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ABSTRACT . ; - e
- ' ’ This individualiged, self-paced\cdurse for
independent study-in water drainage was adapted |from military
_ curriculum materials for use in vocational educajtion. The course
- pfovides basic information for the design of simple drainage . -
structures for roads and airfields. Some job skills included are
designing and constructing ditches and culverts; designing subsurface
drainage facilities; designing and using ponding areas; and designing
check dams and drop inlets. The course consists of five lessons, each
containing a lesson ‘objective, readings, and review exercises. The
course can be-used as.a sub-unit in environmental control,
construction, or some types of agriculture courses. Each lesson has +
. an objective, a coded text, exercises, and answers keyed to ‘the text
for student self-evaluation. A course examination of 50 L.
multiple-choice Questions is provided, but no answers are available.
Supplementary charts and graphs are provided. (KC)
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MILITARY CURRICULUM MATERIALS , ~
; . The military-developed curriculum materials in this course
' , package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for.dissem-
ination to the six regional Curriculum Coordination Centers and,
- _ other instructignal materials agencies. The purpose of ,
disseminating these courses was to make curriculum materials ™ ,
developed by the military more accessible to vocatlonal
- educators in the civilian setting. 2 N
; : 'I’h’e-@urse materials were acjquired, evaluated by project
: staff and practitioners in the field, and prepared for "
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either cmitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials Which §an be adapted to support
vocational instruction and curriculum development
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Vocational Education’s mission is to increase
the ability of diverse agencies, jnstitutions,

. and organizatjons to solve educational prob-

.

lems relating to individual career planning,

. =preparation, and progression. The National

Center fulfills its mission by: .

¢ Generating knowledge through research
. /
¢ Developing educational programs and
products -
Evaluating individual program needs
and outcorhes

* Installing educatiénal programs and .
products
[
J Operatlng mformatton systems aod 2
services -

/ - 4

training progr

FOR FURTHER INFORMATION ABOUT o

- Military Currictlum Mater:als, ”

WRITE OR CALL" o . :
Program Information Office
The National Center for Research in Vocatxonal .
‘Education . )
* - The Ohio State Umverssty .
1960 Kenny Road, Cotumbus, Ohio 43210 >

) 4 «  Telephona: 614/486 3655 br Toll Free 800/

848:4815 within the contingntal U.S.
(excépt Ohio)
. . - "

Conducting I%&ershlpdevelopment and ‘ .
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Curriculum Materials | What Materials How Gan These .
-\D_issemination Is... Are Available? ’ . Materials Be Obtained?
o e e T T T J(
7" * . ’ / - .

an activity 10 increasg the aeﬁessxbnhty of
military developed curgiculum materials to .
" vocahonalatd technncal educators.  *
o
This project, funded by the U.S. Office of
Education, inclydes the identifitation and
acquisition of curriculum materials in print
form from the- Coasw Guard, Air Force
Army, Marine Corps and Navy' ,
—Access to military curnculun. materials js
provided-through a “Joint Memorandum. of
‘Undesstanding’’ betyeen the U.S. Office of
Edchuon and the Department of Defense.
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One*hundred twerity courses on microfiche
. {thirteen in paper form) and tescriptions of
each have been provided to.the vocatienal
Curriculum Coordination Centers and other
'mstructnonal matenals agencies for dissemi-
nation.
- . b ™
Course materials ‘include programmed
instruction, curriculum ‘utlines, mstructor
guides, -student workbooks and - technical "
manuaIS

The. 120 courses represent the foLéw:ng .
sixfeen vocational subject areas:

.I

The'acquwed rﬁaterrals are reviewed by staff
and subject matter specialists, and &ourses
deemed applicable 1o vocational and tech-

mcal educatio are selected for d:ssemmatnon

(.

;The National Center fom Research in R
%Vooauonal Education is the U.S. Office of -
” Education’s desngna(ed representatiye to
acquire the materials and conduct the project
activities. s
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Course Description . ~ L e . . . .

—_~ . o £ \
This course provides basic information for the design of simple drainage structures for ‘fbads and airtields. Some job sknlls included are / . N
' ’ * - . - e .
® Design and construct ditches and culve:"ts ) . ) ’
® Design subsurface drainage facilities ' . .
* & Design and use ponding areas , . N vt v
.® Design check gams and drop inlets , L « \ ‘ . .
1 - 2 ' . , . e
A -~ . . A
This course consists of five iessons each containing a iesson objective, readings, and revu‘ew exercises on the follownpg topics: .
; Lesson 1 - Basic Dramaga Pnnc:ples covers the importance ofagdrainage, types and functlons q: dratnage, structures for surface dramage, N

structures for subsurface drainage, temporary drainage durmg construction, drainage majntenance, road drainage, airfieid
drainage, preliminary considerations for drainage design, data required, teconnatsance, general procedure n dramage desngn,
design storm, graa-1g, soil characteristics, frost action, uniform heave d|fferem|ai heave, thawing, and sources of frost-

action water. roe . ‘. .

Lesson 2 —  .Surface Runoff (Hasty and Rational Methods) 1s an introduction to runoff and describes the procedyses for using the hasty

- and rational methods of calculating runoff. : ) ’ .

