3 A3 g
D,
Py = byDy |d, -—
D.
2
b, + b, (dy=d ) (b +2b,)
Pi = 7 2 (D, = DY) fdy + 3(b+b,)
HYDRAULIC
______T_u——”"WGRADE
T 1 T
D1 di b DI Dy  Fig. 319.40

_v_i\di_oﬁ /)Il:_:i\__i_
- =R
e , |
_QJ_JII 67:;2__22,.
O R 4
75 @
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‘ D 4D
Py = 7 (by=b) d +d, - .
L(sI + sz)
Pf = 4 (b|D|+szz),
{oncb+0r 23 |2
where s =l "936(bD) 5/3
.50 CIRCULAR CONDUIT UNDER PRESSURE, PIPE INLET
0,2 "
M, A =——
| ~25.2 0,2
2
Q,
M, =" 2
2 25,2 0D
2
(0,-0) 7
: . (cos 6)
Mg cos 8 25.2 D_2
3
0
_ 2 _
P, = .784 D (d/-—)
| ) Y.
P, = .784 D, (dz-—fE—)
P. =0
1
P =

.392 [(023 -0,% + 0,2 -9

W 2 |

‘Pf = .196 L(s

2

2 )

2
| + 52) (DI +.D

Qn ' 2
where s= :463 D873
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HYDRAULIC
— ————" 1GRADE

RS AN
—— '_‘iﬁ

o Fh-"L—_ﬂ ng.'3l9;50

03’X

.60 CIRCULAR CONDUIT FLOWING PARTIALLY FULL.
PIPE INLET

=
n
Py
/__\
ol.o
~————
N

(02 )2
M, = Kjf—
2
2 Dy
(Q, - Q)2
M : 8)
7 COS ] 5.2 032 (cos
- 3
PI CI D|
_ 3
Pa = C2 Dy
P =0
i
Ay
*P, = ArYoy = ALYy 5 (A2 + AI) +
2
(Ay)
—_— (T, - T))
|2 2 I
L(sl t s5)

£ (Ay)?

12 (Ty-T1) 28 usually small and may be neglected



Conveyance Structures : 319.70

Where Ay = Y + d, - d

For tabulated values of C and K, see Table
319.60. _See King "Handbook of Hydraulics",
for Al, y and T.

Ay
]
—7

O d

S

dp Dz A N
—'—"’S_-L /4
——

Figure 319.60

.70 LENGTH OF TRANSITION

in all of the above junctions the length of

the transition shall be a minimum of
b-3 ‘

| = — (a) or L =5 (b, - b,) (b)Y 319.70
sin © 2 |

whichever is greater.

.80 ANGLE OF CONFLUENCE

The angle of confluence 6 of side inlets shall
not be greater than 30° for the following cases:

.81 Lateral flow exceeds 10% of the main Iline
flow.

.82 Lateral flow velocities are 20 fps or
greater.

.83 Hydraulic analysis of the junction indicates
excessive losses in the main channel.

A confluence angle of 45° may be used if none
of the above conditions exist.
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A
NOMENCLATURE n
A = cross-sectional ares of vater prism .2 q —z“l
b = base width of channel section fe, i\
¢ @ constant - see Chart A .-
d = “wvertical depth of water fe. | ol
g = acceleration due to gravity {32.2) fpl.z Splitter Woll f a 4
h = differencé in invert elevation between any two sections ft. b .
£ = 1length of channel reach fe.
n = coefficient of roughness in'Manning's formula --
Pg = average vetted perimeter between two sections fe.
Py = wetted perimeter st middle section ft.
Q = rate of discharge cfa.
Rg = average hydraulic radius between two sections fe.
:F = hydraulic red{us at middle section fe. foine v
= radiue of curve to centerline fe. cxve. Minimum us o3

8. = critical slepe of channel fnvert - § i:g:"i'g;\i’)dnw freeboord
8 = channel iavert slope £
Vq = average velocity between two sections fps.
Va = velocity at middle section fps. . R'
8§ = gide slope of trapezoidal secttion (horizontal to L }, ,

vertical) . .-
@ = angle of merging channels deg. f\_ \__ f 4 |
of = jnvert llo%o sagle deg.
F = TFrouda number

i

rical subscripts refer to appropriate channel meabers.

crete )
= "\\Spli"!r wall hd
@, e ~N i
°
. : 4 S3
. L=
1. TRAPEZOIDAL CHANNELS ELEVATION !
¢ 3 2 z . | T §
C:::lﬂ' “‘:‘l Q;'.- cos u,#(? + l—:'-Xd: )uo'ar, - %AT cos of, + ::..;: cos of, cos O +(:—' +%de )eu'ct, -4 Agh - :T:+::;.
. P E 4 2
mu:l Hld:‘h % cos o 4 (.:_' + .'.';_' d3 )co.'q.- % cos O 4.% cos Oy cos @ 4-(.;‘_ + %)(af )co.'.u. + (h48d) 4b - ;!%
Note: Por flows st supercritical welocities these equaticns may be used only for prelimi-
nery design. Vinal design must be based on results of supplementsl hydraulic wodel studies.
2. RECTANGULAR CHANNELS
* b, dt bdh Qf q! 5 \ ? tatvt
C::::“' ‘"-::‘ QF’; conty + =t R oo ¥ ':T, cos oly cos @ + h':' + ":' cod’x, - 2‘2‘—.:"
- 3 2 . T 2 . s
v::‘:é;::: %‘; cos o + —b‘:, cos'er, - ——b‘:'h - :'A_. cos o, + % cos Oy cas @ +&z'h + h—';l—-ml'd. ¢“‘_;"_)(d: )ea-'ot, - :21:-1*;!:;
SPECIAL CASE
Limiting Criteris - Rectangular Chasnels
Suporcrluel}vdoctt’ Flow in All Branches. ©
Constant width @} bd Weh _Qf Qi b +b._d,'_r.!l.'v,' o FRElAEEILEEE i EEPE
Wain Chanael ", 2 2 A WA, 2 2 225 o = E
nequat wiaen . G Bd  Bdd Qb d bk be (b.-b-')(‘.)_ LA A
Main Chennel W, Tz, 1 w2z T 7 22105 o6
N : N . 3
Criteria =5 £S5
L3
task < 0.1
£4
‘Convergence angle © less than 10° §
reYL 1.2
Vai :
s T
hz 2
128 T, 508 2 s - " s
(5
- (2 ) b
Height of sidevall at (D = 1.2 d3 40.25 dcy |1 - 11, (Se, - ) . 1.:72—
Height of splitter wall
upstrean = d. . .
downstresa '-153 :::'. by (b1 +.by + b vhea by > b.
3 bs = 306, + b e by > by
Law, [bl-+ by - b,]
by (b) + by + By
b3 20.8 (b + b b, =223 2(:1 ) vhen by < by
Reference Ventura County Flood Control District Figure
ENGINEERING DESIGN STDS. DESIGN MANUAL

Far West States, United States

Dept. of Agriculture, Soil Con-

| 31990
servation Service,  Sept. 1958 JUNCTION ANALYSIS OF CHANNELS




Conveyance Structures 320.10

Catch basin connector pipes are generally
excluded from the confluence angle require-
ments unless the conditions stated in .71
through .73 exist.

320. OBSTRUCTIONS
.10 PIERS

Consideration of pier losses and effects of
same on open channel design is important not
only at bridge crossings, and splitter walls,
but also when an open channel discharges into
a length of multi-barreled box. It is especially
important when the flow is supercritical, and
when the flows could be transporting debris
which could impinge on the piers. The area of
the piers shall be increased to three feet for
the entire depth of flow to allow for bulking
due to debris in the stream.

Pier losses may be determined by the solution
of the pressure-momentum equation, with the
following assumptions:

a. The water surface is level across a section
normal to flow.

b. The velocity distribution is uniform.

c. Friction losses are compensated for by the
gravity component of the bottom slope.

d. Air entrainment is negligible.

The pressure-momentum equation at each of the
three longitudinal sections along centerline

of channel is:
: 02
Py - Pp + 9A2| (A, = Ap) Equation 1
QZ
1T P g (Ay = AQ) Equation ||
P
QZ
- +
37 P T g Equation 111
¥ |f Equation | & Il or Il & I'll are equated for solution by
trial, without the use of the table the term P, - P, and

|& A,"respectively.

A, - Ap in Equation |I! shall be replaced by P2 2
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Conveyance Structures 320.10

where

PI & P3 = Hydrostatic pressure in unobstructed

channel
Pp = Hydrostatic pressure of bridge piers
AI & A3 = Area of unobstructed channel
A2 = Area at Section 2
A = Area of bridge piers (Use 2/3 A_ for
P round nose piers P
Q = Discharge
g = Acceleratign of gravity - 32.2 feet

per second”.

The general equation for the pier analysis is:

PI-Pp+Q s (A = A) =P -P +
g A, P
2 2
Q = Py - pp ; &
g(AI - Ap) gA3
The values of Equations I, Il, and Il are

determined for various depths, both subcritical
and supercritical. A curve using hydrostatic
pressure plus momentum as the abscissa and depth
as the ordinate is plotfed for each equation as
shown in Figure 320.10(a).

A vertical line passed through the three curves
gives a solution of the general equation. This
vertical line must intersect a minimum of five
depth values, and preferably six, two values each
on the upper and lower portions of Curve | and
It1 and one or two values on Curve |Il. If only
one value is intersected on Curve |1, the flow

in Section 2 is criticat.

Since water surface profile computations will
determine either a flow depth at Section | or
Section 3, depending on the type of flow conditions,
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Conveyance Structures 320.20

the curves give a direct solution to the problem
because the vertical line must pass through

the known depth on either Curve | or Curve |11
as well as Curve Il. In the event that this
vertical line does not intersect Curve I, it

is an indication fThat the momentum plus pressure
of the known depth is too small fto pass the

flow past the obstruction, and a change in the
known or computed flow depth must be made. The
flow should then be, critical at Section 2,

since the critical depth is the depth at which
the sum of pressure and momentum is The minimum.

Curves presented in Figure 320.10(b) and (c) may
"be used as approximate solutions for Bridge Pier
Losses.

\
.Use Hydraulic Work Form Number 3 in Appendix B
for the solution of the pier losses.

.20 TRASH RACKS AND PROTECTIVE BARRIERS

The primary consideration for flow through

trash racks is the amount of head loss due to
the resistance of the rack. The nomograph
presented in Figure 320.20 shall be used in
determining the head loss through frash racks
when the velocity of flow downstream of trash
rack is known. For supercritical flow the down-
stream velocity may be determined by trial,
using an assumed loss through the trash rack.*

321. LOSSES DUE TO SUDDEN CHANGE IN AREA

Entrance and exit losses due to sudden change in area
shall be considered in addition to any transition
losses.

.10 CLOSED CONDUITS UNDER PRESSURE
Entrance losses for closed conduits flowing

under pressure shall be determined by the following
criteria:

Rounhded Entrance

v? |
heg = 0.2 (55 321.10(a)

* Por a more detailed and accurate approach see Page 6506
of Reference 4. :



10 (b)

» O
5 N
2 M
w
w
5 |
2 0
to|lw 2
2 o 3
o WDC
S Qe
 2lgEs
MMHU HEU
& s0
o2 b4
dA.&Mm
OMDUR
°_|Ex
cZlmZ
~ol, 8
2= |w
En|=0F
3w 4=9
CDN w
X>m
b= [
2 ja «
c QL o
D <
3 2
-
o
S¢
su4
(-3
©
D.wm..
L3 .
S23
3<%
HWD
dl_ﬂ
e.m_m
[N %
c @_
o L
- 2273
- -
o TE i
ot




pHt
J)
sumn (&)
. —
sk (®)
[T w
[- 4]
| 3
3
M EXL
2 iz
)
RERSY
AR ! - n
5 L2 o g
= w =
= » 0 2
: _ a |8,%
HY gas _ Lan.C
)
_ : 2|z Es
: 3 €t SlFw3
ssE T r AW W PMW
t : w2
. TsS|OEZ
e >0
: 2 _lxku
L Z2imZzx
(O] (1]
>2—-lwE
c N|=0
3w|gEE
3ol|=2 J
i) ) >
sIsEEsEs o O M,
: 5 |IE o
suay € a u
Q g <«
= 3]
3.
T H o
o L&
® O
=1 , ©
T i D.C.B
i .m,m -
e 24 5
siangshng WM =
i it
i L
s . £
oy [ - 3 st
I3 | S 2.
M bud mw a'o
ires © 5§38
it ‘S um.m s
- [ Y
.»o it K




1 -
-—
-1
.
4
K—]
1 ~
-
q
-
o
l N
4N
9 ©
=
180 ©
TR
A_FB T
L 2 ™3
1 <
— ES
w <
¥ ‘-65 ©
ﬁ -
1 £L
€ y— r
& 4
+=
L 60
3 5
D
X o
e &
- o
L | [
= 55 ©
2 A £
e c
® 2
b ©
[Vl
g t £
‘ [
S e
L
= ‘s
L Y]
Lo o
c
- <
"
<
)
$-

Pivot line |
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v
Pivot line 3

T to D, pivot | to V, pivot
2 to A, pivot 3 through B,
read H. :

Example:- T=1", D:6",
V=3 At:80° Bz 45°,
Read H:0.625"

BASIC FORMULA
Hs 132 (2X)* (sin A)(sec'ls' B)

H+ Head loss through trash rack in inches.

T= Thickness of trash rack bar in inches.

V= Water velocity below trash rack in feet per second.
A= Angle of inclination of rack with horizontal.

B= Angle of approach.

Ut
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Pivot line 2

D= Center tocenter spacing of trash rack bars in inches.
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Reference:

Reclamation Manual

U.S. Department Of Interior

Bureau Of Reclamation

Ventura County Flood Control District

DESIGN MANUAL

Figure

HEAD LOSS THROUGH TRASH RACKS

320.20
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322.

Square Entrance

h =05( )

e ' 321.10(b)
Exit losses shall be determined by the following
criteria:*
2
hg = 10 (33) 321,20
.20 OPEN CHANNELS
Energy losses due to sudden changes in area in
open channels shall be determined by the following
criteria:*
Contraction
2 2
h = .5 (V2 - Y )
c 29 2g
Expansion
2 2
- Va - Vo
hy |o(29 T )
.30 SUDDEN EXPANSION OR CONTRACTION IN PIPES
Sudden changes in pipe area without transition
shall be avoided when possible. However, if
used the criteria presented in Chapter 6 of
Reference 8 shall be applied.
ANGLE POINTS
Deflection angles up to 6° maybbe used in céosed
.conduits. Deflection angles greater than 6~ shall
not be used without the prior approva| from the
District.
Angle point loss shall be determined using the
following criteria:
V2
hapt. = Salpt. Czg7) 322,
where
KA bt = 0.02 for 6° deflection angle and varies

uniformly down to zero for 00,

* For additionmnal information see'Reference 8
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323. MANHOLES

Manholes shall be provided in all closed conduits and

their location shall be governed by the following

crifteria:

.10 If the design velocity is less than 10 feet per
second, manholes shall be spaced at approximately
400 feet.

.20 1f the design velocity is greater than |0 feet
per second, manholes shall be spaced at approxi-
mately 500 feet.

.30 Immediately downstream of all major changes in
grade of pipe conduit.

.40 Where there is a sudden change in size of conduit.

.50 At all junctions where the following conditions
exist:

.51 Two converging closed conduits of approx-
imately the same size.

.52 Whenever the diameter of side inlet is
one-half or greater than one-half of the
main line diameter or height.

.53 Whenever the flow from the side inlet is
greater than one-half of the main line
flow.

Special care shall be exercised not to locate

manholes in heavily traveled street inter-

sections.. However, when possible, manholes shall

be located in streets rather than in easements

where access to manholes is difficult to maintain.
324. FREEBOARD

Freeboard or additional wall height shall be added
above all water surfaces. '

.10

CLOSED CONDUITS

Pipe conduits shall be generally designed tfo
carry the design discharge at a depth equal or
less than 0.7 of the diameter, and shall be

" maintained at a minimum slope of 0.003 feet per

foot. Closed conduits may be designed as flowing
full and may be allowed to go under pressure if

by so doing, the number and size of grade changes
can be reduced. |f designed under pressure, fThe,
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hydraulic or pressure gradient shall not rise
above the ground surface or restrict the capacity
of inlets. District approval shall be obtained
for design of pipe under pressure.

Closed box conduits shall be designed as open
channels with the minimum of one foot of free-

board, with the exception of curved sections

where the freeboard shall be equal to the super-
elevation allowance, but shall not be less than

one foot, or the freeboard required for open channels.

.20 OPEN CHANNELS

Freeboard requirement for open channels shall
"be determined using the sum of the following:*

.21 Air Entrainment - AllbwanCe for air
entrainment shall be used with F > 2
and shall be determined from:
H = 0.15 d(F=-2) 324.21

+. .22 Flow in the Unstable Zone - For flow in the
unstable ﬁone defined as being in the range
of .7 < F4 < |.3, calculate height of wave
above the normal depth of flow. Allowance
for waves in unstable zone is equal to the
wave height: - ‘

H. = 0.25 d [l - II.I'(FZ-I)ZJ 324,22
2 c

.28 Superelevation - For curvilinear flow in
open channels in order to provide sufficient
wall height for the water surface transverse
slope due to centrifugal force, an allowance
shall be made for superelevation on both
sides of the channel.

Curves shall be designed in such a manner as
to Iimit superelevation to one foot above the
normal depth of flow or 10% of water surface
width, whichever is the least. Compound
curves shall be employed to reduce super-
elevation in accordance with the following
criteria:

a. Subcritical flow
. Rectangular Channels - For subcritical

flow F < 1, or for supercritical flow
F > 1, where a stable ftransverse slope

* See Hydraulic Work Form Number 2 in Appendix B
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has been attained by an upstream
easement curve, the allowance for
superelevation is determined by the
formuia:

3 - 7 Rg 324.23(a)

where

b = bottom width
V = velocity
R = radius of curve

32.2 fps2

g

2. Trapezoidal Channels

0, = v2 (b + 2 7d)
2 (gR - 22 V2 324.23(b)
where
Z = éofangen+ of bank stope
d = normal depth

b. Supercritical Flow
For supercritical flow F > |, in the
absence of an upstream easement curve
use the formula:

I. Rectangular Channels

o= 1.2 Vb
s = 1.2 g5 324.23(c)
2. Trapezoidal Channels |
y o VP b+ 2 zd) 324.23(d)
5 grR-2 7V

c¢. Compound Curve Criteria

The complete compound curve shall consist
of three sections; a central section with
radius R, and terminal easement curves

each with a radius R+, equal to fwice RC.
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The purpose of the easement curve is to
alter the cross slope of the water surface
in order to keep the water prism in constant

static equilibrium around the curve. The
minimum length, L' and the central angle
of 8 of the easement curve shall be computed
from:
I ep— |

tan B 324.23(e)

- T

6 = 324.23(F)

tan (RTr+an 3)

where

—
1}

top width of channel
B = sin _I( [f?fﬂ) = wave angle 82

RT = 2 RC = Radius of curvature of
easement curves '

RC = Radius of curvature of central
section

dm = Mean depth

The main central curve shall be a

circular curve with the radius Ré.
Superelevation Allowance

Allowance for .superelevation shall begin
at the B.C. of the easement curve with
no allowance, taper to full allowance

at the end of the easement curve, carry
full allowance to the end of the main
curve and taper to no superelevation

at the end of the upstream easement
curve. '

In the absence of easement curves, begin
with no superelevation allowance 5 L'
downstream of B.C. of curve taper to
ful!l allowance at point 3 L' downstream
of B.C., carry full allowance fo E.C. of
curve and taper to no allowance 2 L'
upstream of E.C.
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325.

%

/
.24 Residual Freebo&rd - A minimum freeboard
above the calculated water surface shall
be provided in accordance with the following

criteria:
a. Reinforced concrete lined channels
H-4 = 0.5'" + 0.1d 324.24(a)

b. Uniformly shaped unlined or revetted

channels
H4 = 1.0" + 0.2d 324.24(b)
c. Irregularly shaped revetted channels
H4,= f.0' + 0.4d 324.24(c)
GRADE CHANGES
Vertical curves shall be provided at all grade changes
of 2 percent or greater, in the channel profile. The
minimum radius of curvature of the vertical curve shall
"be determined from the following criteria, except that
the curve length shall not be less than 10 feet.
.10 CONCAVE CURVES*
2 .
_2d V
R = i) _ 325.10
where
R = radius of curvature, not less than (0 d
d = depth of flow
v = velocity
.20 CONVEX CURVES**
V2
R= —m 325.20
g cos ¢
where
¢ = slope angle of floor upstream of curves
g = 32.2 fps2
Reference

** Reference

N Sy

325.10
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341.

342.

340. SPILLWAYS

GENERAL

Spillways may be defined as structures used to
transfer water from one level to a lower level,
Spillways are provided for dams to release surplus
of flood water which cannot be contained in the
allotted storage space. Spillways are also provided
in natural or man-made channels to provide variation
in The flow conditions of a channel for the purpose
of providing physical characteristics beneficial to
best hydraulic performance. '

Selection of spillway type and its design is greatly
influenced by the location, function, size and overall
economy.

SPILLWAY COMPONENTS

The components of a spillway and common fypes of
spillways are described and discussed herein. Hydraulic
design criteria and procedures are covered in 344. and
345,

.10 CONTROL STRUCTURE

A major component of a spillway is the control
device, since it controls and |limits the flow.
The control structure may consist of a sill,

weir, orifice, tube, or pipe.
.20 DISCHARGE CHANNEL

Flow passing through the control structure
usually is conveyed to the stream bed below in

a discharge channel. Exceptions are where the
discharge falls free from an arch dam crest or
drop spillway. The conveyance structure may be
a channel on the downstream face of an earth fill
dam, an open channel excavated along the ground
surface, or a closed conduit placed through or
under the dam. '

.30 TERMINAL STRUCTURE

When spillway flows fall to downstream channel
level, the static head is converted to kinetic
energy. This energy manifests itself in the form



Spillways

.40

342.40

of high velocities, which if unimpeded resul+t
in serious erosion in the stream bed or damage
to the adjacent structure. Where serious
erosion to the stream bed is to be avoided, the
high energy of the flow must be dissipated
before the discharge is returned to the stream

channel.. This can be accomplished by the use
of an energy dissipating device, such as a
hydraulic jump basin, ‘a sill block apron, a

basin incorporating baffles and walls, or some
similar energy absorber or dissipator. A
description of energy dissipators and a discussion
of their hydraulic design is given in- 344, More
complete information is available in the references.

ENTRANCE AND OUTLET CHANNELS

Entrance channels serve to convey the flow to
the control structure. When the spillway is
located in a stream the approach channel or the
transition immediately upstream of the control
structure would be considered as the entrance
channel. Similarly, in earth dams the open .
channel conveying the flow from the reservoir 3 Ny
to the control structure would be considered
as the entrance channel.

Outlet channels convey the spillway flow from
the terminal structure to the channel down-
stream. The outlet channel dimensions and its
need for protection by lining or riprap will
depend on the influences and conditions of the
tailwater.

343, SPILLWAY TYPES

.10

.20

CHUTE (OPEN CHANNEL) SPILLWAYS

A spiliway whose discharge is conveyed through
an open channe! to the downstream level fis
called a chute spillway. Chute spillways are
primarily used with earth fill dams, however,
they may also be used as grade stabilization
structures. Factors influencing the selection
of chute spillways are the simplicity of their
design and construction, their adaptability fo
almost any foundation condition, and overall
economy.

FREE OVERFALL (STRAIGHT DROP) SPILLWAYS

A free overfall or straight drop (drop structure)
spillway is one in which the flow drops freely
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from the crest. This type of structure is not
adaptable for high drops and shall be limited

to hydraulic drops from head pool fto tailwater
of 20 feet. As discussed herein, drop spillways
are primarily intended to establish permanent
control elevations below which an eroding stream
cannot lower the channel floor, When placed at
intervals along a channel these structures. can
e used to change the profile from a steep
gradient to a series of stable reaches separated
by artificial falls. When used for this purpose
they are sometimes referred to as grade stabili-
zation structures.

.30 CONDUIT AND TUNNEL SPILLWAYS

Where a closed conduit is used to convey the
discharge around or under a dam, the spillway
is often called a tunnel or conduit spillway,
as appropriate. The closed conduit may take
the form of a vertical or inclined shaft or a
horizontal tunnel. Most forms of control
structures can be used with conduit and tunnel
spillways.

.40 DROP INLET (SHAFT OR MORNING GLORY) SPILLWAYS

A drop inlet or shaft spillway, as the name
implies, is one in which the water enters over
a horizontally positioned lip, drops through a
vertical or sloping shaft, and then flows to
the downstream channel through a horizontal or
near horizontal discharge conduit. Where the
inlet is funnel-shaped, this type of structure
is often called a "morning glory" or "glory
hole" spillway.

.50 OGEE SPILLWAYS

The ogee spillway has a control weir which is

ogee or S-shaped in profile. The upper curve

of the ogee ordinarily is made to conform closely
to the profile of the lower nappe of a ventilated
sheet falling from a sharp crested weir. An

ogee crest and apron may comprise an entire
spillway such as the overflow portion of a concrete
gravity dam, or the ogee crest may only be the
control structure for some other type of spillway.

344, CHUTE SPILLWAYS

.10 CONTROL

The control structure for a chute spillwayvshall
be designed as a broad-crested weir. When used
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344.10

in streams the upper end of the crest or sill
shall be the continuation of the stream invert,
The cross section of the control shall be
rectangular with rounded abutments to increase
the crest efficiency.

The capacity of the inlet control structure
without freeboard shall be determined by the
formula: '

0=ctH 2 | 344.10(a)
where
Q = discharge, cfs

C discharge coefficient = 2.80

L = effective length of crest, feet

He= total head on the crest, including velocity
of approach head 2
v

The ftotal head on the crest, Hy = d + ?;- shall
, | g
be determined at a point upstream meeting one or

all of the following criteria:

(a) Shall be 3d or more upstream from the
crest.

(b) Shall be upstream of any constrictions
of the approach channel.

(c) Flow is sub=-critical.

The effective length, L, shall be determined
from the following formula:

+ Kg) Hg 344.10(b)

= L' - 2 (NK
L 2 (NKy

where

L = effective length of crest, feet

L'= net length of crest, shall always be equal
or greater than 2d, feet
N = number of contractions

H = total head on the crest

8¢
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The average pier coefficients are as follows:

For square-nosed plers with rounded

corners

For round-nosed pilers

For pointed-nosed piers

The average abutment contraction coefficients

89 are as follows:

For square abutments with headwall
90° to direction of flow.

For rounded abutments with headwall
90° +o direction of fiow when

0.5 H_>r 2 0.

For rounded abutments where r > 0.5 He
and headwall is placed not more than
459 to direction of flow

where r = radius of abutment rounding

.20 DISCHARGE CHANNEL

pier contraction coefficient, and

abutment contraction coefficlent

344.20

.21 Flow - Discharge generally passes through the

critical stage in the spiliway control
and enters the discharge channel

structure
as supercritical

or shooting flow. The velocities and depths of

free surface flow in The channel
principle of Bernoulli's Theorem.

conform to the
As applied to

Figure 344.21(a) the theorem may be expressed

as follows:

The term Ah, includes all

*ohyp AN

344.21(a)

losses which occur in

AL, however, since in most channels changes are

made gradually, ordinary
to friction can be neglected, therefore:

A _ (Sl + 52) AL
hL = >

2
where s = Vo '
= |——7=
|.486r2/3

losses except those due

344.21(b)



Spillways

22
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Friction losses in chute channels may be
approximated from nomograph in Figure
344,21(b)

Figure 344.21(a)

I S| “9Y Gradient Ahy
. Ope ) . -
{ ho | °f Cradientag T—F
\I 1
I
Was. | ' hv2
d er
d ny Surface
v
—+ 1
B d d
Chann n2 2
z ¢l Grage
Y
AL

For determining depths of flow a value of

n of 0.018 shall be assumed in order tfo
account for air swell, wave action, etc.

For determining specific energies of flow
needed for designing the dissipating device,
a value of n of 0.008 shall be assumed.

Profile - The profile of discharge channel
is generally defined by straight reaches
joined by vertical curves. Sharp convex

and concave vertical curves shall be
avoided to prevent unsatisfactory flows in
the channel. Convex curves shall be flat

enough to maintain positive pressures and
thus avoid the tendency of separation of
flow from the floor. The curvature shall
approximate a shape defined by the equation:

%2
-y = x tan 6 # — 344 .,22(a)
[4 (d + h)) cos? o] '

(o]

R

€5}
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Hydraulic Design Of Stilling

DESIGN MANUAL

Basins And Energy Dissipators
Engineering Nomograph 25 , I964|

U.S. Department Of Interior
Bureau Of Reclamation

APPROXIMATE LOSSES IN CHUTES
FOR VARIOUS VALUES OF WATER
DROP .AND CHANNEL LENGTH

344.21(b)
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where:

1]

Yy vertical coordinate defining the channel

profile
x = horizontal coordinate defining the channel

6 = slope angle of floor upstream from the
curve

d = depth of flow, feet
h,= velocity head, feet

K = factor, shall be equal to or greater than
.5 to assure positive pressure.

Concave curves shall have a sufficiently long
radius of curvature to minimize the dynamic
forces on the floor brought about by the

centrifugal force which results from a change

in the direction of flow. An approximate
relationship is expressed by the equation:

2
-2qV 2d V
R = =3 or R = : 344 .22(b)
: P P
“where:
R =

minimum radius of curvature, feet
q = dischérge in cfs per fooT'of width
Vv = velocity, fps |
d = depth of flow, feet

p = normal dynamic pressure exerted on the
floor, pounds per square foot.

An assumed value of p = 100 will normally

produce an acceptable radius; however, in
no event shall the radius be less than 10d.

Convergence and Divergence - The best
hydraulic performance in a discharge channel
is obtained when the confining side walls
are parallel and the distribution of flow

.across the channel is maintained uniform.

If necessary, the covergence or divergence
shall be gradual and shall not exceed the
angular variation produced by the equation:

92
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| v
tan a = — 344.23
3F
where:
o = angular variation of the sidewall with

respect to the channel center line.

F = Froude Number based on average velocities
and depths at the beginning and the end
of the channel.

Channel Freeboard - The freeboard in the

discharge channel shall be determined from
the following relationship. -

Freeboard (in feet) = 2.0 + 0.025 v‘9 d

344.24-

.30 TERMINAL STRUCTURES

.81

Hydraulice Jump Basins - The hydraulic jump
basin is an effective device for dissipating
the energy of flow in a spillway and reducing
the exit velocity to a tranquil state. The
jump form and the flow characteristics can be
related to the kinetic flow factor y2

. gd _
of the discharge entering the basin; - to the
critical depth of flow, dc; or To the Froude

number parameter, YV . For good hydraulic

/ d
performance, the side walls of stilling
basins shall be vertical. '
The following expession.shall be used to

determine the freeboard in hydraulic jump
type stilling basins.

Freeboard in feet = 0.1 (v + dj). . 344,3]|

Relations between variables in hydraulic
jump for rectangular channels are shown in
Figure 344.31(a).

Stilling basin design suitable to provide
stilling action for various ranges of Froude
numbers are presented below.

(a) Froude numbers less than |.7

For Froude number of |.7 the conjugate
depth d2 is about twice the incoming.depfhp
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and the exit velocity is about half the
incoming velocity. No buffer or special
dissipating devices are needed, except the
apron length beyond the point where the depth
starts to change shall not be less than about
4d,.

2

(b)Y The USBR Basin |

Flow phenomena for basins where Froude
number for incoming flow is in the range of
Fl = .7 to F| = 2.5, flows are not attended

by active turbulence and are designated as
the pre-jump stage. The basin shall be
sufficiently long to contain the flow prism,
however, baffles or sills are not required.
Conjugate depths and basin lengths shown in
Figure 344.31(b) shall be used in design.

Figure 344.31(b) - Stilling basin characteristics
for Froude numbers between 1.7 and 2.5

) @

//—"_.____ Y - r -
//7 ‘j /: _— ¢ 14 T
§, % / - B2 -+ 51 :
‘-\ "\\? /(' / : 1, % - -
?ﬁhﬁk./.,ﬂ e B ‘T ‘
S i IR sy e
! LENGTH OF JUMP
* 1S
T @
Lad ‘% ] A o
A
u A & T
g . .r._r_|.._.l__
E % 4 g __| L...,._l._l._
) Z-- P ) L-l ]
e / > _r‘r“,_'r_l_ri—
o A g P17
s 5, G- -
y, BT:% I‘DF"-I)_ b4 L4 I_;_ L .L_L__
N EEE 2 NN T Ty
7 111 S, [ .
oo ry s 2 % 0 A [] . % w
FROUDE NUMBER FROUDE NUMBER .
RATIO OF TW DEPTH TO D LOSS OF ENERGY IN Jump

(c) The USBR Basin |l

Basins in which the Froude number value of
the incoming flow is higher than 4.5 a true
hydraulic jump will form. Basin Il shall be
used whenever Fl > 4.5 and the incoming

velocities exceed 50 fps, Figure 443,31 (c).
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(d) The USBR Basin 1]

This basin shalf be used whenever F, > 4.5

and incoming velocities are under 50 fps,
Figure 344.31(d)

(e) The USBR Basin |V

Flows in the range of Froude number Fl = 2.5
to 4.5 are designated as transition stage
flows, since a true hydraulic jump does not
fully develop. Criteria presented in Figure
344.31(e) shall be used in design.

(f) The St. Anthony Falls (SAF) Stilling

Basin
This basin shall be used on small structures
such as small spillways, outlet works, and
small channel structures intended to lower
the gradient or dissipate the energy where
the incoming Froude'number_F, = 1.7 to 17.