Leston 2A —~ Surface Runoff ITaIborsand OCE Methods} provides the formula forkmg the Talbot and OCE Methods along with exampie .

problems. .- ,
L . € . . ) Vs
. Lesson 3 - = Design of Ditches and Culverts covers M'anmng’s Formuia for figuring design, construction equipment considerations, euivert :
design, size of pipe, flow and velocity, . -
Lesson 4 —  ‘Dramnage Constructron, Check Dams, Drop Inlats, Cylverts, and Ponding 1s concerned with excavation of ditches with equipment,

side ditches, errosion control, check dams, drop iniets, length and strength of culverts, strutting nestable corrugated metal pipe
- {CMP), headwalls and wingwalls, reasons for ponding, ponding design assumptions, ponding specifications, volume, runoff curves,

analysis of cumutauve runoff curve,'cuiven types, culvert hydraulic-degugn principles, and cuivert des:gn procedures.
)

ra

Y
Lesson S Subsurface Dramage covers subsurfacg-drainage criteria, drainage techniques, pipe laying cmena , vertical wells, fiiter matenals

? preventmg failures, and examples and steps in filter design. l )
\ P . .

{ - . -

' Th;s course is designed for studem seif-study aﬁd,cin be used as‘a sub-unit 1n epvironmental control, construction, or some types of agriculture cou'rses'.‘
" Each’lesson has an objectwe, a caded text, exercises, and answers keyed to the text for student self-evaluation. A course examination of fifty muitiple-choice
questioqs\is provided, but no answers are available. Suppiementary charts and graphs are provided,
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INTRODUCTION . . *

.;./, - 7

More roads and an'ﬁelds will be required

"by our Armed Forces in future wars than”

were required . previously. The enemy’s po-

. tential use of mass-destruction weapons will

require a greater dispersion of ‘our troops and
equipment both in th and depth. A vast
network of roads-an airfields will be required
‘to support these dispersed forces and to reas.,

semble them' {.or concerted offensive action,

_Heavier azrcraft and ground-weapons will
require: the construction of stronger roads

and airfields than, were needed in prevxous,

wars.
A major factor in constructing and main-

* taining “combat-ready’ roagds, airfields, 'and

other installations ig the control of surface

' and subsurface water.’ It has been said that

\a good rpad requires a tight roof and a dry
cellar. Water leaking through the surface
of a road or airfield can weaken these struc-

tures from the top down. Fajlures from this

source may be eliminated by adequate crown
and/or by good wearing courses or pave:

megts "But even when a watertight surface .

is provided, suhsurfgce water may enter the

foundation material and produce failure from~—,
" the Bottom. Foundation failures may be J

prevented by the proper use of materials and
by- the interception, collection, and chsposal
of the undwred waters T

—F

2. Surface Runoff (Hasty and Ra-
tional Methods) O

2A. Surface Runoff (Talbot’s and
OCE Methods) £

3. Design of D1tches and Cul-,
< verts,

-Drainage Constz:uctlon Check
+ * Dams, Drop Inlets, Culverts
and Ponding.

5. Subsurface Drainage.-..

Exa.mmatlon et ok o £t st S

Eighteen crecht hours é‘fe allowed for the
subcourse.

: / You will not be hmJted as to the number

«

course "covers” the design of simple *

H‘cﬁ'amage structurés for roads and airfields.

It will teach you to use rainfall dafa in select-
ing a design storm, to design and 'construct
ditches and culvert.s tp design-—subsurface
drainage facilities, to design and use ponding

. areas, and to design check dams and drop -

.inlets. The subcourse consists of six lessons
and ‘an examination as follows:

Lesson 1. Basic rainage Princ'ibles.

‘of hours you may spend on the subeourse,
any lesson, or the examination.

Materials fu.fmshed

Annex A-1 through A- 6—tables a;nd graphs
frequently used are separately bound for
your convenience.

Charts 1, 2, and 3.

The format of this sul;course has been
changed to facilitate student self-pacing dand
to eliminate the necessity of submitting to
the USAES each lesson exercise for grading,
Each lesson in this subcourse is followed by

. . . -
N i t

a number of questions and exercises designed

for a review of that lesson. After completing

\study of the lesson, the student should answer

thege' questions in the space provided below
each, then turn to the back of the subcourse
booklet where the correctanswers have been
included. A comparison of the student an-
swers with those given in the back of the

subcourse will indicate the student’s knowl- .
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* edge and understanding of the materjal pre- the examination card which you will find . )
' . sented., When you have completed all'lessons  in your subcourse packet. . ‘
to ‘your satisfaction, complete and forward . N . . .
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N LESSONI',

i

N S BASIC DRAINAGE PRINCIPI.ES

’  CREDITHOURS _________'___________ }’_‘r- LT e
e " TEXT ASSlGNMENT : S Attached memorandum.,
\  MATERIALS REQUIRED __________ —25e-—None.

‘ : * .+ LESSON OB]EGTIVE e To teach you the importance of adequate
' ‘ o - drainage, theater-of-operations drainage

Yo * Y. w consudercho S, cnd how tc use Lcunfcll
- ~ .
o ) ISR » ° ‘ dcfc E ’

o N SUGGESTIONS _;__J______;:___:'__.___ch‘d the atta hed memorandum through
. CL ) 4 . rapidly to obtain a knowledge of its scope.
oy ; - - ’ ' : Then read it through carefully, underlining
E : . .. theimportant points arid objectives. Read
; s : ' : : - . the review questions at the end of the les-

. . - e son. ‘Study the lesson, searching for an-.

.. R Y : : i swers to ‘the review questions, and write
N L ' e your answers in the spaces provided.