Through the addition of stilling basin
appurtenances the SAF basin has reduced the
length of a conventional hydraulic jump-type
stilling basin by approximately 80%. The
proportions of the SAF basins are shown in
Figure 344.31(f).

The design rules and data not shown in
Figure 344,31 (f) are as follows:

I. The floor blocks shall be placed down-
stream from the openings between the chute
blocks. :

2. Stilling basin side walls may be parallel
(as in a rectangular stilling basin) or

they may diverge as an extension of the tran-
sition side walls (as in a trapezoidal still-
ing basin).

3. The widths and spacings of the floor
blocks for diverging stilling basins shall
be increased in proportion to the increase
in stilling basin width at the floor block
location.

4. Wing walls shall be equal in height to
the stilling basin side walls. The top of
the wing walls shall have a slope of | to I.
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FOOTING
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DETAILS OF LAYOUT FOR FLOOR AND CHUTE BLOCKS

;«,{I:l_ "“‘qa B

AN

1. HEIGHT OF FLOOR AND CHUTE BLOCKS IS- 4,

|

[-]
L i S 2. WIDTH AND SPACING OF FLOOR AND CHUTE BLOCKS
) — W £ APPROXIMATELY 38
EEum) w _ .
i = o . & 3.NO FLOOR BLOCK SHOULD BE PLACED CLOSER TO
RECTANGULAR STILLING BASIN & " SIDEWALL THAN 34
(HALF-PLAN) € 4.FLOOR BLOCKS OCCUPY BETWEER 40 AND 55 PERCENT
—Cinrd . § OF STILLING BASIN WIDTH AT BLOCKS
T z_l-j_d?ﬁ—‘_ T ® 5 CHUTE BLOCKS TO BE STAGGERED WITH FLOOR BLOCKS
]
2L ! I s L 6. APORTION OF A CHUTE BLOCK OR A WHOLE CHUTE BLOCK
L|: = 1 Yo 2 MAY BE ADJACENT TO A SIDEWALL
&
Sl _ l L 7.SPACE BETWEEN SIDEWALL AND FIRST CHUTE ﬁocx
~ t REATER THAN APPROXIMATELY
= S NOT TO BE GREATE ELY 2
8. BLOCKS ARE TO BE SYMMETRICAL ABOUT STILLING BASIN
TRAPEZOIDAL STILLING CENTER LINE
BASIN (HALF - PLAN)
L
A e
SIDEWALL f“’—«;\\\: 3
- WALL:

CHUTE BLOCKS <5 - b
FLOOR OF BASIN FLOOR

SECTION ALONG CENTER LINE

DESIGN FORMULAS

DEFINITION OF SYMBOLS

. 3SF=300 £ * FROUDE'S uu_ntazf; (OIMENSIONLESS NUMBER)
L Fest v, » ENTRANCE VELOCITY OF WATER TO SAF STILLING BASIN — FT./SEC.
. s
T 4, » ENTRANCE DEPTH OF WATER TO SAF STILLING BAGIN — FEET
Lge LENGTH OF SAF STILLING BASIN—FEET
2. ged(-1+yBF+1) , _
2 ¥ *» HEIGHT OF SIDEWALLS OF SAF STILLING BASIN — FEET
3. det.ad 5 #'s HEIGHT OF TRANSVERSE END SILL OF SAF STILLING BASIN—FEET
die REQUIRED NEIGHT OF TAILWATER OVER SAF STILLING BASIN — FEET
4 Ly ‘-.5.? Gie SEQUENT DEPTH OF FLOW TO DEPTH & — FEET
4 g = ACCELERATION DUE TO GRAVITY — 32.16 FT./SEC?
S, = _‘g. +a : ¥, * WIDTH OF SAF STILLING BASIN AT DOWNSTREAM END OF CHUTE BLOCKS-FEET
We = WIDTH OF SAF STILLING BASIN AT UPSTREAM ENO OF FLOOR BLOCKS-FEET
6. 3:0.074 W, « WIDTH OF SAF STILLING BASIN AT DOWNSTREAM END — FEET
2 « DIVERGENCE OF SIDEWALL (RATIO)
T.  r23V%
Reference : Ventura %ogr;trel;‘looa Control District Figure
Chute Spillways ANUAL
Engineering Handbook Section 14 SAF STILLING BASIN 3443' (f )
Soil Conservation Service y :
HYDRAULIC DESIGN CRITERIA
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345.

DROP

.10

.20

345.10

.32 Bucket-type Energy Dissipator - Whenever
the stream bed Is composed of non-erodible
material, or whenever the tallwater depth
is too great for the formation of a hydraulic
Jump, bucket-type energy dissipators may be:
used. For additional information see Reference
I, 3 and 4.

SPILLWAYS

CONTROLS

The contro! for a drop spillway shall be -designed
as a broad crested weir to effect a fully suppressed
jet. The capacity of the control without freeboard
shall be determined using Equation 344.10(a). The
sides of the control shall be vertical .and shall
be arranged to allow for full side contraction,

in order to provide side space for the access of
air to the underside of the nappe. This contrac-
tion is effected by providing square abutment )
headwalls or by installing square-cornered vertical
offsets along the piers or headwalls opposlite the
crest. The effective length of the crest is then
determined according to Equation 344.10(b) with

Kp = Ky = 0.20. 1f'a 0.5 foot offset wall from -
pier face is used on each side in a single control

the value of 2 Kp He shall be replaced by 2'(;5)=J.0;:
STILLING BASIN | |

The dimensions for two types ofrsfilling'basiﬁs
as relafed.+02+he Froude number and the drop

number D = d 5> are presenfed in Figure 345;20.
. gy

.21 Impaet Block Type Basin - The dissipation of
energy in an impact block basin is principally
by turbulence induced by the impingement of the
incoming flow upon the impact block. Therefore,
the required tailwater depths are independent
of the drop height. The value of R
where q is the unit discharge. de = a '

g

.22 Hydraulic Jump Basin - In this type of basin

the energy is dissipated by a hydraulic jump.

The start of the jump, point X, will vary with -
the vertical drop distance, Y , and is influenced
by the under nappe pool depth, dp. Values of the

depth, d|, and the Froude number, Ei; at the



Spillways

345.20

start of the jump in relation to the drop
number, D, are shown in Figure 345,20.

These relations shall be used for determining
the basin dimensions. The basin design down-
stream from point X shall be governed by the
criteria for terminal structures for Chute
Spillways, Section 344.31

102
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350. DEBR!S DAMS AND BASINS

351. DEBRIS CAPACITY

.10

.20

.80

The debris basin shall, in general, be designed
for minimum debris capacity. The design capacity
shall represent |% times the amount of debris
from a 100 year storm in a burned watershed.
"Debris Production Curves", developed by the Los
Angeles County Flood Control District, and "A New
Method of Estimating Debris Storage Requirements
for Debris Basins", by Fred E. Tatum, U. S. Army
Engineers District, Los Angeles, may be used as
references in debris capacity studies. However,
due to possibility of unusual conditions which
may affect any individual watershed, specific
confirmation as to applicability of the data
shall be obtained from the District.

For basin capacity calculations, the theoretical
debris slope, fanning upstream from the spillway
crest, shall be assumed at 60% of the average slope
of the original stream bed for the total length

of the basin site. :

The bottom of the basin shall generally be estab-
| ished at the average slope of the original stream

bed. In the event of extensive excavation below
stream bed level, a well stabilized inlet structure
shall be provided fo prevent erosion of the stream

beds upstream of the basin.

352. SPILLWAYS

.10

.20

.30

LENGTH

The length of spillway crest and height of spillway
walls shall be designed to pass as far as the down-
stream toe of the dam, with freeboard as specified
below, the District's 100 year Q for a burned
watershed condition.

FREEBOARD

‘The minimum freeboard at spillway crest shall be
2 feet or equal to 25% of the head differential

from weir crest to the water surface in the basin,
whichever is greater.

HYDRAULICS OF SPILLWAYS
The hydraulics of the spillways and appurtenant

structures shall be performed in accordance with
the requirements of Section 340, "Spillways".
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353,

OUTLET WORKS

.10

.80

.30

.40

COMPONENT PARTS

The outlet works shall consist of an outlet
tower or riser, pipe conduit through the embank-
ment and an outlet consisting of a spilliway or
other satisfactory outlet structure. The pipe
conduit may outlet directly into the emergency
spillway channel if,conditions permit.

TOWER OR RISER

Generally, the tower shall be a rectangular or
circular structure.

.21 Circular concrete towers shall generally,be
avoided, due fto the difficulty of attaching
anti-vortex and safety collars to, and
providing ports for, precast pipes. In
addition, precast concrete pipe elbows
of the required dimensions to transmit flow
from the riser fo the outlet conduit are
not ordinarily manufactfured. Rectangular
cast-in-place structures with circular
‘interior may be used.

.22 Rectangular risers shall have an inside
cross-sectional area equal to at least |%
times that of the conduit to insure that
the outlet conduit will flow full under
design conditions.

OUTLET CONDUIT

.31 The outlet conduit shall consist of circular

or rectangular conduit. The outlet conduit
shall be connected to the tower with a
smooth transition.

HYDRAULICS

.41 Outlet works shall be designed in such a
manner as to prevent orifice control in the
riser or short-tube control in the outlet
conduit. The structure shall generally be

designed for weir control. For best hydraulic

functioning, the fower crest shall be at

least 5 conduit diameters above the flow line

of the conduit. Anti-vortex devices and
trash rack structures shall be provided on
the ftower when necessarv.

106
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Debris Dams and Basins

.42

The outlet conduit shall be on a slope
not less than 5% unless otherwise permitted
by the District.

The publication "Design Memorandum EWP-5",
U. S. Department of Agriculture, S. C. S.,
1959 provide excellent design information
and may be used as a guide.

363,40
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411.

410, ALLOWABLE STRESSES

HYDRAULIC STRUCTURES

Allowable concrete and reinforcing steel unit
stresses shall be as shown in Table 411. For

splices use a minimum of 30 bar diameters for
reinforcing steel in Tension zone, and 20 bar
diameters for reinforcing steel in compression

zone and other reinforcing steel, such as temperature
or shrinkage steel. Bars shall be extended a

minimum of |5 bar diameters beyond the point where
they are no longer needed to resist stresses, but

not less than the effective depth of the member.

Unless otherwise specified, all reinforced concrete
structures shall be designed for a 28-day compressive
strength of 3000 psi. Any deviation from the allow-
able stresses indicated herein shall be subject to
approval by the District.

All reinforcing steel shall comply with the require-
ments of the standard specifications,.

The maximum spacing of bars carrying calculated
stress shall be no more than three times the wall
or slab thickness nor more than I8 inches.



Allowable Stressés 411.00

Table 411.
" CONCRETE ALLOWABLE STRESS

For fé = 3000 Any Strength
Flexure, f
c
Extreme fiber in compression 1350 psi 0.45 fé

Extreme fiber in tension, in

plain concrete 90 psi 0.03 fé
Shear, v
113 Beams without web reinforcing 60 psi 0.02 fé
Reinforced concrete fooTings 75 psi 0.03 fé
Plain concrete footings 60 psi 0.02 £l
Beams with web reinforcing 180 psi 0.06 fé
Horizontal shear in shear keys 300 psi 0.10 fé
Bond, u
Top bars * 180 psi 0.06 fé
Two way footings (ex. Top'bars) 240 psi 0.08 fé
All others 300 psi 0.10 fé

Bearing, fc

On full area 750 psi 0.25 fé
On 1/3 area or less t125 psi 0.375 fé
REINFORCING STEEL UNIT STRESS
Tension - Flexural members and wéb reinforcing
' fy fs
Intermediate Grade (ASTM {5) 40,000 psi 20,000 psi
60 Ksj Yield Grade (ASTM 432) 60,000 psi 24,000 psi
Compression - combined flexure and axial stress 0.4 fy

* Top bars are horizontal bars having more than 12 inches of
concrete cast in the member below the bar.



420. RECTANGULAR OPEN CHANNELS

- 421. ECONOMY OF DESIGN

Consideration shall be given in each individual

project to the soil conditions, ground water level,
slope of adjacent ground and other factors that may
affect the overall economy of a project. Generally

whenever conditions permit, the ratio of height to
width shall be held within the range of 0.5 to 0.6.

In areas of projected ultimate commercial or
industrial development cons.ideration shall be given

to provide rigid "U" channels capable of accepting
cover. Economic conditions specified for box conduits
shall be considered applicable for such cases.

422. METHOD OF DESIGN

For ordinary conditions rectangular channels shall
be designed as rigid "U" channels. For wide channels

15 and whenever economic conditions indicate relative

' merit, "L"™ channels shall be used. "U" channel is
the designation used to describe a rectangular
channel designed as a rigid frame. "L" channel
consists of retaining walls with a nominal thickness
central invert connecting slab.

423, DESIGN LOADS

Horizontal and vertical loads used in the.design of
rectangular open channels shall be in accordance with
the following criteria:

.10 HORIZONTAL LOADS

Channel walls shall be designed to sustain the
lateral pressure from the outside and the inside
due to the dead load as well as live loads which

transmit lateral pressure on the walls.

.11 Dead Load - Channel walls |3 feet or less
in height shall be designed for an equiv-
alent fluid pressure of 62.5 psf applied
on the earth face of the wall, except when
the earth load due to the sloping surcharge.
exceeds this, or where the wall is adjacent
to or within a street or highway easement.
The lateral earth pressure due to sloping



Rectangular Open Channels 423.10

surcharge shall be based on soil data. Charts
presented in Figure 423.11(a) may be used for
estimating surcharge due to sloping backfill.*

Proper consideration shall also be given

to increased pressure due to structures

and other loads which produce a uniformly
distributed surcharge. 1In This case the
uniform load may be converted inftfo an equiv-
alent depth of earth and the wall shall be
designed as though the top of the earth was
the equivalent depth above the actual surface.

For wall heights greater than 13 feef,ia
careful sftudy of the soil types, excavation

and backfill conditions, ground water levels,
subdrainage systems, topography and other
pertinent items shall be performed to determine

the design foading.

Channel walls regardless of height shall also

be designed for 40 psf. equivalent fluid

pressure applied on the waterside to top of

wall. This assumes active resistance from 11t
soil outside the walls or allows an increase

in stresses for infrequent overloading of

approximately 150 percent of allowable

stresses based on full hydrostatic pressure;

should active pressure not exist.

Moment and shear curves for 62.5 psf. and
40 psf. equivalent fluid pressure are presented
in Figure 423.11(b).

.12 Live Loads - Channel walls regardless of
height adjacent fo or within street or high-
way easements shall be designed for a loading

of 30 psf. equivalent fluid pressure combined
with the lateral pressure produced by one
HS20-44 truck. The lateral load shall be
computed on the basis of the distance measured
from the centerline of the wheel to the outer
edge of the wall, determined from the best
available information as fo the location of
the right of way, sidewalk width, etc.*

Walls over |3 feet in height adjacent to
maintenance access roads shall be designed for
lateral loading of 30 psf. equivalent fluid
pressure combined with the loads produced

by one HSI15-44 Fruck with wheels 2 feet

from the wall, measured from centerline of
wheel to outer edge of wall.

* The lateral load computed in this manner shall not be less
than that using E.F.P. of 62.5 psf.
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TYPES OF BACKFILL

Clecn sand or grovels

Coarse groined 30il of low permeabilily
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grandor materiols with conspicuwous clay conkent
Soft clay, organic silt, or silly elays.
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way that o negligible amount? of water enters
the volds.
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Reference _ Ventura County Flood Control District

ENGINEERING DESIGN STDS. DESIGN MANUAL
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servation Service, 'Sept. 1958 | SURCHARGE DUE TO SLOPING BACKFILL
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Rectangular Open Channels 4238.20

Curves showing the moments and shears produced
by 30 psf. equivalent fluid pressure and HI5
and H20 ftruck loads on rectangular open channel
walls are presented in Figures 423.12(a) and
423.12(b).

.13 Stability and Sliding - Channel sections
subject to differential lateral loads shall
be checked for stability, soil reaction and
sliding. In "L" channels the central invert
slab shall ‘also be checked for buckling forces
transmitted by the walls. The thrust delivered
to the central invert slab shall be the total
horizontal force minus the product of the
effective vertical force and the coefficient
of sliding friction. The factor of safety
against sliding shall be |.5. '
121 : S
.14 Open Channel Designed for Future Cover -
Open channels may be designed to receive
future cover as directed by the District.
Channel designed for future cover shall be
analysed as rigid frames as prescribed in
430, "Box Conduits™, and at the same time
shall meet all requirements of open channels
as indicated herein. '

.20 VERTICAL LOADS

.21 Soil Pressure - Soil pressure on rectangular
channels shall be computed considering the
invert slab as a slab on an elastic founda-
tion. See "Beams on Elastic Foundations" by
M. Hetenyi, University of Michigan Press,
Ann Arbor Michigan, 1946. Curves showing
soil pressure and moments in "U" channels,
are shown in Figure 423.21(a) through (h).
When the width of channel is less than the
minimum values shown on the curves, uniform
soil pressure shall be assumed. Typical
channel section, nomenclature and formulas
used in the derivation of the curves are.
presented in Appendix C.

.22 Uplift Pressure - See discussion of methods
of design for ground water forces under
Section 470, "Subdrain Systems".
424, STRUCTURAL SECTION
.10 THICKNESS OF MEMBERS

Channel walls with one curtain of reinforcing
steel shall be a minimum of 6 inches thick.



Rectangular Open Channels 424.20

|

.20

.30

.40

Walls with two curtains of reinforcing shall
have a minimum thickness of 8 inches.

Invert siab of "U"™ and "L" channels shall

have a minimum thickness exceeding the wall
thickness by | inch. Thickness of the invert
slabs shall be measured at the wall. Central
invert connecting slabs for "L" channels shall
be no less than 6 inches thick. The invert
slab thickness for "U"™ channels may be constant
or sloping to the center, as long as the necessary
minimum thickness is provided at the center.
A.heel a minimum of 6 inches in iength shall be
provided at the base of open channel walls.

LONGITUDINAL REINFORCEMENT

Longitudinal steel area shall be 0.001 times
the gross concrete area but not less than #4
bars at 18 inch centers, and shall be discon-

tTinued at the construction joints.
STEEL CLEARANCE

Steel clearance shall be shown on project
drawings from the edge of the bar to the face
of the concrete. Said clearance shall not be
less than that specified below:

Side walls,inside and outside faces -~ |% inches
Top of invert slab - 2 inches for velocities
less than 15 fps.
2% inches for velocities
of 15 fps or greater.
Bottom of invert slab - 3 inches.
When concrete is subject to the action of sea
water, harmful ground water, eftc., an additional

cover of % inch shall be provided on the inside.

Structures subject to harmful industrial wastes

may require the use of special cement in the concrete.

TRANSVERSE SLOPE OF INVERT SLAB

The foIIowing criteria shall be used to determine
the drop in the invert slab from the walil to the
center of the channel.

b =0'" - |0 flat
b = 11" - 20! drop = 2"
b = 21" or greater drop = 3"

122
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Rectangular Open Channels 425.10

The earth face of the floor slab shall be sloped
to provide the required thickness at the inside
face of the wall and at the center of the slab.

425, CONSTRUCTION JOINTS

Construction joint details shall be shown on project
drawings.

.10 LONGITUDINAL OONSTRUCTION JOINTS

.11 Wall Joint - Longitudinal wall joints
shall be optional roughened or keyed
joints, and shall be located 0 to 8 inches
above the top of the invert slab, at
contractor's option. However, the longi-
tudinal wall joints located at the base of

: the wall shall always be formed.

131

' .12 Floor Joints - Longitudinal floor joints
shall be formed with keys | inch deep and
one-third of the slab thickness in width
centered in the invert slab. The central
invert connecting slabs shall be dowelled
to wall bases with a minimum of #4 at 12
inches by 4 foot dowels. |f the channel
is subject to the action of sea water, the
Jjoints shall be sealed with epoxy.

.20 TRANSVERSE CONSTRUCTION JOINTS

Transverse construction joints shall be provided
in the walls and floor of open channels. ,
Transverse joints in walls and slabs shall be in

the same plane, except where floor joints are

not required, as specified below. Where floor
joints are not specified, tooled contraction
joints shall be provided in the same plane as

the wall joint. Contraction joint shall be 3/8
inch wide and extend a minimum of | inch into

the stab. All transverse construction joints
shall be painted with a tack coat of asphalt
paint. Reinforcing steel shall not be continuous
through the construction joints. '

.21 Wall Joints - Vertical wall joints shall be
spaced at intervals not exceeding 50 feeft
and not less than 10 feet.

.22 Floor Joints - Transverse floor joints shall
be spaced at intervals not exceeding those
indicated below, and not less than 10 feet:

b =0" - 10! none
b = 11" - 20" spacing = 100!
b = 21'" or greater spacing = 50!



Rectangular Open Channels 426.10

426.

427.

SECURITY FENCING
.10 OPEN CHANNELS

Standard District security fences shall be

constructed along all rectangular open channels
and shall be located a minimum of 6 inches inside
the right of way line. Standard vehicular gates
shall be provided at all intersections of the
access road with public roads. Standard commercial
type driveways shall be provided wherever fthe
.infersection street is paved and has a curb and
gutter.

ACCESS

Normal channel design shall provide for an access

road at the level of the fop of the channel walls.
If a cut slope is provided between the access road
and channel wall, it shall be located 2 minimum of |
foot away from the outside edge of the wall. Cut
slopes shall have a maximum slope of 2:1.

The surface of the access road shall -be paved with

4 inch aggregate base, or 4 inch aggregate base and
oil penetration treatment, depending on the ability
of the soil to bear traffic in a saturated condition.
Prior to paving of the access road, the entire right
of way shall be ftreated with soil sterilants in
accordance with District requirements.

A minimum channel width of 8 feet shall be maintained
whenever economically feasible to allow for access in
the channel for maintenance purposes. Access ramps
shall be sloped down in the direction of the flow

and shall have a grade not exceeding 10%. The junction
of the access ramp to the channel shall consist of a
curved section with a minimum outside radius of 40
feet.

The need for access ramps shall be determined by the
District.

132
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431 .

432.

430. BOX CONDUITS

ECONOMY OF DESIGN

Careful economic studies shall be performed in the
preliminary engineering stage of a project to defermine
the need and justification for a box conduit, and the
benefit derived by substituting the box conduit for

an open channel.

.10 HEIGHT TO WIDTH RATIO

A curve, "Concrete Quantity Comparison Curve for
Box Conduit Section", Figure 431.10, is included
as an aid to determine the most economic ratio
of height to width, based on volume of concrete.
When topography and hydraulic conditions allow,
it will be attempted to use the most economical
section. ‘

.20 MAXIMUM SPAN

Where the clear span of box culverts exceeds 16
feet, a cost study should be initiated to determine
the advisability of using additional cell(s) with
shorter span.

METHOD OF DESIGN

Box conduits shall be designed for the dead weight of

the structure, and vertical and horizontal earth loads
together with the combination of live load and impact
that produce the greatestf stresses in the various parts
of the structure. See Figure 433.00 for standard loading
conditions.

Box conduits shall be designed as rigid frames. In
analysis where the members are assumed to be of constant
cross-section, the stiffness of the invert slab shall
be calculated using the thickness at the center of the
span. Where nominal haunches or fillets are used in
construction of the conduit, they shall be neglected in
all phases of the design, such as in calculating unit
shear, bond, area of steel and stiffness of members.

In large structures where structural considerations
indicate substantial haunches are required, they may be
considered in the design.

Where box conduits are of relatively short length, such
as are used for channel crossings, and the centerline

~of the roadway is not normal to the centerline of the



Box Conduits 433.10

433,

channel, a skew analysis shall be made.* The angle
of skew is defined as the angle between a line
perpendicular to the roadway centerline and a line

parallel to the supporting walls,

Edge beams shall be provided at the termination

of all cast-in-place box conduits.

Where a large portion of a structure is poured at
one time, consideration should be given to utili-

zation of details that will prevent shrinkage
stresses. The effects of shrinkage may be greatly
reduced by leaving a small portion at the center

span for a later pour.,

Where the structure is subject to unbalanced lateral
load, a sideway analysis shall be required.

DESIGN LOADS

Loads used in the design of box conduits shall be
in accordance with the following criteria. Refer
to Figure 433.00.

.10 HORIZONTAL LOADS

.11 Dead Load - Box conduits shall be designed
for active horizontal earth pressure of
36 psf equivalent fluid pressure. For
extreme conditions of saturation, or when
soils tests indicate considerable variation,
the lateral earth pressure shall be computed
in accordance with acceptable methods.
Horizontal loads due to existing sfructures
shall be considered in the design of box
conduits, however, no provision shall be
allowed for support of future structures,
such as buildings, abutments, footings, etc.
without prior approval by the District.

.12 Live Load - Up to 8 feet of cover, a minimum
live load surcharge of two feet distributed
uniformly on the earth surface over and
adjacent to the conduit shall be used in
determining the lateral loading due to live
loads, except when located adjacent to the
railroads, in which case railroad loading
shall be used. The 8 feet of cover does
not apply to railroad loading.

.20 VERTICAL LOADS

.21 Dead Load - Vertical dead load shall consist
of the weight of part of the structure
considered, any other structure exerting a
vertical load and the weight of the over-
burden soil. Unit weight of concrete shall

* Reference 18

134 7



. T T = T T 11 Ty cun
- = £y rJ|.H H 3 ¥ TP ING Y X IxAdy snu
) MREERES cENRRND RERIELE i
_L“ : It 1 dl * rl.,...lA i T
-3 F = M, T ] TT r
-+ % . Fi] L LE & W4
o ] HEE T i
& 11 [ . »xd
& ﬁll I
o 5 - H
41t q [ h N |m.|| b [ |
- - —-=t - -
: _‘ S i SEEEd
; HEH abruOrrHI A s : B
- - - g g1 1 :
g3 A . 5 m. +-
- " « h > 1
f ; . I T Anry
R s 1 PN -1 il
1 X o ' F 7 INRou| m
283 . T an 1] % P N
"N e IS B sl
o AF 2 :
- ~1 1 a
HH 1] 4 lu—ﬂ_
PEESNAERS BN i - 2 E H 0 vh 4 4
+ N am g L] 3
- . 1| T .m....,.: -
{4 4 ST
1 43 +
" 13 B A0 iy e ; e 3 X
N 2% ¥
i ; +- ~zal » {
= - - r . "t Tk
an 2 3 : 3 } 1 - .ux.
: 1L - .
7 S t4+] b can . 3
T F r A BB
o 2 ) 3-+4-F w 2
= - 1T
o 1 " T
. + - [EB 2 anxEyw 7
»oE 0
3 1 1 o 1 4
-+ [ -5 r ] 5
4 . & 1)
SR " 2
ZAE B YT
I- 2 o 15111 1 - w
R 1 i ] 82
ot
o8 K 7 ERRED 14
. -
+ AL 4
25 I N ¥l
aD &M
u Tidt-1 v
v " !
@ L [ | }
- - 43 - -+ 1]
I ] - T W [ -+ $t 1 3 y
t FHH 3 R R
- I ¢ ] © *1.4l
Tk ] panEn wid 18 4 TE:
+ + T 3 TT
¥ i i T t
a5 el H TER
g T H
: -t agusy . T
n na S - ¥
W R, - el ) \ (LT
- e
an 4 -t b4t = + K
+ -+ o B R BE b Jﬂ ﬁ L LL. m.r i
n | ] } I3 - I - it a n
rE] o T Y ) e T4
I i EEsieiasaicttes _ i
EAmALE B TR Waiie sk yENNYAARNE " T ay Swni
-y ] . X Hi G Y v s -
£ : ARihs s . ; A ! H - 4
0 i ] L
> 1IL..J1 S aF ol A E + = 2
BN EEERN i - HhA - 4 T
HH ; o | subyunniys H T 13
- I ignasal <04 - TG FaORRREEE O [RE ppme e ¥
¥ i 3 Hils in T I RRERRAR. i i - Il i 7

126

124

s

16

"4

WAONNNIW

40

102

1N30¥3d

100

18

12 14 .

10

RATIO.

H/b

Figure:

43|.|o

Ventura County Fiood Controlr District

MANUAL
CONCRETE QUANTITY COMPARISON CURVE

DESIGN

FOR BOX CONDUIT SECTION

Reference:




[ Live Load | fCive Load]
Pavement + Backfill Pavement + Backfl
Top Slab Top Slab
1 : @
1 i 2
l 5
£ - £ i £\ |l
§ 5 ; | L
il R W | S8l
2E\ 2|8 2 | Al
| *r [42] 2
= 62.5p.s.f. =@ || } -
Side Walls Side Walls
Top Slab Top Slab.
Pavement + Backfill Pavement + Back{lll
Live Load Live Load
CASE [ CASETT
Max.(+) Moment, Top And Bottom Slabs Max.(-) Moment Corners
Max.{-) Moment, Side Walls Max. Shears

Pavement + Bockfili
“Top Slab
@ 1 ©
o i E
2 2
| g
ZINES | | @
Bl |5 | 5|13
o jwW | wiilg
2| |3 | AIH
Side Walis
Top Slab
Pavement +Backfill
CASE I
Max.(+) Moment, Side Walls
Refarence : Ventura County Flood Control District . Figure

Structural Design Manual
Los Angeles County Flood
Control Dist.

DESIGN MANUAL

STANDARD. LOADING cONDITIONs | 433.00
FOR BOX CONDUITS o |




'
CA

=)

Box Conduits

.22

4338.20

be 150 pcf. 120 pcf shall be used for the

weight of the overburden soil, in accordance
with A.A.S.H.0. 1.2.2."

The weight of the earth shall be faken at
70% of the actual weight, in accordance
with ALA.S.H.O0. 1.2.2.(A).

Live Load - Except where passing beneath
railroad fracks, public roads and access
roads to commercial or .industrual sites,

box conduits shall be designed for HSI|5-14
truck loading in accordance with the require-
ments of the Standard Specifications for
Highway Bridges, A.A.5.H.O.

/Box‘conduifs consftructed under exishing or

proposed public roads shall be designed for
HS20-44 truck per lane.

Box conduitfs passing under railroads shall be
designed in accordance with A.R.E.A. specifi-
cations and the particular railroad. Cooper
Loading E72 shall be used for all Southern
Pacific Railroad crossings. :

Vertical live loads shall be distributed in
the box conduit in accordance with the following
criteria:

a. Top Slab - Where the earth cover is [|'-II"
or less, the wheel load per foot width of
slab shall be disftfributed over a width
E=4+.06S, regardless of whether the main
reinforcing is parallel or perpendicular to
traffic, see A.A.S.H.O. 1.3.2. The bending
moment shall be computed using the concen-
trated load as computed from above. Where
the depth of fill is over 2 feet, but not
greater than 8 feet or the span length,
concentrated loads shall be considered as
uniformly distributed over a square, the
sides of which are equal to [.75F, in
accordance with A.A.S.H.0. 1.3.3. In the
above equations

S = Effective Span Length
F = Depth of Fill
Impact shall be provided in accordance with

A.A.S.H.O. 1.2.12.

b. Bottom Slab - Wheel l|loads on the bottom slab
shall be distributed uniformly in the longi-
tfudinal direction over a length, 1.75F + H,
but not less than the distribution width on

the top slab. H is height of box from invert

at base of wall to soffift.



Box Conduits 433.30

In the transverse direction, the wheel

loads shall be distributed over the outside
width of the box conduit, BC, when Bo21.75F.
However, when B.<Il.75F, only that portion of
the distributed load that falls within the
limits of B, at the top of the box shall be
distributed in the bottom slab. Impact due
to live load shall not be distributed to the
bottom slab.

For all loading conditions whether main
reinforcing is parallel or perpendicular to
traffic, consideration shall be given Tfo

overlap of the distributed loads in both the
top and bottom slabs, as specified in A.A.5.H.O.
[.3.3.

.30 INTERNAL WATER PRESSURE

Internal water pressure shall be calculated for the

conduit flowing just full in combination with other

loading conditions at standard allowable unit stresses.
139 An additional structural analysis shall be made if

the hydraulic gradient is above the top of the conduif.

The analysis shall be made using the pressure due to

the hydraulic load from the soffit of the conduit

to the gradient in addition to other loadings,

assuming the conduit flowing just full. The

hydraulic gradient shall be assumed at the maximum

elevation possible.

.40 CONSTRUCTION LOADS

Structures shall be checked for loads sustained
during construction. Construction loads heavier
than legal load shall not be permitfed until

concrete has reached a strength of 3,000 psi and
structure has been strutted and cushioned as
directed by the District. "

434. STRUCTURAL SECTION
.10 STEEL CLEARANCE

Stee! clearance shall be shown on the project
drawings from the edge of the bar to fthe face of
the concrete. Said clearance shall not be less

than the following distances:

Top slab and side - I|% inches

walls, inside and

outside

Top of invert stab - 2 inches for velocifties

less than 15 fps

2% inches for velocities
of |5 fps or greater

Bottom of invert - 3 inches
slab



Box Conduits

.20

. 30

.40

.60

.60

434.20

Where concrete is subject to the action of sea
water, harmful ground water, etc., an additional
cover of % inch shall be provided.

Structures subject to harmful industrial wastes
may require the use of special cement.

LONGITUDINAL REINFORCEMENT

Longitudinal reinforcement shall consist of #4
bars at 18" o.c. in each face of slabs and walls
except when analysis of the box conduit indicates
otherwise, but shall not be less than #4 bars at
[8" o.c. Longitudinal reinforcement shall be
continuous through joints.

REINFORCEMENT PATTERN

In general, transverse reinforcement for single
barrel boxes should consist of straight bars in
the inner faces of the top and bottom slab and
side walls, L-bars running from the outer face
of the top slab into the outer face of the side
walls and resting on the bottom construction
joint and lapping with L-bars continuing into
the outer face of the bottom slab. Altfternate
tfop L-bars should be cut off if possible. An
optional lap may be used at the base of the
wall for the lapping of the L-bars. Bars shall
generally be spaced on a common spacing or a
mulftiple thereof, but nonuniform spacing may be
used if economy is thereby affected.