- e Finally, check your answers with the an-

v e . ' - swers given for this lesson at. the back of

&~

. : , . this booklef. Review as necessary. -

— -

s

, O - ATTACHED MEMORANDUM,

1-1, 'IMPORTANCE OF_‘_QRXIF{AGE -+ the runways and taxxways One severe acci-
Drainage is @n- important consideration in - > dent resuliting from madeéuate drainage may

P N . offset any. difference between the cost of
. ! ﬁmagé ﬁfil%:;ﬁzlndg, %%nt;trausct:gncozf , reasonably edequate and le§s-than-adequate
" struction and use, The entire serviceability facilities. Adequate drainage, including the
of the road depends on theradequacy of the use of pumpmg facilities of even a temporary
" dramage system. The washout of a smgle
. - culvert may close the road to traffic at %
. + - crucial time. The development of a soft spot
et T . may lead to- rutting and displacement and to -

perio construction. . Inadequate drainage
resulty in high maintenamce of construction
equipment and sgriously interferes with the

S systems are equally vital to the functioning providédrainage for the work to follow, As
of an airfield. It is' most important that construction progresses, every effort should
adequate dramage facilities be -eomstructed be made to complete the drainage system as
to remove effectively any durface watér from pla’nged, in order to avoid any damage which

- SR

e ¢ . - ]:;—— 1

. R | . .- \
e ) = ' {

nature, is of primary importance daring the

=

T eventual closing of the road for repairs. efficiency of both men and equipment, The
IR Properly designed and’constructed drainage first construction work on-any project should -

" -

I”’
:
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might be caused by accumulations of mud,
water, ice, and debris. Flooding caused’ by
inadequate drainage may lead,to failure of
road and Airfield surfaces. Engmeer otﬁcers
and noncommissioned officers.should be fully
aware of the function of drainage, including
adequate drainage during construction, and
the proper methods of providing it. The
importance of drainage in road and airfield
design and cohstruction cannot bé overem-
phamzed

1.2. “TYPES AND méﬂons OF DRAINAGE

All dramage can be classified as surface or
subsurface. Classification depends on wheth-
er the water is on or below the surface of
the ground at the point where it is first inter-

* cepted or collected for disposal,

¥ a2 Surface drdinage. Surface drainage
provides for the collection and removal of
water from the surface of roads, runways.
taxiways, and hardstands. This is important
because water on th# surface interferes with
traffic, may cause erosion, and, if allowed to

infiltrate, can cause injury to the subgvade :

Surface drainage also provides for the inter-

. ception, collection, and removal of surface

water flowing toward road. and au'ﬁeld sur-
faces from adjacent-areas.

b. Subsurface dramage Subsurface
dra.mage is similar in some respects to sur-
face drainage. Impervious strata may form
well-defined channels and reservoizg, for sub-
surface water. Water is present tnder the
surface “because of infiltration of surface
water. Surface water seeps down through
open or unsealed surfaces' or laterally on top
of impe Jéywus soil or rock layers. Accord-
ingly, properly designed*and maintained sur-
faceﬁlramage systems sheuld reduce the need
for spefal facilities for control and dispgosal
of ground water.\Ground water ‘may- pond
above impervyious strata to form a subsurface
lake (which is often called a perched water
table). Subsurface drainage is provided to
intercept, collect, and remove any flow of
ground water into the subgrade; to lower

. high water tables;-to drain water pockets or
perched water tables; or'for any combination

. of these purposes. The employment of sub-
"surface drainage to prevent frost action

damage is discussed later in this lesson.

>

13, smuéruné?mn SURFACE DRAINAGE

a. Crown or transverse slopes. Surface
water is removed fronf road and airfield

pavements or wearing courses by providing.

adequate-crown or transverse slopes. Para-
graphs 1-7 and 1-8 d¥cribe crown specifica-
tions for roads and airfields respectively., .

* b. Open channels other than ditches.

*(1) Gutters. Gutters; or coibination
curbs. and gutters, are used to

, control surface runoff where open ditches

would be hazardous or impractical. They are

most commonly employed along streets i

densely settled areas, and along roads
thraygh heavy cuts where the width of the
roadway ig limited.

(2) Dikes. Dikes or mterceptmg em-
‘bankments are used along shoulders on high
fills, or along the tops of cut:slopes, to collect
runoff. “Such runoff may be- directed into
flumes. or into'natural drainage courses to
prevent the erosion’ of“unstable slopes.
Flumes are installed on the surface of steep
slopes to carry the accumulation of suyface
water to open ditches or to natural drainage
channels.

c. Ditches. Ditches, alone or in com-
bination with natural watercourses, provide
the simplest as well ag the cheapest and most
efficient meth handling surface water.
The detailed design .of ditches is covered in
lesson 3. The following subparagraphs dis*
cuss some factors to guide you in the use and

_location of ditches, as illustrated in figure 1-1.

(1) Diversion ditches. At every op-
portunity Eramage water should be diverted

* or discharged from collecting channels or side

ditches intq natural or artificial channels and
carried away from the site. This diversion

_ keeps side ditches and channels reasonable iri '
size, and reduces the seepage from the dxtches

into the,; subgrade.
%

1—-2 -

15




. (2) Intereeptioﬁ' d!tehos. Much of the
gurface watér origmatmg on adjacent areas
which slope toward a.con

-« - be intercepted and carried off in interceptor
- ditches before it reachés the site. Intercept-

ing the surface water reditces the volume of

flow into drainage facilitiés within the oper-

ating areas and prevents drainage structures

from reaching uneconomical sizes. Without

. interceptor ditches, all '6f the water from a

teh. The pipe necessary to provide for the

- in size and very expenslve .