THICKNESS OF MEMBERS

The minimum thickness of vertical walls shall be
eight inches where two curtains of steel are used
and six inches where one curtain is used.

DISTRIBUTION REINFORCEMENT

Distribution reinforcement shall be placed in

" the bottom of all slabs in accordance with the

provisions of A.A.S.H.0. 1.3.2 (E).

FILLETS
Fillets shall be placed at the junction of vertical
walls and top slab. These fillets shall be a

minimum of 3/4 inches.

140



Box Conduits 434.70

.70

.80

TRANSVERSE SLOPE OF INVERT SLAB

A ftransverse slope shall be provided in all
single and multi-barrel box conduits. The
criteria presented in 424.40, "Transverse
Slope of Invert Slabs, Rectangular Open
Channels", shall be applied, using the
equivalent open channel width for single or
multi-barrel box conduit.

DESIGN TABLES FOR REINFORCED CONCRETE BOX
CONDUITS

Ventura County Standard Drawings, "Standard

Box Cufverts", may be used for design as long
as the loading conditions correspond to those
discussed herein above. The design is based

on A.A.S.H.0. "Standard Specifications", 1957,
for main reinforcing parallel to traffic and
shall not be used for other conditions without
a check. |f concrete thicknesses are increased
because of high velocity, sea water, etc., the

‘lengths of the reinforcing bars, and concrete

and steel quantities indicated in the tables
must also be correspondingly increased.

A structural detail of the box conduit shall
be shown on the project drawings, reference
to standards shall not be acceptable.

435, JOINTS

.10

CONSTRUCTION JOINTS

.11 Longitudinal - The bottom wall| joint shall

be located 0 to 8 inches, at the contractor's

option, above the top of the invert slab.
Longitudinal construction joints at the
bottom of the vertical exterior walls
shall be formed into keys I|% inches deep
and one third of the wall thickness in
width centered into the wall, unless a
starter wall is used, in which case the
joint shall be roughened. The longitudinal
construction joint at the top of walls
shall also be roughened. Longitudinal
construction joints at the top and bottom
of vertical interior walls of multi-
barrel box conduits shall be roughened
Joints without keys. |f the box conduit
is designed to withstand pressure load,
water stops shall be incorporated in the
construction joints, and a special joint
detail shall be required.

142



Box Conduits 436.00

.12 Transverse - Transverse construction joint
shall be located at all transitions, changes
in cross section, connection of old and new
construction, and end of pours. Longitudinal
reinforcing shall be continuous through the
transverse construction joints.

| f the box conduit is subject to the action

of sea water, the construction joints must

be sealed with epoxy. If the box conduit is
designed to withstand pressure head, water
stops shall be incorporated in the construction
Joints. Special longitudinal and transverse
construction joint details will be required.

: 436, ACCESS STRUCTURES
143
Access shafts or manholes shail be provided in box.
conduits at minimum intervals of 500 feet and at all
street crossings. Access shaft shall meet minimum
requirements of District Standards.

The District reserves the right to require vehicle
access structures to permit the entrance of vehicles
and/or equipment into box conduits where the conduit

is equal or greater than 8' x 7', The need for vehicle
access structures shall be determined by the District.

In multi-barrel boxes, windows should be placed in
interior walls to equalize flows; however the interval
shall not exceed 500 feef. Windows shall be 5 feet wide
and as deep as possible. '

437. PROTECTIVE BARRIERS

Provisions for installation of protective barriers af
entrance and exit to box conduits in residential and
developed areas shall be made in the design of box
conduits. The need for protective barriers shall be
determined by the District.

438. PIER EXTENSION WALL
Pier extension walls shall be provided for the center

wall at the inlet to muitiple box conduits. .The pier
extension shall have a height equal to the height of

the center wall, and shall slope to the channel slab
at 3:1 slope. -The minimum height of the pier extension
shall be | foot. Pier extension walls shall be designed

as an integral part of the invert slab.



440. REINFORCED CONCRETE PIPE

441, DESIGN OF REINFORCED CONCRETE PIPE 96 INCHES IN DIAMETER
AND UNDER*

.10 METHOD OF DESIGN

(Total Vert. Load per Lin. Ft.)(S.F.)

-11  D-load = (Internal Diameter) (Load Factor)

Safety Factor (S.F.) = 1.25

Load Factor depends upon bedding conditions
and upon whether conduit is in trench or
embankment, See Section 441.30,

Specific consideration shall be given to future
grade over the pipe when determining the total
vertical load.

Variation in D-Load shall be kept fo within a
reasonable [imit in any reach. Minimum length

145 ‘of pipe for any one D-Load shall be 100 feet.

.12 The D-Load specified shall be that which will
produce a 0.0l inch crack, and shall be shown
on the plans as D 01" h

D-Loads shall be specified on project drawings
as follows:

36 inch diameter and under - fto next highest
250 of calculated value.

39 to 60 inch diameter - to next highest 100
of calculated value.

63 inch diameter and over - to next highest
50 of caIculaTed value.

.13 The minimum D- Load speC|f|ed shall be 800-D,
except for:

a. Pipe conduits in State Highways where the
minimum value is [1350-D.

b. Pipe conduits supporting railroad loads
where the minimum value is 2000-D.

.14 Design Procedure - In each case a detailed
design shall be made for particular conditions.
In all cases consideration shall be given to

* Special design will be required for reinforced concrete pipe
over 96 inches in diameter. See Reference 3.
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the applicable live load and earth loads,

as specified herein. Selection of pipe
class based on cover, as provided in
references, will not be acceptabie. The

tabulated information may only be used as
a check, see Standard Drawing No. I|I.

Concrete Pipe Handbook* by American Concrete
Pipe Association or any other acceptable
publication may also be used in the design
of reinforced concrete pipes. Reinforced
concrete pipe shall meet the requirements

of A.S.T.M. Designation: C76.

.20 VERTICAL LOADS

Table 441.2|

*Reference 14

Live Load
a. Highway Loading

Pipe conduits shall be designed for one
HS20-44 truck per lane. The wheel loads

shall be distributed through the fill to

the top of the pipe as follows:

Transverse (with reference to fruck)
spread of wheels = 1.2 + 1.6F

Longitudinal (with reference to truck)
spread of wheels = 1.5 + [.5F

Where F = depth of fill over fop
of conduit in feet.

. Truck loads on pipe conduits for
covers of |0 feet and less are as
follows:

TABLE OF VERTICAL LIVE LOADS

Cover "F" Wheel Load L. L. Pressure

Feet Kips PSF
I 20.8 2480
2 19.2 970

"3 17.6 489
4 16.0 314
5 16.0 234
6 16.0 {82
7 16.0 {45
8 16.0 119
9 16.0 02
10 16.0 90

These values include the effect of
over-lapping wheel loads, and also
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the effect of impact: 30% for F=I ft.,
20% for F=2 ft., 10% for F=3 ft.

2, For covers exceeding |0 feet, the effect
of Truck loads shall be assumed to be
negligible.

b. Railroad Loading

Cooper Loading E72 shall be used for the
design of all conduits crossing the Southern
Pacific Railroad.

.22 FEarth Load

a. General

-Pipe shall generally be designed for the
applicable condifion of trench, negative
projection or positive projection, as
specified in Reference 14,

b. Design Value

The trench width By used in the design
"shall be indicated on the plans as the
maximum allowable width of trench. See

Standard Drawing No. || for maximum allowable
trench width,

Where pipe is laid in heavy clay-type soils,
higher unit soil weights and a smaller value
of sliding friction greatiy increase soil

loads. Saturation from flooded backfill or
ground water further increases loads. There-
fore, the design unit soil weight shall be

Increased where soil analysis and judgement¥
so indicate.

Pipe laid in sand having low cohesive values,
particularly dune or beach sand, shall be
~designed for the Positive Projection Condition
or Trench Condition, whichever gives the
greater D-Load value.

¢. Jacking Condition

The design unit weight of earth for jacked-in-
place pipe 96 inches in diameter or under shall
be 110 pcf, uniess soil investigation at

the site discloses material of a greater weight.

. Where the depth of cover is |5 feet or
less, it is considered that the prism
of soil above the pipe may be caused to
settle downward by traffic vibrations,



Reinforced Concrete Pipe

Table
441 .22

.30

*Reference 17
**Reference 14

.23

.24

LOAD

.31

441.30

climatic variations, etc. to such
an extent that the load on the
pipe will be essentially equal to
that for the Trench Condition,
except that the width factor, B
is assumed to be the outside
diameter of the pipe.

d)

2. Where the depth of cover exceeds
|5 feet, the effect of the live
load is negligible and the supporting
effect of the cohesion of the over-
burden soil as well as the soil
friction may be considered. For
this condition the following modifi-
cation to the formula for Trench \
Condition is used.*

_ 2
W = Cd.w Bd - ZCd.Bd c
Where Cd = Load Coefficient for
+rench conduit **
¢ = Cohesion of overburden

soil

RECOMMENDED VALUES OF :
COHESION (c) FOR VARIOUS SOILS

' Cohesion
Material Lb. per Sq. Ft.
Clay, very soft 40
Clay, medium 250
Clay, hard {,000
Sand, loose dry - 0
Sand, silty ‘ 100
Sand, dense 300
Top Soil, saturated 100

Other External Loads - Vertical loads

due to existing or proposed structures,
such as buildings, abutments, etc., shall
be considered in the design.

Critical Loading Condition - Pipe designs
based on the maximum amount of earth fill

plus live load are not always the critical
loading condition; the minimum amount of
fill plus live load may be the control.
FACTOR

Trench Condition and Negative Projection

Condition - Use load factors corresponding
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to desired bedding condition per Standard

Drawing |l1. The ordinary condition is
Type || bedding with consolidated fill to
90% relative density around pipe: Load
Factor = 1.9.

.32 Embankment or Positive Projection Condition-
Load factors shall be determined using the
following equation:

.43
t . =
Spangler's Formula: Lf N-xq
Where: L, = Load Factor
N = .707, Type || bedding, consol-
idated soil at 90% relative
density around pipe.
= ,505, where concrete cradie
" is used.

149 x = A factor which is a function of
the area of the vertical projection
of the pipe in which the active
lateral pressure of the fill
material acts. '
Projection Value
Ratio, p of x

0 0
- 0.3 0.217
0.5 0.423
0.7 0.549
0.9 0.655
1.0 0/638
q = The-ratio of the total lateral
pressure to the total vertical
load.

K F
e (5 * P
C C

Where: K = The ratio of active
lateral pressure to
vertical pressure in
Rankine's Formula.
May ordinarily be
taken as /3.

B = Qutside diameter of

c .

pipe. «
CC= Load Coefficient
p = The projection ratio

¥ Reference 14 § 17
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.40

.50

.70

.33 Jacking Condition - Assume Type || bedding
with load factor = |.9.

STEEL CLEARANCES

Ordinarily, it is not necessary fo call ouft
steel clearances on D-Load pipe. However,
where velocities exceed 20 fps, the concrete
cover on the inside face of the pipe must

be increased 1/2 inch. |f fthe pipe is
subject to the action of sea water or harmful
ground water, an additional 1/2 inch of cover
on the inside or outside face is required.
Pipes subject fto harmful industrial wastes
may require additional cover. These increases
are accumulative. The amount of additional
cover needed, and the locations of the pipes

affected shall be noted in the Special Provisions

Section of the detailed specifications, and

on the plans. Type of cement used may also be
specified. Harmful waste may require cement
type other fthan Type |l cement.

PIPE TO BE JACKED

The design of pipe to be jacked shall be based
on super-imposed loads and not upon loads

which may be placed upon the pipe as a result
of jacking operations. Any increase in pipe
strength required in order o withstand jacking
loads shall be the responsibility of the
contractor.

In general, the jacking of pipe conduits should
not be specified where the cover is less than
6' - 0"' .

RUBBER GASKET JOINT PIPE

Rubber gasket joint pipe should be used when:

I. The pipe conduit is under substantial
pressure head.

2. Pipe conduits, which outlet to pump sTafions,'

are placed in sandy soil and there is a
possibility of sand infilfrating into the
pipe through the joints.

\

3. There is a possibility of the pipe conduit
deflecting due to settlement, as in the
case of a future freeway fill being placed
over the pipe.

It is requested that the District be consulted
prior to the start of detailed design.
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452.

450. TRAPEZO!IDAL OPEN CHANNELS

GENERAL

The use of trapezoidal channels shall be discussed with
the District before detailed designs are started. Since
trapezoidal channels require considerably more right of
way, extensive maintenance, and cannot be readily covered,
the use of trapezoidal channels in Flood Control projects
is not favored. ’ '

REINFORCED CONCRETE TRAPEZOIDAL CHANNELS

.10

.20

METHOD OF DESIGN

All reinforced concrete trapezoidal channels shall
be lined with cast-in-place concrete and shall
consist of an invert slab, side slope lining and

a beam section at the top of the side slopes. Air
blown mortar is permitted only for warped transition
walls. A minimum acceptable channel section is shown
on Standard Drawing No. 12,

DESIGN LOADS

Horizontal and vertical loads used in the design
. of trapezoidal open channels shall be in accordance

with the following criteria:

.21 Horiaontal Loads - Channel walls shall be
designed to sustain the entire lateral pressure
in shear and 50% of the resultant moment at
the base of the side slopes. The lateral
pressure shall be computed on the vertical
projection of the side slope walls. The
lateral pressure shall include an equivalent
fluid pressure of not less than 40 psf, live
load and loads due to sloping surcharge.

Except when located adjacent to railroad tracks,
the live load shall consist of a minimum of 2

feet of surcharge distributed uniformly on the
grade adjacent to the side slope walls. Surcharge
due to railroad shall be determined using E72
loading applied adjacent to the walls. Surcharge
due fto sloping backfill may be computed from
Figure 423.11(a).

.82 Vertieal Loads - Soil and uplift pressures on
the invert sltab shall be computed considering
it as a slab with uniform load applied to it.

In designing the invert slab, consideration
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shall be given to the weight of the entire
structure, however, in computing the uplift
forces the weight of the invert slab alone
shall be used as a resisting force. See
Section 470, "Subdrain Systems".

.30 STRUCTURAL SECTION

See Standard Drawing No. |2 for typical section.

.31

.32

.33

. 34

Thickness of Members - Side sliope wall and
invert slab shall have a minimum tThickness
of 6 inches, measured normal to the face
of the concrete. For velocity in excess
of 25 fps, the thickness of the members
shall be increased to 7 inches.

Reinforecing - Reinforcing steel in side
slope walls and in the invert shall consist
of a minimum of #4 bars at |2 inch centers.
However, additional reinforcing shali be
provided as necessary by the design. A
minimum lap of 20 and 30 bar diameters
shall be provided in all splices, in
longitudinal and transverse reinforcing
steel respectively. However, the length

of the lap shall not be less than |2 inches.

Steel Clearance - Steel clearance shall be
shown on project drawings from the edge of
the bars to the face of the concrete.
Clearance on the earth side shall be a
minimum of 3 inches, and not less than 2
inches on the inside face.

Transverse Slope of Invert Slab - The
drop in the invert stab from the toe of
the side siope walls to the center of the

channel shall be based on the following
criteria:

b =0"'" - 10" Flat

b =11" - 20! Drop = 2"

b =21' or greater Drop = 3"

.40 JOINTS

.41

Longitudinal Joints- Longitudinal keyed
construction joints shall be provided at
the junction of the side slope walls and
the invert slab. The keyed joints shall
be |% inches deep for the entire thickness
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.60

of the side slope walls. Transverse steel
shall be continuqus through the construction
joints.

.42 Transversé Joints

a. Contraction Joints - Transverse contraction
joints shall be spaced at 20 foot intervals
in the side slope walls and the invert,.
Contraction joint shall be 3/8 inch wide
for 1/3 of the depth of the member.
Longitudinal reinforcing shall extend
through the transverse contraction joints.
The spacing of transverse contraction
joints may be reduced to eliminate
proximity to junction structures. Minimum
spacing shall be 10 feet.

b. Construction Joints - Transverse construc-
tion joints shall be in the same plane
in the wall and invert slabs. Longitudinal
steel shall be discontinued at the transverse

construction joint.
SUBDRAINAGE

Reinforced concrete trapezoidal channels are
inherently weak against uplift pressures, and
require careful investigation of ground water
conditions and the need for subdrains. See
Section 470, "Subdrain Systems", for discussion
of types of subdrains.