(3) Placing of difches along ﬁlls In
some cases, dramage, ditches must’ be con-
stricted parallel to the edge of a-fill, »Wheh

S 'Figure 1-1. Structures for surface .drainage. ° T %

ction site can °

hill would flow- -glong the inside or clit-side:

gradual increase of flow would be excessive 4

. " 1—38 -

this is necessary, the ditch should be dug
into the natural grourd. The fill-ground-line
intersection should not be used as the bottom
of the ditch because surface water would tend
to infiltrate and weaken the fill. A berm |
should be pldced between the toe of the fill
and the ditch when the fill is over 4 feet high-
Figure 1-2 illustrates both the correct and the
incorrect method for. locating a ditch parallel
to a fill.

d. Storm drains. In permanent construc-
tion, storm drains are frequently used because
property values will.not permit large surface
ditches, particularly for disposal of collected -
runoff. Storm draing are seldom justified for
theater-of-operauons construction because it
is more economlcal to use open ditches. When
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. Space is rwtncted or the natural slope of the
. “ground is unsuited for the use of open chan-
“nels, it may be necessary to install storm
draing to provide for the disposal of surface.
water. A s’oorm—drainage gystem is very.dif-
ferent from a sanitary layout. A samitary
system must gather all sewage into one col-
lecting system and carry it to a treatment or
disposal plant. Storm drains are best installed
in small ynits, each unit draining a small area

NATURAL GROUND LINE

L

w0 Fzgure 12, Conatructzbn of . dztches parallel to ﬁIls v
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and carrymg the water to the nearest water-
course, /

e. Culverts. Culverts; are used under
roads, taxiways, and, occasionally, under run-
ways, to carry water that cannot be diverted
economically o natural drainage channels by
other means. They differ from storm drains
in that they generally conform to the grade
and alinement of the open ditch, stream, or
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natural drainage course at ‘iplet and outlet
ends. Additional information aboyt culverts
and culvert design is,contained jp-lessons 3
and 4. ‘

1-4. STRUCTURES FOR SUBSURFACEvDRAlNAGE
In most cases, the presenbe of excess water

‘in the subgrade or base course reduces the

stability of the pavement foundation and in-
creases damage from frost action. Subsur-
face drainage removes this excess water by
lowering the water table, by accelerating
water flow, by providing_a ready éutlet for
slow-moving ground water, or by intercept-
ing such water before it reaghes the areas
that it could damage. Open ‘channels, sub-
drains, combination drains, and vertical wells
are used to control ground water. K

a. Open channels. Subsurface dramage .

may sometimes be accomphshed by providing
gide ditches or making existing ditches
deeper. Such -ditches or open channels often
lower the water to a safe level and also inter-
cept seepage. Deep ditches are often imprac-
tical and are hazardous and sfiould not be

located adjacent to a roadway or runway.
The ability of open channels to collect and

remove subsurface water depends .upon the
nature of the subsurface doil, the location of
the channel with respect to .the pavement,

and the availability of a mntable outlet for :

the water collected.

b. Subdrains. Subdraing (also referred
to as subsurface dra.ms, subgrade drains,
and underdrains) fre underground’ drainage
lines or ducts used only to collect and dis-

pose of ground water. Subdraing may be -

constructed of porous concrete, perforated
clay pipe, or perforated corrugated metal
pipe laid with closed joints, or unperforated
concrete, clay or tile “pipe, laid with Open
joints. These pipes should be enclosed in a

layer of selected filter material. Blind drains -

constructed of crushed rock or gravel of de-
sirable gradua,tlon and drains improvised out

of timher, mre other methods ‘employed for -

subsurface drainage. Subdrains made .of
pide, as well ag blind or Frenc\h drains, should
[ 4 ¢ '
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be providéd :with free-flowing dutlets,- and,
insofar as is practlcable, should be construc-
ted to prevent -bgckwater in “Rhe drain. A

more complete discussion of subsurface

dra.mage is gwen in lesson 8. .

¢. Combination drains. Underground
drainage lines which combijne subsurface and,

surface drainage are known as combined or’

combination drains. Combination drains usu-

‘ally consist of a Subdrain modified to per-

mit the entrance of surface water: This is
accomplished by extending the filter material
surrounding the drain to the ground surface,
or near the surface, and covermg with a
pervious ‘soil layer. “The instdllation of com-
bination drains should be avoided, when
possible, since they allow infiltration of sedi-
ment and washing of soil from the trench
sides into the system. This usua.lly le¢ads to
more ‘maintenance and repair work on the
pavement adjacent to the drain, and will re-
quire the additional work of cleamng the
drain pipe.

& Vertical wells. Vertical wells are
sqeuetimes constructed to permit trapped
subsurface water to pass through an imper-
vious soil or rock layer to a lower, freely
drafing layer or soil. If drainage is ob-

structed, additional wells are driven, or the -

pocket iz drained with.a latgral subdrain
system that is easily mein d. Vertical

wells are often used in northern latitudes,

where deep freezing is common, to permit
fast runoff from meltifig snow to get through

* the frozen soil 'and rdach A pervious stratum..
The bottoms of these wells are treated with

calcium chloride or a layer of hay to prevent
freezing. ) ) .

.-

"1-5. TEMPORARY DRAINAGE DURING

CONSTRUCTION

Proper consideration| of drainage during
the constructlon period
nate costly uutlal delays and future failures
due. to saturated subgrades. A careful con-
sideration of the follovnng items will aid in
maintajning satlsfactory d.r;unage during the
construction penod.