453, RIP RAP SLOPE PROTECTION FOR TRAPEZOIDAL CHANNELS

.10

GENERAL

Various methods of providing rock rip rap protection
on the side slopes of trapezoidal channels are in
use. However, the methods acceptable by the District
for use as temporary slope protection are (I)

dumped rock rip rap, (2) grouted rip rap and (3)
sacked concrete rip rap. The term rip rap as used
herein is defined as "a layer, facing or protective
mound of stones randomly placed to prevent erosion,
scour, or sloughing of a structure or embankment;
also the stone so used"*. The latter of the two
protective methods described above shall generally

be used for temporary protection at inlets and
outlets of permanently improved conveyance structures.
Dumped rip rap slope protection may be used as
ultimate improvement for fairly wide major channels
on a relatively flat grade. District approval shall
be obtained prior to use of rock rip rap ftrapezoidal

* Reference 16
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.20

channels for ultimate channels. The invert of rock

rip rapped ftrapezoidal channels shall be designed
in accordance with Section 314.10, "Permissible
Velocities, Unlined Channels". Typical rock

rip rap sections are shown on Standard Drawing
Number |3.

DUMPED ROCK RIP RAP

.21

.22

.23

General - Dumped rock rip rap is graded
stone dumped on a prepared siope in such
a manner that segregation will not take
place. Dumped rip rap shall generally be
placed on a filter blanket to form a well
graded mass with a minimum of voids.

Design - The resistance of dumped stone to
displacement by moving water depends wupon:

(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

(6) The velocity of the flowing water
against the stone

(7) The protection of toe and terminals
of the stone blanket

The toe and terminals of the bank protection
are particularly vulnerable to attack by the
current. Flow in curved reaches presents a
more severe form of attack than water flowing
in a straight reach and shall require heavier
protection. As a general rule, The slopes

of dumped rock rip rap shall not exceed 2
horizontal to | vertical, except in temporary
inlet and outlet structures where slope of

I% horizontal to | vertical may be used.

Size of Stone - The size of stone needed to
protect a side slope from erosion by a current
moving parallel to the embankment shall be
determined by the use of Figures 453.23(a)

and 453.23(b). Size (k) is the diameter,

in feet, of a spherical stone fthat would

have the same weight as fthe 50 percent size
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of stone. The size of stone shall be found
by a ftrial-and-error procedure which conS|sTs~
of first estimating a stone size.

The mean velocity (V) of fthe stream during
the design flood must then be converted to

velocity against the stone by use of Figure

453.23(a). The'ratio (%) of the equivalent

spherical diameter of the 50 percent stone
size to the depth of flow during the design
flood shall be 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 (Vé)

enter Figure 453.23(b) and read the stone

size for the embankment slope. The stone

size from Figure 453.23(b) 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. [|f the stone size from
Figure 453,23(b) agrees with the assumed stone
size, this is the correct size. |f not, the
procedure is repeated until the assumed size
is in reasonable agreement with the size from
Figure 453.23(b).

When the unit weight of the stone is other than
|65 pounds per cubic foot, the size from Figure
453.23(b) should be corrected.

102.5 k

“w T 7 - 62.5
" where
k = stone size from Figure 453.23(b)
k = stone size for stone of w pounds per

cubic feet

The size of stone required to resist displace-
ment from direct impingement of the current

as might occur with a sharp change in stream
alignment is greater than the value obtained
from Figure 453,23(b), a factor of.2 shall be
applied to the veIOC|Ty V before entering
Figure 453.23(b).
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FIGURE 453.23(a) - VELOCITY AGAINST STONE ON CHANNEL BOTTOM *

.24

* Reference 15

ADAPTED FROM HYDRAULIC CHART 712-%
HYDRAULIC DESIGN CRITERIA, CORPS OF
ENGINEERS., /
k = 50% stone size //
02 0.4 0.6 0.8

VELOCITY AGAINST STONE — F. P S. Vs

AVERAGE VELOCITY IN CHANNEL -F P.S. 'V

Extent of Rock Rip Rap - The upper vertical
[imit of the protective cover should extend
above design high water. The ailowance for
freeboard shall be determined as outlined
in Section 324.20.

Where the stream channel is composed of
sand or silt, bank protection should extend
a minimum vertical distance of 5 feet below
the stream bed on a continuous slope with
the embankment, Standard Drawing |3(a).

On the outside of curves or sharp bends,
scour is particularly severe, and the foe
of the bank protection shall be placed
deeper than in straight reaches. Where a
toe trench cannot be dug, the rip rap
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.26

blanket should ferminate in a stone toe at
the level of the stream bed (Standard Drawing
I3(b)). The toe provides material which will
fall into a scour hole and thus extend the
blanket. The stone blanket should be keyed
info a berm when a toe or toe ftrench is not
provided. The purpose of the toe protection
is to prevent undermining, not to support

the blanket. Unless the protection has
sufficient stahility fto support itself on the
embankment sliope, the protection cannot be
considered adequate.

The bank protection should extend both upstream
and downstream from the point of reverse curva-
ture on the outside of a curved channel. On

~a straight channel, bank protection should
‘begin and end at a stable feature in the bank 158

if practicable. Such features might be caep
outcroppings of erosion resistant materials, -
trees, vegetation, or other evidence of
stability. When a stable feature does noft
exist, cutoffs should be provided. If the
protective cover is long, intermediate cutoffs
might be required to reduce the hazard of
complete failure of the stone blanket.

Thickness and Gradation of Rock Rip Rap - The
thickness of the stone blanket should be at
least equal to the maximum size stone. Stone
used for dumped rock rip rap shall be hard,
durable, angular in shape; resistant to
weathering; free from overburden, spoil,
shale and organic material; and shall meet
the gradation requirements for the class
specified. Neither breadth nor thickness of
a single stone shall be . less than one-third
its length. Rounded stone or boulders shall
not be acceptable. The data in the Table
453.23 may be used as a guide in specifying
the gradation.

Table 453.23

Size of Percent of Total Weight
Stone Smaller fthan the Given Size
3k {00
2k 80
I k 50
0.1k not to exceed 10
Each load of rip rap shall be reasoﬁably well

graded from the smallest to the maximum size
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.26

specified.” Stones smaller than the specified
t0 percent size and spalls shall not be
permitted in an amount exceeding |0 percent

by weight of each load. See Standard Speci-

fications for detailed data.

Design of Filter Blanket - A filter blanket
shall usually be placed beneath the rip rap
cover to prevent the water from removing
bank material fthrough voids in the rip rap.
Removal of bank material leaves cavities
behind the rip rap cover and failure of the
cover might result, particularly if the

rip rap cover is rigid and cannot slump

to continue contact with the supporting
soil. Whether a filter blanket is needed
will depend upon the gradation of the bank
material and the openings or voids in the
rip rap cover. For dumped rip rap, a filter
ratio of 5 or less between layers will
usually result in a stable condition. The
filter ratio is defined as the ratio of the
I5 percent particle size (DIS) of the coarser

layer to the 85 percent particle size (Dg.)

of the finer layer. An additional requiréement.

for stability is that the ratio of the 15
percent particle size of the finer material
should exceed 5 but be less than 40. This
requirement can be stated thus:

DI5 (of rip rap) DI5 (of rip rap)

085 (of bank) <2< D85'(of bank) <40
lf 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
bianket, 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 filfer
requirements, the grain size curves for .

the various layers should be approximately
parallel to minimize the infiltration 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 filfer blanket ranges
from 6 inches to |5 inches for a single layer
blanket. Where the gradation curves of
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adjacent layers are approximately parallel,
thickness of the blanket layers should
approach the minimum. Thickness of indivi-
dual layers should be increased above the
minimum proportionately as the gradation
curve of the material comprising the layer
departs from a parallel pattern. See
Reference 15 for example of filter design
for dumped rock rip rap.

.30 GROUTED ROCK RIP RAP

.31

.32

General - Grouted rock rip rap is rip rap
with the interstices filled with portland
cement mortar. - Grouted rip rap shall not
be used for channel lining except when
stone of suitable size is not available.
Grouted rip rap may be used as temporary
protection at inlets and outlets fto convey-
ance structures. The need for groutfed rip
rap shall be determined by the particular
canditions. Grouted rip rap shall also be
used for all rock lined spillways and energy
dissipators regardless of the size of rock,

‘and shall extend along the side sliopes and

invert.

Design - Grouted rock rip rap is rigid and
has little strength, accordingly the embank-
ment protected must provide adequate support?
and the edges of the rip rap cover must be
protected from undermining at the toe and
the terminals. Weeép holes shall be provided
in the blanket to provide rapid relief of
any hydrostatic pressure behind the blanket,
wherever the length of the grouted rip rap’
exceeds 20 feet. Filter blanket shall be
provided for as required in dumped rip rap.

Stones for QrouTed rock rip shall, in general,

meet the requirements for dumped rip rap.
However, the size of gradation shall be
determined for each particular condition;
depending upon the stone available. Grouft
shall be placed on prepared and thoroughly

moistened stones and shall penetrate approx-
imately 80 percent of the thickness of the
blanket. The stone shall be brushed until

one-half to one-fourth of the surface stone

is exposed. See Standard Specifications.

The slope of grouted rock rip rap slope
protection shall not, in general, exceed
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1% horizontal to 1 vertical, except in
temporary inlet and ouflet structures
where a stope of | horizontal to |
vertical may be used.
.40 SACKED CONCRETE RIP RAP

.41 General - Sacked concrete rip rap generally
consists of two-thirds cubic foot of Class
C concrete in a burlap sack. Sacked rip
rap provides good protection, regardless of
the requirements of the site. This type of
protection shall be used only for temporary
short transitions, since the high costs

161 make it impractical for larger reaches.
.42 Design - Sacked rip rap has l|little flexi-

bitity and low tensile strength, and requires
firm support from the protected bank. Adequate
protection of terminals and ftoe is essential.
The toe shall extend a minimum of three feet
below the stream bed. 'Slopes of sacked rip

rap shall generally be no flatter than |%
horizontal to | vertical, and may be placed
vertical, as long as the siope protection

does not act as a retaining wall. This
type of slope protection shall generally be
provided with a filter blanket. Typical

section and detail of sacked concrete slope
protection is shown in Reference 15,



460. DEBR1S DAMS AND BASINS

461. BASIN DESIGN
.10 EXCAVATION OF BASIN

The excavation of basin side slopes shall be
guided by the nature of the ground. The cut
slopes shall be no steeper than recommended by
the soil engineer and supported by his report,
Consideration shall be given To safety require-
ments as may be specified by the State Division
of Industrial Safety and the Grading Ordinance.

.20 SECURITY FENCING

Adequate fencing enclosing the limits of the

debris basin shall be provided to discourage
163 unauthorized persons from entfering the area.
e Said fencing shall conform to District Standards.

.30 RIGHT OF WAY

For right of way and access requiremenfs, see
Section 132,56,

'462. EARTH DAM DESIGN
.10 PREPARATION OF FOUNDATION

.11 Preparatory to construction of the earth
dam, the ground shall be stripped of all
vegetation and other organic material. In
addition, any trash, debris, soft compressible
material or other objectionable material
unsuitable for support of the dam, whether
disclosed by the soil investigation or
discovered during stripping, shall be
excavated as directed by the soil engineer
and approved by the District's inspector.

.20 FACING SLOPES

.21 1In general, the District has found that
upstream and downstream slopes of 3:| of
debris dams are usually stable. However,
steeper slopes may be permitted provided
it can be demonstrated that such steeper
siopes are safe and adequate and are in
accordance with accepted design principles
for small dams.
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.30

.22

.23

The upstream siope of the dam shall be
treated to control erosion, as specified
under Section |24, paragraph .86, subpara-

graph p.

The downstream slope of the dam shall be
protected from erosion as specified in
Section 124., paragraph .86, subparagraph q.

CREST OF DAM

.81

.32

The crest of the dam shall be 20 feet wide
as measured parallel fto the center line of
the spillway and shall have a minimum slope

of 2% towards the spillway, from the spillway

walls To the abutment, unless otherwise

‘authorized by the District.

The crest of the dam shall be graded with a
"V" depression of 6 inches in the center,
and shall be provided with adequate cover
material and drainage to prevent erosion.

.40 ABUTMENTS

.60

.41

.42

-The horizontal length of the path of perco-

lation between embankment and abutments and
foundation shall be of such length as to be
consistent with limitations for percolation

‘and piping based upon existing local soil

conditions and type of embankment material
to be used. As a general rule, a minimum

path of percolation ratio of 8:1 is satis-
factory. (8 represents the level length
of path along the contact and | represents

the corresponding head differential between
the elevation of upstream end of path and
the maximum elevation of the reservoir

surface. This condition should be satis-

fied for any horizontal plane through the
embankment above the contact of bottom of
the basin and upstream slope of embankment.)

The re-entrant contact of two planes of fill,
or planes of compacted fill and natural
ground, shall be protected by means of paved

shalliow drainage gutters.

TRASH BARRIER

.01

Adequate frash barrier shall be provided
upstream of spillways in order to prevent
debris of such size as could originate in

164 9!
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the given watershed and result in clogging
the spillway and/or the conduit downstream
from the spillway. Particular attention in
this matter is required when the downstream
section is a closed conduit or a bridge
crossing. The type and the spacing of the
trash barrier should depend on the type of-
the potential debris.

.52 The barrier shall be designed to withstand
the pressure created by flow and overflow
of water considering the barrier [00%
plugged and acting as a sharp crested
, . submerged weir. The freeboard between crest

165 of dam and reservoir level upstream of the
trash barrier shall be at least equal to that
‘used to determine the height of spillway wall
at spillway crest.

463, SPILLWAYS -
.10 LOADING CONDITIONS AND -STRUCTURAL SECTIONS

.11 Spillway channel shall be designed in accor-
dance with the requirements of Sections 423
o and 424,

.12 Construction Joints

I. Transverse construction joints shall be
spaced at intervals of not more than 50
feet nor less than 10 feet. Shear keys
shall not be used for transverse construc-
tion joints and steel reinforcement shall
be continuous through the construction
Joints and lapped 20 bar diameters.
Transverse joints in walls and slabs
shal!l be in the same plane.

2. Concrete anchors shall be constructed
monolithically with the ftransverse floor
Joints. The anchors shall .be placed
within the limits of the spillway that
lies on the downstream slope. '

.13 Subdrains - The subdrain system for the spill-
way structfure shall consist of 6-inch perforated
pipes laid in trenches filled with drain material
and shall be designed to discharge through the
spillway walls above the theoretical maximum
water surface in the spillway. See Section 470,
"Subdrain Systems".
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464 .

- OUTLET WORKS

Consists of a reinforced concrete tower or a tower
of reinforced concrete pipe encased in reinforced
concrete, and reinforced concrete outlet conduit.

.10 OUTLET TOWER OR RISER

.11 The tower shall be a recTangulér reinforced
concrete structure with a minimum 6 inch
wall thickness and perforated with a series

of rectangular openings tapered to widen
towards the inner surface of the tower.

+12 The tower shall be of sufficient height to
-project at least one foot above the theo-
retical debris slope.

.13 The tower shall be located at the lowest
point of the debris basin grading and shall
be offset from the line of flow between the
inlet to the basin and the spillway.

.14 The tower shall have safety collars set a
maximum of nine feet apart vertically and
shall be accessible for maintenance by
means of a manhole. '

.20 OUTLET CONDUIT

.21 The reinforced concrete pipe shall be not
less than 36 inches in diameter encased in
reinforced concrete sufficliently reinforced
to prevent cracks and provided with cut-off
collars to eliminate piping along the pipe
encasement. '

.28 Rectangular reinforced concrete box conduits
may be used as conduits through the dam when
the dam is extremely high or the discharge
is great. :
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471 .

470. SUBDRAIN SYSTEMS

GENERAL

Subdrainage is an important feature in the design of

-reinforced concrete rectangular sections and l|ined

trapezoidal channels. Effective subdrainage increases
the bearing capacities of subgrades, decreases lateral
and upward external pressures, and thus allows the

use of lighter and more economic structures.

The nature and extent of the subdrain sysfem is
dependent upon the type of channel structure and upon
judgement and experience as to how much water will
have to be discharged in order to relieve unbearable
hydrostatic pressures. |f ground water levels are
above proposed invert grades, it will usually be
desirable to provide for more extensive subdrainage
than would be necessary in the case of "perched
water" or local infiltrations of surface water.

1A thorough investigation shall be made to establish

the maximum level of ground water that can be expected.

Generally, each project will require the exercise of
specific judgement and experience as to subdrainage
requirements. |t is requested that the Distfrict be
consulted before detailed design Is begun. Prints
detailing the various types of subdrain systems are
available from the District upon request.

.10 RIGID FRAME "U" SECTIONS

"y" Sections are designed and constructed to act
as rigid frames.

Any such section, not provided with subdrainage,
should at least have adequate weight and strength
to withstand hydrostatic forces- consistent with
the assumed maximum level of external ground
water. For this case, the structure should be
designed for the full floatation force. Often
times, sufficient weight can be obtained by an
extension of the wall heels. This is probably
the safest method which can be used. |In case

it proves to be uneconomical, then it may be

used in combination with subdrains. With a
subdrain system, uplift pressures may be reduced
to the extent considered as warranted by the type
and expected effectiveness of the subdrainage
system. The assumed ground water level shall
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.20

not be higher than two feet above the bottom
of the floor slab for channels without
subdrainage, or at the top of the outlets for
channels with a subdrain system.