»

ill frequently elimi-
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a. Diversion and outfall djtches. Drain-
.age necessary at the site to eliminate water
which would interfere with gonstruction
operations includes excavating diversion
ditches to concentrate a}]l surface water, in
natural channels, and building outfall ditches
to drain low or swampy “spots. Such work
- i3 an initial operation and may procéed at
the same time as clearing and grubbmg
Careful consideration should also be given
to the drainage of all constfuction rpads,
equiprent areas, borrow, p1t<‘a.nd .waste
areas.

b. TUse'of existing ditches and drainage
features. Maximum use of existing ditches
and drainage features should-be made.. Where
possible, grading operatiofis should proceed

downhill, both for economical grading and’

to utilize natural drainage to the greatest
extent. Backfilling .exlstmg ditches and
dramage channels should be so scheduled age
to permit the longest possible use of these
structures Jor tempora.ry dra.mage

c. The use of tempora.ry crowning. Itis
necessary to maintain well-drained sabgrades-
and base courses at every stage of construc-
tien to prevent detrimental saturation. When
work is temporarily suspended a particular
effort should be made to remove runoff from
the site. Chit and fillsectiong must be crowned
and high shoulders must be lowered.

d. Coordmation of drainage plans. Con-
struction drainage plans should be coordi-
nated with the layout and design of final
drainage facilities to insure maximum use of

temporary drains in constructmg pernfanent

facilities.

1-6. DRAINAGE MAINTENANCE

-

The.drainage system must *be maintained
50 that it can function efficiently at all times,
~This goai can be obtained through adequat’e
maintenance inspections of - the structures,
.with' careful attention to removal of debris
and prevention of erosion, Per. )ds of .dry
weather must be utilized in improving the
‘dramage system and correcting and prevent-
ing drainage failures. Any deficiencies in the

" escape into the ditch&g/

3

original-drainage-systems layout must be cor-
rected ag.they are discovered. .

a. Surface drainage. Defective or in-

adequate drainage is responsible for mady

pavement, failures and much -deterioration.
Ponding of delayed runoff of surface water’
allows seepage unlesg=the surface is tightly-
sealed.. Areas are marked where inspection

after raing reveals pondmg surface water.

Correction is made by or raising local
depressions, by providing fadditional culvert
capacity, and by providing outlets for water
obstructed by high shoulders Penetration of
storm waters through' pavement is cqntrolled
by sealing joints and cracks.

b. Ditches and drains. Bramage ditches

+ must be kept clear of weeds, ﬁrush sediment,

and other accymulation of debris that ob-
Struct the flow of water. Ditches are main-
tained as to line and grade, and sags and
minor ‘washouts are corrected as they occur.
Unnecessary blading or cutting, which de-
s_troys natural, ground cover, is avoided in
cleaning and shapmg Dense sod is developed °
to stabilize open ditches. Wheére vegetation
is not effective Yecause of soil or moisture
conditiops, erosion may be corrected by lining
the ditch with riprap or compacted bitumi-

nous mix. Clogged drains and culvert pipes
ara opened by cleanmg out excess gediment.

Culverts whxeh have settled, heaved, or which.
have been pushed out of line are repalred or
replaced. g

., ¢ Winter maintenance. Special atten-
tion must be" given to drainage maintenance
during thaws if there are accumulatj ng of .
snow., Side ditches are cleared of snow, “and
channels are opened through snow Zecumu-
lations on the shoulders to permit water to
Every precaution is
taken to prevent melt water from ponding
on the runwiy,.on the shoulders, or in side
ditches. Culverts and dzjuns are kept free
of ice and snow. ’

1-7. SPEGIAL CONSIDERATIONS [OR ROAD
. DRAINAGE .

The basic objectives and requirements for
surface and fubsurface drainage are covered

2
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in Yvious Jparagraphs. ‘A few: additional
considerations.are presented here because of

their particular application to road drainage.
. e s &

d.” Drainagé of-road-surfaces. Surface
water is. removed from the roadbed to keep
it from,pénetrating the surface and wetting

., the siibgrade. ‘Removal of this water is ac- .

complished by the introduction of & crown

. <or of a transverse slope across the entire

roadbed width, or by supérelevationon curves.

" The amount of slope, provided by crowning

generally depends upon the type of road sur-
face. All smooth-surfaced roads are crowned
between 14 and V% inch per foot. Gravel roads
and other rough, untreated surfaces require a
crown of 1% to 3 inch perfoot- In moun-
tainous terrain, where sidehill cuts and fills
are necessary, side sloping is frequently used
instead ef crowning. This is done in order
to divert all surface water to the ditch on the
inner, or cut, side of the road, and thus pre-
vent erosion on the outer, or fill, side. Super-
elevation serves in place of crowning to take
water from the surface of the road on curves.,

.Open-tap culverts constructed of logs, timber,

or rocks may be used on steep grades where
heavy flow is expeeted down the road surfage.
They are placed at'an angle of about 60° to

“ -

-
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SECTION A-A

Figure 1-4. Lo}; Fpm-tgg culvert. e

the centerline or 30° to the Z)erpendicular of
the road. See figures 1-3 and 14, ™.

.’ b, Side Uitches. Water draining from
the roadbed surface is collected into side
ditches for disposal. These side ditches gen-
erally serve to collect water from & consider-
-able area adjacent to the road., They should
be large enough to accommodate the runoff

~both from the roadbed and -adjacent areas,
Side ditches are a potential danger to traffic.
To reduce this danger to a minimum, the
shoulders should be gonstructed as wide as

 is practicable, with a minimum width of 4
feet, and with a uniform slope toward the
ditch. If possible, the required cross-sectional
area should be obtained by constructing a
brbad, shallow trapezoidal ditch. This type
of ditch has a large capacity. Its minimum
depth below the edge of the shouder should
be 1% fdet. The mininfum practical trap-
ezoidal sectitn is 114 feet deep and 2 feet
wide at the bottom. Side slopes should not be
greater than 114 to 1 in cohesive soil, and 3
to 1 in sandy or loamy soils. When possible,
ditches should be deép enough to lower the
ground-water table under the road to below

’ 5 - 1_7 )
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the ‘subgrade elevation, and thus permit

drainage of the subgrade by seepage into the L

ditch. Where it is economically possible to
develop and maintain turfed drainage chan-
nels, the side slopes should not be steeper
than -4. horizontal to 1 vertical to facilitate

mowing and other operations incident to _

maintenance. Ditéhes with comparatively
flat side slopes must be protected by “rigid
traffic control against indiscriminate crossing
by vehicles. -

of Wherever roads intercept surface water
either in cut or fill, the water is drained to *
the fill side of the road by’ ditch-relief cul-
verts. This is done to prevent ditches from
reaching uneconomical sizes of dangerous
depths and to prevent erosion and saturation

"of subgrades by the increasing volume of
< water. On 8 percent grades, ditch-relief cul-

verts are spaced about 300 feet apart; on 5
percent grades, 500 feet apart. Earth ditch
blocks or headwalls are used to prevent the
water fromPflowing past the culvert. In deep
cuts it may be cheaper-and quicker to install
culvérts than t§ increase the width of the
excavation to provide-space for wide side
ditches. -~

d. Subsurface drainage. Subsurface
drainage is very rarely used.in military roads
eXcept where it is expedient for special local
conditions such as drainage’base courses sub-
ject to excessive satuFation, draining ground
water encountered during ‘construction, or
draining craters or frost boils during-repair
and ‘maintenance operations. An effective
method to drain the base course is to*ewt
trenches through the shoulder to the bottom
of the base course at approximately 150-foot
intervals on the low side of the subgrade, .
and backfill with pervious material. Where™
the longitudinal slope of the base is greater
than ifs transverse slope, transverse ditches
(approximately 1 foot in width and to a
depth of 1 foot below the bottom of the bdse .
course) are excavated completely across the
base course and through the low s :oulger.'
The ditches are backfilled with pervious ma-
teria) They should be placed at the low point

[

;-

c.. Ditch-relief culverts. On sidehiﬁ cuts °

. ,"
of grades and at, the 'meeting points of fill
and cut. o .

1-8.  SPECIAL*CONSIDERATIONS FOR AIRFIELD

DRAir:«A:éE. (

Basic information applicable to drainage
and draipage systems is contained in previ-
ous paragraphs. A few additibnal considera-
tigns are presgnted here because of their par-
.ticula¥ application to airfields. .

S oa. Dfaina.gb of runway and taxiway

surfaces. Pfovision must bé made for posi-
tive disposal of surface water from runway
and taxiway surfaces by shaping the cross
section to shed water to the sides. The maxi-
mum permissible transverse slope for run-
ways is normally 3 percent. For drainage

purposes, a migimum longitudinal grade of .

0.4 percent should be maintained. Maximum
and minimum grades for gunways and taxi-
ways are given in TM 5-330 and in pertinent
Air Force publications. Shallow -V-difches
~with side slopes of from 4:1 to 10:1 may be
constructed, starting at the outer edge of
the runway or taxiway shoulder. Deep
ditches produce an operating hazard and, if
used, must be located from about 100 to 175
feet from paved surfaces.

W

b. Effects of .drainage on general de-

- sign. Proper grading is thé most important
" single factor contributing to the success of

.

‘the drainage system, and the ghading and
drainage plans must be carefullg coordinated.
Although runways, taxiways, rdstands,
and aprons must be laid out to confofm to
certain basic principles and specifications,
care should-be taken in .determining the ex-
det location of these structures so as to facil-
itate drainage as much ag possible. Airfield
layout should be planned to take full advan-
tage of topography in drainjng the site, to
.utilize the ‘existing natural drainage system,
and to avoid small .hard-to-d#ain areas. The
exact location of the runway may be governed
by soil conditions, since subsurface water and
‘drainage characteristics of the soil may vary

" widely between alternative runway locations.

The two drainage factors affecting the posi-
tion of grade and centerlines are the shape

v 1-8°

el

ud

[




~t

»

\\ L2
and size of struttures required in natural’
drainage channels crossing the runway or

. taxiway, and the height of the ground-water

table. Raiging the paving grade may be nec-
essary fq (1) obtain sufficient crown, or,

transverse slope; (2) to provide a minifhum .