The minimum subdrain system for "U" sections
shall consist of perforated asbestos cement
pipe line on each wall heel laid in drain
material. Where justified by conditions of
high ground water or poor drainage, blankets

of sand and gravel may be used for base slab
subgrade. The use of weepholes is not allowed.

"L" WALL SECTIONS

For special conditions, open channel sections
consisting of two "L" shaped cantilever
retaining walls with a central concrete invert
slab may be used. The invert slab has little
weight and must be well protected from uplift
pressures. Generally, "Heel Drains" and
"Manhole Subdrain Systems", discharged at
intervals into the channel, are used when

uplift conditions are not severe. 'Sometimes

the heel and floor slab drains are inter-
connected, and sometimes sand and grave!
blankets may be desirable, depending upon :
the severity of the uplift conditions. Vertical

~..cutoff walls shall be spaced along the channel

.30

.40

reach to localize damage to the invert slab.
BOX CONDUITS.

In general, where ground water is encountered
no subdrain system is required; however, the
effect of external pressure on the conduit
shall be investigated. |n cases where ground
water is excessively high or where foundation
conditions are unstable, it may be desirable
to drain the ground water intfo the conduit or
otherwise provide for relief. Weepholes shall
not be used in box conduits.

TRAPEZOIDAL SECTIONS

The invert slab and bank linings of trapezoidal
sections are incapable of resisting much hydro-
static head. Consequently, the subdrain system
must be so chosen as to assure that the upward
pressure will be less than the weight of the
invert slab.

For permanent structures, longiftudinal "Heel
Drains™, longitudinal and transverse floor
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slab drains should be so placed, and possibly
interconnected so as to reduce the hydro-
static heads to acceptable limits. The use of
filter blankets, or sand and gravel blankets is
a desirable method of equalizing pressure and
usually results in minimizing the number of
pipe drains required and results in a safer
structure.

472. TYPES OF SUBDRAINS
.10 HEEL DRAINS

Heel drains are longitudinal perforated pipe
lines, laid in drain material, on the wall heels
of rectangular sections, or .near the outer ends
! of the invert base in the case of trapezotdal
sections., The drains should be at the lowest
level consistent with discharging requirements,
since their purpose is to protect invert slabs

and other linings not designed to resist much
uplift. The four-inch or six~inch subdrain pipe
shall|l be asbestos cement pipe.

Generally, the‘drains are discharged by elbows
directly intfo the channel at specified intervals.
In other cases, the flow in the heel drain may
be diverted into lateral drains in the invert
subgrade, or a longitudinal invert drain. The
hee! drains should be .confinuous except that a
189 _ gap of about three feet should be provided,
unless otherwise directed, at about 200 feet
infervals.

Drain material shall consist of gravel or crushed
rock and shall be reasonably well graded within
the following limits, unless the gradation of native
or backfill material indicates otherwise.*
Percent by

Sieve Size Weight Passing

[-1/2 inch 100

3/4 inch 65 - 95

3/8 inch 20 - 55

No. 4 0 -5
The upstream end of each drain unit shatl be

connected to the channel and sealed with a
removable cap or flap gate. This opening will
be used to flush out the drain system during
maintenance.

* The 85 percent grain size of drain material shall be twice
the maximum size of perforations. See Reference 5.
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.20

.30

MANHOLE SUBDRAIN SYSTEMS

Manhole subdrain systems are longitudinal pipe,
lateral pipe, or a combination of the two laid
in gravel filled frenches or pervious blankets
in the channel floor subgrade and connected to
manholes outietting into the channel through

the walls. Details of manhole subdrain systems
may be obtained from the District. Where these
details are applicable, they shall be included
with The project drawings. Detailed information
on the design of the manhole subdrain systems

is presented in the publication entitied "Report
on Manhole Subdrainage System", U. S. Army
Engineering District, Los Angeles, July, 1957,

SAND AND GRAVEL BLANKETS

Sand and grave! blankets should be used for
either rectangular or trapezoidal sections,

where subsoil testing indicates that the excavated
subgrades will be wet and soft, or that subdrainage
requirements will be extensive for a considerable
period of time. In addition to "drying up" the

subgrade and improving its bearing capacity, the
blanket is considered as effective in filtering
out the colloids and transferring subgrade flows
o the main collector system.

- The blanket material, when used as backfill for

a rectangular section, or as subgrade for a bank
lining, should not be extended to ground surface.
I+ is preferable that fthe upper two or three

feet of soil be less pervious in order to minimize
the infiltration of surface water.

The sand and gravel blanket material is composed
of a well blended mixture of sand, No. 2 aggregate
and No. 3 aggregate in approximately equal
proportions by volume. The blanket should be
subjected to moderate rolling.

The need for sand and gravel blankets shall be
determined by the Soil Engineer.
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GENERAL NOTES

Elevations shown are in feet above the U.S5.C. & G.S.
mean sea level datum of 1929.

Stations shown on drawings are along center line of
structure.

Stations and invert elevations of pipe Inlets shown on
the profiles are at the inside face of the structure,
unless otherwise shown.

Utility facilities are shown as belleved to exist at

time of survey. Facilities may have been omitted,
misplaced and/or relocated. Contractors shall protect

all utilities per Section 5 of the Standard Specifications,
whether shown on the plans or not.

Unless otherwise noted, existing utilities in the right
of way shall be relocated by the respective owners, but
the contractor shall be responsible for arranging and
scheduling the relocation operations to conform to his
construction schedule. ‘

Soil tests borings for this project were made / /
Subsurface soil investigation results are furnished
for information only in accordance with Section 2-7
of Standard Specifications, and no warranty is made
therefore.

E.G.L. & H.G.L. are shown for future reference by the
District only.

Numbers in circles indicate items under which payment
will be made.

Trees designated by the Symbol * will be removed by the
Contractor. '
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HYDRAULIC ANALYStS OF JUNCTIONS

. Simptified Approach

The general equation 319.10 may be rewriftten, for flow
in open channels and pipes flowing partly full when
side inlet is submerged, in the following manner:

LP = IM
or
P+ P, Pi - Py, = M, - My - M3 cos B + Pf
' Simplifying and substituting
2 2 2
A (AI * AZ) - 2 _ 7y _ Q 3 cos &
Y 2 Azg Alg A39

1 S, + S AL+ A

L () (+T£)

The unknown value of depth may be determined by plotting

ZP and Z M as an ordinate versus depth as the abscissa.

The point of intersection of the two lines is the unknown
depth. See example plot below.

2. Contro! Points*

Control points for junction analysis in open channel flow,
ignoring friction, are as follows:

a. Subcritical flow

dy = dg

* See "Course Notes - Street and Highway Drainage'", Volume 2,
The Institute of Transportation and Traffic Engineering,
University of California, 1965, for an example of pressure-
momentum analysis. '



b. Supercritical fiow

l. When M, > M, + M, cos 8§ + P +P +P. -P_,
2c In 3 | W i 2
a hydraulic jump will form upstream of the
junction and d2 = d2c’
2. When M2c < MIn + M3 cos 0 + PI + Pw + Pi - P2 ,
d, = d,_.
| In
In all cases, computations should be made to determine

the backwater or drawdown water surface profile.
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STRUCTURAL NOTES

The following notes, as applicable, shall appear on the
project drawings in the form presented below together with
such others as may be needed on a particular project.

GENERAL: (All types of structures)

I. Clear distances for reinforcing steel are from the
face of concrete té nearest edge of the bar.

2. Transverse construction joints shall not be placed
within 30 inches of manhole or junction structure
openings.

3. Transverse construction joints in walls and slabs
shall be in the same plane. No staggering ot joints
will be permitted. '

4. The transverse reinforcing steel shall terminate
l% inches from the concrete surfaces unless other-
wise shown on the structural details.

5. No splices in transverse steel reinforcement will
"be permitted other than as shown on the drawing
without approval of the Engineer.

6. Longitudinal steel shall be lapped 20 bar diameters
at splices. Transverse steel shall be lapped 30
bar diameters at splices, unless shown otherwise
on the drawings. Splices shall be staggered.

7. Concrete dimensions shall be measured horizontally
or vertically on the profile, and parallel to or at
right angles (or radially) to centerline of conduit
on the plan, unless otherwise shown on the drawings.

ADDITIONAL NOTES FOR BOX SECTIONS:

l. Longitudinal steel shall be continuous and extend
through all construction joints.

2, Unless otherwise shown on the details, in curved
sections transverse bars shall be placed radially.
Straight transverse bars in top and bofttom slabs
shall be spaced as shown on the typical sections;
spacing shall be at the centerliine of construction
for single-barrel boxes, and at the centerline of
the barrel on the outside of the curve for multi-
barrel boxes.  Straight bars and L-bars in walls
shall be spaced as shown on the typical sections,
with the spacing measured between the vertical legs
of bars.
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At the beginning and ending of all pours, a
complete curtain of reinforcement shall be placed
three inches from the transverse construction
joint, '

The vertical wall steel in intferior walls and in
the interior face of exterior walls may be spliced
at the construction joint at the base of the wall.
The splice shall be 20 bar diameters in length.

ADDITIONAL NOTES FOR OPEN CHANNEL SECTIONS:

Transverse wall joints shal! be placed at end of

each pour, but spacing thereof shal! not exceed

50 feet or be less than 10 feet, measured along

the centerline of construction, unless shown .
otherwise on the drawings. Transverse construction
JoinTS in the bottom slab shall be located at the
spacing shown on the drawing and at the end of pours.

Transverse construction joints, as detailed for
open channel sections, shall be placed at the
junction of Rectangular Open Channe!l sections
with Closed Conduit sections.

In curved sections, the maximum spacing of bars

shal! not exceed that shown for the fypical sections.
Steel shall be placed radially from the maximum
spacing.

At the beginning and ending of all pours, a complete
curtain of reinforcement shall be placed three inches

from the transverse construction joints.
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TYPET & &I
PIPE JUNCTIONS

ruction plans. :

Approvec.l- Q p %’ Date = 4109

STANDARD DRAWING NO. 2




*-Optional outside - F D N3
face of concrete I ']
8-#4 bars I - 'i
#.6 Rors...... ' o +h :
4-4'fong e Er S
<\
‘: -4u l he
. I AT -~ Tie bar
(Ri d cover not shown) QPars ~e.. Znhwt
. ings and cover not s ‘own 3" oc. ' /7 U “~3-#4 bars
inished grade--...... -~ 1 = X 4-8 long 3 oc.
Concrete 3in s~ : Qha bars Tle bar~" B———r con't. qdd*1.
. n 95 P ] bars 6 oc. to
Level 5 x1° Ring seat _ 1 ©\__\, inside edge
4 barse-oeos>= =y e of manhole.
4 b Ol ©
s 20 PLAN
st “~¥#é6 bars S LAN
o YA 5 (Shaft not shown)
".' 3“R.) ... ‘-.‘#4 bars ’
—FR o -
:3) N
_,,‘I'-'. Finished grade------._ ,.—-Manhole frame & cover
PREES, Ry 7 LA T2 shall be Alhambra
S Ea = — A-i254 or equal.
' - 3/4" Galv. : ' = :" ---Concrete rings
DETA' L M Siee| Sfep$~~-§-—”:'. 4l-oll 1 and reducer
(See Note 2) -
ol I
Level 5"x2" & = - St
Pipe Seat “~ 1 _l¥['}42 6 bars
NOTES: . . ' I 3 ZY}).--Tie bar
L. D BARS shall be #5 for D=48" to 84 inclusive _;--_ N |
and #6 for D=90" or over. Tie bars shall be (¥ ] #4 bars
#3 bars. i3 .
2. DETAIL M: When depth of manhole from existing "'F A B
grade to top of box is less than 3'-0" v A7 .
construct monolithic shoft as per DETAIL M. ! v e _.tt‘"l‘)ors, leto.%
SN i oth ways to be
Shaft for any depth of manhole may be o YT used when D is
constructed as per DETAIL M. 60" or over.
3. REINFORCING STEEL to be 2" clear from face
of concrete unless otherwise specified.
4. RINGS, REDUCER AND PIPE for access shaft SECTION A-A
shall be seated in mortar and neatly pointed
or wiped inside the shaft. —
5. CRADLE of monhole shall be poured in one TABLE OF VALUES FOR 'F
) continyous operation, except that a construction D F
joint with o longitudinal keyway may be placed 28" ‘ 8"
~at the springing line. 5" & 54" 9"
57“' Goll' 63“’ 66" IoIl
69" a 72" llll
78", 84, 90", 96" 14"
loall. I°8II. l '4" I sll
120" 126, 132", 138", 144" 18"

Ventura County Flood Control District
DESIGN STANDARDS

TYPE I MANHOLE

Date

S /4-L8

Approved a/p %
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Edges to be rounded

to 3 radius. i
o) T
NN T
A%
7 A

B #3 bars DETAIL N PLAN
i (Shaft not shown)
—_PLAN See Note 3
(Shaoft not shown)
Street grade Manhole frame, cover, rings & shaft
T fe=a=a 3. per Std. Drwg. No. 9 § o H T -
4 € o'-8' | 8"
M 6'x2" tevel ) g + 10"
pipe seat. a8 -
P TS v
T &d ‘T
= e
?-v :..b
| i\-3“n. b 3R
(1} '
H At H | /2 t
h 1 } |
] - i
1t — L
" o S e T
8 A WLIFHEWE | e _;___:_._.__‘i/Optional Bottom

SECTION A-A

SECTION B-8

NOTES:

. HEIGHT H (in Sec. A-A, B-B and C-C) shall be not less than 4'-O" but

6'x2" level pipe seat
Street grade

SECTION C-—-C

may be increased provided that the value of M is not less than the min-~
imum specified, and the reducer is used. For H (in Sec. C-C) see note 4.

2. LENGTH L shall be 4 feet unless otherwise shown on plan. L may be
increased or location of manhole shifted to meet pipe ends.

3. MANHOLE SHAFT shall be constructed per Sec. C-C & Detail N when
depth M, from finished grade to top of box, is less than 3'-0".

4. DEPTH M moy be reduced to an absolute minimum of 6" when larger
values of M would reduce H (in Sec. C-C) to 3'-6" or less.

5. STEPS shall be constructed per Std. Dwg. No. § or approved
equivalent.

6. CRADLE of manhole shall be poured in one continuous operation
except that a construction joint with o longitudinal keyway may be
placed at the springing line,

Ventura County Flood Control District
DESIGN STANDARDS

TYPE II MANHOLE

Approvad d' W%" Dc:}"./% &8

STANDARD DRAWING NO.4




Manhote frame and cover
Athambra A-i1254 or approved equal.

] See Ring Section
for joint details

€ B 3/

2 '.'_U'.,'

HEER R

"~ D 1] 24" 4 2 tie bars, 4 required.
9

2 le #2 coils,

2-1/2 Inch rings shall be reinforced
with two 1/4 inch round steel hoops;

: la -u 6 inch and 8 inch rings shall be
i S L reinforced with four and six hoops
- 'ﬂv respectively, 2:3/4 inches aport.
z 'L— %‘-=ﬁ 3 "
g I H 3 5-3/4
o pi e = ) H 2-i/8" 1@ e 1/2l e
D.l' ) .-.o" " 2 1‘5/8 ;| =
I 48 o 4:1/8 min, g] 5 :
4-1/8" |2 . . -] reinf. riser = g ’ T)
T . T I I LR S oz e
“‘ Any standard pipe end—_ |~ 1. =Q =1 | gt el (24"
". - —_ ot -" 3 _.-.'.'-.'-.'. Inside
N~ 6"x2" Pipe Seat. ~ 1-1/4 g i) faye] Wiom-
*_w_—__’%—_—ﬁ .. 2"/2" 'll' '.3/4"
4 /4
VERTICAL SECTION :
OF REINFORCED CONCRETE CROSS SECTION
ECCENTRIC MANHOLE SHAFT OF REINFORCED

CONCRETE RING

A

A

g
5
)

N

X)

AR
P
R
K
5
W
e
s

%
.O’

v,
K
58
5
5
e

58
0o

3 z L1}

O
¢
Q)
QO

a’

¢, '0’
.0 000
OOK)
OO0
OO0
B
o

X

s
)\
&
&
%

7
()

L/

/4
)
0.9,
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NOTES:

. ALL JOINTS shall be filled with mortor and
neatly pointed or wiped on inside of
shaft.

MANHOLE FRAME

2. COLLAR OF MORTAR ground cover frame : AND COVER
shall be omitted in paved streets.

3. STEPS shall be 3/4" dia. galvanized steel
imbeded 5 in wall.

Ventura County Flood Control District
DESIGN STANDARDS

MANHOLE SHAFT AND COVER DETAIL

Approved Q /:.7 @ Dou.f_-/#-éa
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Provide contraction
above the outlet. -

for CMP.

Add conc. collar
~ for CMP.

Add conc. collor/ =

joint

Const. paper in joint.