of 1 foot between the ground-water table or
capillary water and the bottom of the base
course in soils where subgrade drdinage is
in‘zpractical; and (3) to maintain the re-

quired minimum cover above drainage struc-
tures. Drainage considerations, in conjunc-
tion with soil conditions, also determine
whether or not the runway surface must be
mpemous. ¢

c. Erosion control Erogion control at
an airfield site is not only required to keep
.the drainage system effective- with a mini-
mum of maintenance, but also to avoid
gible hazards to operations because of dust,
Seeding and planting open channels and dirt
surfaces prevents erosion and increases sta-

bilization. Erosion control in nonuse areas,

may frequently be accomplished by terracing,

in conjunction with a well-developed turfing’
program. The terrace consists of a low,
broad-based earth levee constructed approxi-
mately parallel to the ground contours, and
designed to intercept overland flow before if.
can cause erosion, and. to conduct-it to a

suitable discharge point. TM 5-330 discusses -

the design of terraces. ~

1-9. PRELIMINARY CONSIDERATIONS FOR
DRAINAGE DESIGN ‘

a, Objective. The drainage system must
be designed to remove.all surface water ef-s
fectively from operating areas, to intercept
and dispose of surface water from adjoining
areas, andﬂ:o intercept and remove detrimen-
tal ground water. The drainagé system

should be designed to meet opgrational reg; -
_%mrements with the selected design storm
be dependent upon location, facility servedd

local conditions, and the hke

b. Type of instnllation. CQnsxderatlon
must be given to the proposed use of the

" road or airfield. If the road or airfield is to

be used for only a short period of tlme, such

‘£¢

N

’
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as one or'two weeks, hasty design proce-
dures would probably be used. However, if
improvement or expansion is antigipated
after the original operational requirements
are met, drainage should be designed so that
any . future construction-does not overload
ditches, culverty, and other drainage facili-
ties. When all-weather operation is required,
the drainage problems are more difficult

if the'Yodd or airfield is to be uséd only d
ing certain periods. )

c. Engineer resources. The availability
of engineer resources is an important pre-
liminary consideration. Heavy equipment,
such as dozers, graders, scrapers, and power
shovels, is commonly used on drginage proj-
ects. Where unskilled labor is available in
large quantities, together with the necessary
hand tools, much work can be done by hand.
Provision must be made for the proper use
of all available materials necessary for cul-
verts, ditch lining, bridges, drains, and re-
taining walls. '

1-10. BASIC INFORMATION AND DATA
REQUIRED' p

- Before any design can be undertaken, cer-
tain basic information must be available. The

- amount required, of course, varies with the

complexity of the design.

“d. 'Topographlc data. ®he best available
topographic map should be utilized for lay-
ing out drainage facilities because the topog-
raphy greatly influences the rate of runoff,
and largely determines the number and size

of the drainage structures required to drain
a given area. Contour maps or aerial photo-,

-

graphs of the road or airfield site and the’
. land adjacent to it should show al] natural

watercourses. If possible, contributing areas

-should be defined or their areas indicated on -

the largest-scale map that can be obtained.

b, Precipitation data. Because the max-
imum rate at which rain falls is one of the
most important factors to be estimated "as
a basis for drainage design, all possible rain-
fall data, such as frequency, intensity, and
duration of storms, should be considered to
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aid in the determmatmq of this rate Rates -

of preclpltatlon vary conside ly between
different areas on the same/continent (see
- fig 2-5, lesgon 2, world isohybtal map); rain-

* fall data for the locahty being considered is of
primary meortance in designing a drainage
system that will insure prompt removal of ¢
surface water and positive control of ground
water. Ordinarily the most intense rain.-
storms that occur in a localited area are
short, inténse storms such as thunderstorms. *
It is common practice to design storm drains
to provide for disposal of runoff from rain-
fall havmg certain average recurrence inter-
vals or frequency of octirrence. The rainfall
intensity, corresponding to a pa.rti ar fre-
quency of occurrence varies appreciably with
the duration of the rainfall, the average rate
for a period of 5 ‘minutes usually being sev-
eral times higher than the average for a
penod of-1 hour. ‘A study of rainfall inten-
large number of

. weather stahons md1 tes that there are

average mtenmty 0 rainfall for a period of
.1 hour and the average rates of comparable
frequency for shorter intervals, regardless:
of the geographlcal location of the stations
or frequency of 1-hour rainfall. Consequently
standard curves may be developed to express
. the rainfall “intensity-duration” relation-
* ships, with an acguracy satisfactory for road
and airfigld dramage problem§ (fig 1-5). "

-Inﬁltration. The term infiltration re-
fers to the . absorption of rainfall by -the
ground during a rain storm, The mﬁltratlon
capacity, or 4bility of a soil to absorb pre-
cipitation, normally decreases as the duratioft

of rainfall increases, until a fairly deﬁmte

absorption rate is reached, Variations in the )
state of compaction, scil-moisture deﬁclenmes
at the beginning of rainfall, and the elevation
of the ground-water table may greatly in-
fluencé the infiltration tapacity of a partic-
ular soil. .

d. Temperature and frost data. Tem- .
perature and frost data, with particular at- :
tention t to maximum depth of frost penetra- ;
tlon should be ascertamed

LN
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. materials should be procured.

e. Soil and ground-water.data. Soil ax;d
ground-water data should be obtamed from,
a soil survey.

£’ Other data. The necessary charts, L
graphs, and tables for the design of the vari-
ous types and-sizes of. culvert construction

1-11. 'DRAINAGE RECONNAISSANCE
A ground reconnaissance should provide

much additional information beyond that .

mentioned in the preceding paragraph. Siich
a reconnaissance ig “desirable becau.se many
conditions -that affect,drainage ‘ean be ob-- * |
served only by visiting the site. In’ many
places, gullies and other drainage “paths in-
dicate the effects of previous rainfall. Pud-
dles, soggy earth, and aquatic-plant growth
all md1cate that, for at least a portion of the

" year, the natural drainage is inadequate for

construction work. Dry and cracked earth

is a sign of loss of water through evaporation -
and may indicate an impervious subsoil and
inadequate subsurface drdinage. AdJacent
streams should be studied, to determine -the -
probability of floods: and to determine, the
drainage outfall elevation. Similarly, in .
coastal areas, the elevation of high tide -~ ..
should be noted to detérmihe the drainage
outfall elevation and possible overflow.
Sprmgs, quicksand, seepage from steep
banks, and other indicators of high ground-
water levels should be looked for. The type,
density, and extent of surface cover should

be noted, since the presence or ‘absence of
vegetation greatly influences runoff. ch!rac-
tenstms of the area.