Dowell. or extend reinforcing
steel, min. #4 at 12

. " .
112 min

SECTION A-A

Bend reinforcing into wall -

Const. paper in joint

Dowell or extend reinforcing
steal, min, $#4 at 12

Chamfer

Break out limits for existing channel
to top of channel lining, not to L
exceed 2' on each side of structure. PLAN

All existing concrete shall be saw =
cut before breaking out.

L, D and Angle

SECTION B-

shall be specifi‘e& on construction plans.

NOTES:

. WALL THICKNESS of the inlet structure (1) and steel

. For channels with GRADED EARTH INVERT, provide

ANGLE OF CONFLUENCE (%} of side inlets shall not be

greater than 30° for the following cases: -

a. Lateral flow exceeds 10% of the main line flow.

b. Lateral flow velocities are 20 qfs or greater.

c. Hydraullc analysis of the junction indicates
excessive losses in the main channel. ‘

A confluence angle of 45° may be used if none of

the ‘above conditions exist. .

reinforcing requirement shall be determined by design
analysis. Minimum t=6" and minimum allowable. steel,
#4 bars at 12", '

I foot thick grouted rock rip-rap apron extending a
minimum distance of 5' upstream ahd 5 downstream of
Intet structure ond L feet into channel.

Ventura County Flood Control District
DESIGN STANDARDS

JUNCTION TO R.C. TRAPEZOIDAL
CHANNEL TYPE I

Approved Q% ijfg/44§

STANDARD DRAWING NO. 6



Break-out limits for exjsting channe!
lining, not to exceed 2' on each side
of pipe, Saw cut concrete before
breaking out.

—~rClass "A" Concrete - |

#4 bars with
/{2" clearance

6"+1 I—_'-I
/__ -

# 4 bars at 12" o.c.
each way.

Existing channel —

B Existing channel /7770~
Invert. e

=

i CRD A
sow ot Edon =~ s 8 ey B R 4 A
lining.
ELEVATION | PROFILE
l 6“- 6" i

Exist. Conc. t

~ t Exist. Conc.

l

SECTION A-A

Ventura County Flood Control District

DESIGN STANDARDS
D & Angte o¢ shall be specified on

construction plans. JUNCTION TO R.C. TRAPEZOIDAL
CHANNEL - TYPE II

Approved Q’p% 00131/4.‘66

STANDARD DRAWING NO. 7




Same for C.M.P & RC.P.

S— —"j———;‘ ——J% _._,

PLAN

PROFILE

Provide contraction joint above the
outlet .in new channels.

~——— Bend reinforcing into collar

¢ Channel

™

NOTES:
1. The angle of confluence of side inlets shall not be

greater than 30° for the following cases:
“a. Lateral flow exceeds 10% of the mawn line flow.
b. Loteral flow velocities are 20 fps or less.
¢. Hydraulic analysis of the junction indicates
excessive losses in the main channel.
A confluence angle of 45° may be used if none of
the above conditions exist.

2, To remove existing lining, a series of holes spaced

6" c.to c. shall be drilled through wall at limits of
wall opening. Opening to be a maximum 2 greater
than the outside diometer of pips.

. \<"“" Varies 3 show direction of flow,
=

Ventura County Flood Control District
DESIGN STANDARDS

~ JUNCTION. TO R.C.
RECTANGULAR CHANNELS

| »f\pmud @ O'J% Date _ i

STANDARD DRAWING NO. 8




Q Thickness of Grouted Rock Rip-Raz
Q %%QQ/—‘ same os that of existing. -

:- .E.
S it €
N TR =

T
Add conc. collurj 15

for CMP.

R e

Extend I thick Grouted Rock

Rip-Rop a minimum distance
of L feet.

Limit of Grouted
Rock Rip-Rap.

Add conc. coilar
for CMP.

Limit of Grouted

losses in the main channel. :

‘A confluence angle of 45° may be used if none of the -
above conditions exist. _

2, WALL THICKNESS of the.inlet structure (t) and steel

reinforcing requirement shall be determined by design

analysis. Minimym: +=6" and minimum allowable steel,
#4 bors at 127,

Rock Rip-Rap 0B N 03
Notes: : , R ,
Chamfer I. ANGLE OF CONFLUENCE (=) of side inlets shall not
T\ be: grea:ier than 30° for the tollowing cases:
' a. Lateral flow exceeds 10% of the main line flow.
\OO%’% AR an %QOQ b. Lateral flow velocities are 20 qfs or greater. . |
3 7 | e 00 c. Hydraulic analysis- of the junction indicates excessive -

Ventura ,Coun’t‘y'Fld_bd Control District- L
ﬂ DESIGN STANDARDS -
LY D VPR S - ZE NN - S-S - S . . — . -
SECTION B-B 1 JUNCTION TO ROQK RIP-RAP -
Lo A . TRAPEZOIDAL CHANNEL ’
’ d | hall b ified tructi lans. - = s : —
an ngle =< sna e specified on construction plans Approved é: p Da?e‘;./"- 68 - |

STANDARD DRAWING NO. 9



A
A 4

o-
| 1
e

EN

16
{

§ \VAVAVAVAVAVAY,
NIRAZS/AINNINSA

VA ‘AVAVAVAVAVAVAY,

AATATATAVAATAYS

N AV
i, rava

1| AVAYAVAVAVAVAVAY AN
WAVAVAVAVAYA'

A" “Tie fence to. 34 r

. ot% 36 infervals.

PR
oy - —-

o

TYPICAL

_—— - -

—em=-

C

36" Spradder at each post,
notched & welded.

Tie lap,top ond
bottom, at 3
places between
with 12 gage

galv. wlu§

Grade lin

Waler, both sides ~ Slope
3" 0.0.
- Fill basket with select
L moterial ‘4" mimum 2/3H
| 2 4" min . #<Bockfill_behind revetment .
4" minlap § || (e " wifh select material
—====c=cs T A C . qTming .
Toe of slope-| | S | B
Do not lop> " | ! m"’i | :;
b g 21
! [ "
o BN NN

DOUBLE PIPE & WIRE

TYPICAL SECTIONS:

ELEVATION

smét.e_-vléé & WIRE

3. POSTS, braces, and spreaders shall be 3"0.D, b"ll?lfdld. upset tubing or equivalent..
4. WIDTHS of woven wire fencing varies depéending on height. H. - '

HEIGHT H is shown on the construction plans.
2. LENGTH of posts shall be 3H..

‘Ventura County Flood Control District
"DESIGN STANDARDS

PIPE & WIRE REVETMENT

..;,w 14 A %‘, Ber 5 48

STANDARD DRAWING No. 10O



Temporary easement
thru undeveloped
property to be Quitclaimed

when developed.
| / Permanent R/W
>t

2" 2" For top width of 40 or greoter : [ 14'Min_,
Lo lig" e Service Road is Req'd. on both sides Service Rd. ~~i [—6"
5' Chainlink
: " fence ,—
o - 6 "
\ ° ] l“ 23"2)
%_/8 | 7 Lap /e —

XN # [1]
G & 4@ 2"EwW. 11/2:1
rEN oY e /

Max. side slope

S ] " . . .
59 * 8-0 Minimum ' 4"AB. W/Asphalt
4@ IR"EW. \ & , for velocity<iO tp.s. e penetration treatment.
centored\/\fz,(y R\ Miml . g / y;
A N = — 4" ¢ x 16" bit
Filter material N\ [ ———t ituminous
(see note®2) . fiber or plastic pipe,

L vy 3

PR I LY

*E;:?:*'_z‘ A RSEER R T OA eve |, w/8" X 8" X 4" galv.
18-

N ] screen. (see note *2)
8" thick cut-off wug T T T T T T T T T \\ . -
@ 500' 0.C. max.,w/4"
weep holes @ upstream CHANNEL SECTION ¢
side of cut-off woll, : [

S
*a@ 12" 2 |
|
- II 1]
‘ t/3 rTooled edge v TS, _i__[ /2
o-10 | " =
é 31 =20 [ 2" T —
S —— I rq - 3" .
f | . : Formed surface -
3/8 l-— e - Laser
TRANSVERSE CONTRACTION JOINTS @ 20' O.C.

NOTES:

{. In undeveloped areas and /or where significant sheet flow is mfercepted by the channel, o system of parailel ditches
and side drain inlets approved by the Flood Control District shall be constructed to control surface flow,

2, Filter material design and weep hole spacing requirements to be determined by soils test of native material.

3. An adequate longitudinal pipe subdrain system of approved deslgﬁ shall be provided where required by high
groundwater conditions.

4. Reinforced concrete structural section shown is minimum allowable, The connection between side walls and
bottom slab shall be designed for shear and 50% of the moment based on a vertical projected area and
equivalent fluid pressure of not less than 40 pounds per cubic foot.

5. Subgrade for lining shall be firm undisturbed natural ground or fill compacted to 90 % relative compaction
for full depth of fill in accordance with U.B.C. 70-1.

6. See Section 450 of the Design Manual for detailed discussion of the design of trapezoidal R.C. Channels.

7. The use of trapezoidal design in lieu of rectanguiar
must be approved in each case by the District for .
channel under the jurisdiction of the District. Ventura County Flood Control District

DESIGN STANDARDS

R.C. TRAPEZOIDAL
CHANNEL SECTION
MINIMUM DESIGN. STANDARDS

Approved Q/:) ' Date 5 /5.c &

STANDARD DRAWING NoO. |2



FILTER BLANKET

DESIGN HIGH WATER
2:1 MAX. SIDE SLOPE ‘

STONE BLANKET

STREAMBED

7

5 MIN.

DESIGN HIGH WATER

1'% : 1 sLoPE

3 MIN. /v
STREAMBED
| .

(b) STONE BLANKET AND TOE DETAIL

NOTES:
. For discussion on thickness of slope protection, filter blanket and rock gradation see Section 453 of
the Design Manual. ) )

Ventura County Flood Control District ‘
DESIGN STANDARDS

" ROCK RIP-RAP SLOPE PROTECTION
FOR TRAPEZOIDAL CHANNELS

Approved QP%, : Dotej,/% 68

STANDARD DRAWING No. |3
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MAXIMUM ALLOWABLE
TRENCH WIDTH - FEET - THREE TYPES OF LOADING ARE COVER IS MEASURED FROM THE
VERTICAL WALL TRENCH VERTICAL WALL TRENCH WITH SUB-TRENCH SLOPING WALL TRENCH PROVIDED FOR IN THE PIPE OUTSIDE TOP OF PIPE TO THE |
WITHOUT SUB-TRENCH WITH_SUB-TRENCH 1.0. |DESIGN A ' DESIGN B | DESIGN C SELECTION TABLE, AS FOLLOWS! FINISHED SURFACE AT THE ¢ OF |
e 3L P , PIPE. FINISHED SURFACE 1S TOP |
_ S TYPE | = Earth backfill only with OF PAVEMENT WHEN INSTALLED.
24 P L jonal vehicle. Use outsids MINIMUM COVER ALLOWED IS 1.0ft}
o . 8
w2 TIMES TRENCH WIDTH 1/2 TREKCH WIDTH 30" 5 7 of road rights of way only. y
= ! 36" 5-3- 7-3 : cover fo be used
w r3] pry P el TYPE 2 - Earth bockfill with or —ronge of cover  _in selection toble
TRENC z TRENCH WIOTH 1. /2 TRENCH WIDTH \IF >| USE DESIGN - - - without A.C. pavement surfacing S0 o <19 1.0
T\Plﬁazoz. WALLS VERTICAL c recanoess o} 99 U o & with superimposed H-20 live >l9 o <25 20
WALLS —_————— - - TRENCH WIDTH: 54" -] 10 load. Usual loading within 325 to <35 30
; 60" ot oL | woumr road rights of woy. 35 1o <45 40
e >t use_oxsion s6 L L 3 TYPE 3 - Eorth backfill with 9" 235 1o <85 80
C REGARDLESS OF 77 0 2 o 255 to <65 6.0
SEE_GENERAL NOTE 7 SEE_GENERAL NOTE 7 TRENCH WIDTH. GENERAL NOTE 7 . thick class B P.C.C. pavement 65 to <85 8.0
FOR MINIMUM CLEARANCE MINIMUM CLEARANCE FOR MININUM CLEARANCE | 7g* 10-1- _mnmn with superimposed H-20 live 85 1o A_n.uu _O.o
o 0 a load, RC.C. pavement must SI105 to <ISS 150
; o0 Ire 132 tend __\N. times the o.o.. of Si55 to <205 20.0
295 TRENCH NOTES: L Stote construction sofety orders require shoring when slopes are stespsr thon 3/4:| unless oftherwise approved by the State. Py 2L ek pipe each side the & of pipe. 2205 to <25.5 25.0
2. Shope of trench is ot the contractors option providing moximum trench width and slope are not exceeded, unless limited by right of way or — This type of slab moy be used 9255 1o <305 30.0
odjacent structure or specifically required by the plans or speciol provisions. : 102 13 .1 as a corrective measure for
108" 131 151 construction deviations where
applicable.
BACKFILL, BEDDING & LOAD FACTOR
TYPE | INSTALLATION TYPE 2 INSTALLATION TYPE 3 INSTALLATION TYPE 4 _zm._.b_._.».rozz TYPE 5 INSTALLATION
R LOAD FACTOR =1J LOAD FAGTOR = 1.9 LOAD FACTOR = 3.0 LOAD FACTOR = I.9 LOAD RACTOR = 3.0
- .
=1 BACKFILL IN | BACKFILL IN BACKFILL IN .
e BackeLL W BACKFILL SE 330 \;ﬁumaoﬁﬂ_w»z_nzn witH 2~ accorcaNcE wiT +{&— accompance with ~ ACCORDANCE WITH
ACCORDANCE WITH COMPACT TO 90% SPECIF £ SPECIFICATIONS . SPECIFICATIONS SPECIFICATIONS
. SPECIFICATIONS o LA MAXIMUS ICATIONS BACKFILL SE 330 BACKFILL SE 330
~|-IEB. DENSITY. COMPACT TO 30% COMPACT TO 90%
D MAXIMUM oF LAD z-x_:cxm -
BACKFILL SE 330 7 N! . $(L D) K
~T2— CowpacT 7o 30% - CONSOLIDATED wiTH HORIZ. DIAM, DENSITY. N o280 o0 | cLase "o rce
OF LAB MAXIMUM HORIZ. u_E..\L WATER CLASS B CONCRETE EXTENDED |
DENSITY EXTENDED : J ;
008100, : REQUIRED CONSTRICTION . [ s BN -
.U8(0D) , -8(0.0) , /
6" MIN. 1.0 oF pire | REQUIRED CONSTRUCTION
* — 1" THICK SAND CUSHION - JOINT "
. FOR GRADE ADJUSTMENT | CLASS "A" RPC.C. GROUT . y CLASS A" pCC,
GLASS "8" CONC. WITH NO COARSE AGG. Z° MIN. REQUIRED CONSTRUCTION o QROUT WITH NO COARSE AGO.
. . WELL TAMPED. PLACE BEFORE 18irs. OLD BEFORE - YIBRATE THOROUGHLY TO B JOINT 27 MIN, VIBRATE THOROUGHLY TO PiLL
R LAYING PIPE. PIPE IS LAID FILL VOIDS UNDER PIPE VOIDS UNDER PIPE
BEDDING NOTES: L For tranch widths Design A & B, required imported bedding and fill material (soil, aggregate and concrete) shall extend full width of trench.
. 2. For trench widths Design C, required imported bedding and fill material (soll, aggregote and concrete) sholl extend to o width equal to. maximum allowable trench width for Design B,
. 3. Types 4 ond 5 ore intended primarily os remedial beddings fo be used when construction deviates from design in such o monner that increosed load factor will compensate for such deviation.
& 5] cover-rEET NN RN _»»n»v»»uuu.uuua¢a..uaou-......u-..-..._o_o_o_o_o_o_u_-_u_u.._a»o»o»ouono.»ono»oanunonununa828888888».9
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GENERAL zo._.mw.._. The combination of cover, loading, treich width ond locd factor determines the class of pipe required.
2. Unless specifically restricted by the plans or speciol conditions, substitutions may be mode in occordance with this table providing right of way limits ore not encrooched upon and providing odjocent structures are not endangered.
3. A special design prepared by a civil engineer and subject to the approval of the Director of Public Works shall be used for any case not specifically cover by this standard. - -
4.N.A.= Not Appliccble. This combinction of cover, loading, trench width and load foctor requires speciolly designed pipe with D—-Load greater thon Closs ¥, Ventura County Flood Control District
5. Pipe of the some strength Is avoilable in one fo three wall thicknesses, Any one of these thicknesses moy be used unless one is specificolly required by the plans or specifications due te limited clesronce. Umm _ GN STAN DAR DS
6. All pipe shall be installed in accordonce with .,.\osz-o County Stondord Specifications on public controct mouu" or Ventura Gounty Lond Development Specifications on subdivision or permit jobs. -
7. Minimum clsarance between pipe and trench : 6" for diameter &60", 10" for diometers>60" and <<96", and 12" for diameters>96".
8 Some os Ventura County P W.S.D. 34 ~1 ) REINFORCED CONCRETE .PIPE
SELECTION TABLE
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