1-12. GENERAI. PROCEDURE IN DRAINAGE -
DESIGN {an

Preliminary consideration of . the type of
installation-required, the engineer resources
available, and the amount and reliability of
the data collected determines the degree of
design necessary. The following steps are es-
sential in the design procedure.

a. A very close study of a topographlc
map is made to identify the areas that may .

» (3
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contribute surface or subsurface flow to the

.construction site. The directions of all natu-

ral and subsurface flow, to and from the 4ite,
are determined. If a ground reconnaissance
has not been made previously,-one ghould be
made to confirm this map study. =

b. - The proposed construction is then
laid out on the largest-scale map or aerial
photogrdph obtainable. Special attention is
given to the utilization of natural drainage
channels, .

~

"¢ In the case of ro#ds, a ' proposed °

grade and ground profile is then prepared:
In the case of airfields, a working drainage
drawing is made showing the layout and the
tentative finished grading by means of con-
tours. Drainage areas are .outlined on ‘the

map, and their size obtained by scaling or

planimetering.

d. The design discharge from each
drainage area is determined, as' described in
lesson 2. Required sizes of channels, pipes,
and culverts at critical points in the drainage
system are then determined as outlined in
the same lesson. Frequently, it will be neces-
sary to make several drainage layouts before
the most zconomical system, with a proper
balance between grading, surface drainage,
and subsurface drainage, can be selected.

1-13. DESIGN STORM

The désign storm is that storm which may
be expected to be equaled or exceeded on an
aversge of one time during the design period.

8. The term “design-storm criteria” re-
fers to the rainfall intensity-duration curve
adopted as a basis of design for determining
the capacity of drainage facilities for a par-
ticular area. The rainfall intensity-duration
curves represent average rates of rainfall for
various durations that have the same hyerage
frequency of otcurrence. Such intensity-du-
rdtion curves are computed from data for a
number of storms; consequently, all of the
intensities represented by a particular curve
may not. be expected in the same sform—at
least not with the frequency indicated,

1-—-12
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b. Drainage for military constritction
should be based on a 2-year design storm
frequency, unless exceptional circumstances
require greater protection,

" & The rainfall intensity-duration value
required to produce the maximum drain-inlet
discharge corresponding to a given, design
storm criterion, taking into consideration all’
drainage area characteristics and ponding
effects, is referred to as the “design storm-
rainfall”, To simplify the.preparation of

. Beneralized diagrams for estimating drain-

inlet capacities required under various con-
ditions for design storm runoff, rainfall is
assumed to follow the standard rainfall-dura
tion curve shown in figure 1-5. : d

d. The design-sto'rm frequency serves
as an index to the average frequehcy with

* which some portions or all of the storm-drain

system will be taxed to capacity. The selec-
tion of the design storm -frequency for a
particglar project must be based primarily
upon judgment, with consideration of the pur-
Pose and importance of ‘the given road or

- airfield and such economic and engineering

limitations as may exiit. The duration of
rainfall required to produce the maximum
rate of runoff will depend primarily tipon the
length of overland flow, taking into account
surface detention, roughness factor, .and
other surface-runoff characteristics.

e. The design-storm frequency alone is °
not a reliable criterion of the adequacy” of
storm-drain facilities. In many instances,
storms appreciably more severe than the de-
sign storm may cause very little damage or
inconvenience, wheréas, in other cases, flood-
ing of important areas may result. It is gen-
erally advisable to investigate the probable""
consequences of storms more gevere and. less
frequent then the design storm, before mak-
ing a final decision regarding the adequacy

‘of drain-inlet capacities.

1-14. CONSIDERATIONS FOR SUBSURFACE
DRAINAGE ,

One of the first considerations of the engi-
neering officer should be the selection of a

]
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construction site which eliminates or mini-

' mizes the-need for surface and subsurface
drainage. If it is unposmble or 15Lpractlcable
‘to locate such a site, then one of the most
important features of the design of a road-
way or an airfield ig the proper incorporation
of & subsurface drainage ‘system in<the over-
all plan. The Highway Research -Board has

given the opinion that the majority of sur- .

face failures can be.attributéd to faulty, sub-
surface drainage. Although the pavement
protects the¥base to-some extent from direct
. infiltration® of water, it is possible  for water

to reach the base indirectly from less pro-

tected surface areas. It is the purpose of a
well-designed drainage system to intercept
this flow of water before it reaches a partic-
ular area, or to lower the water table, once
the water .has infiltrated into the soil.

1-15. RELATIONSHIP TO GRADING ‘

The pyoblems relating to subsurface drain-
age may best be handled when construction

operations on'a road or airfield are initiated

because grading operations necessary for
good drainage may be combined with grading
operations necessary fdr the primary con-
struction, The importance of the relationship
of proper grading to good drainage cannot
be overemphasized. -,

1-16.  SOIL CHARACTERISTICS
The dzagree to” which drainage becomes a

problem depends to a large extent upon the

" characteristics of the soil where the con-
struction is undertaken. Soils may be divided
into thrs.e general groups as to their drain-
age charactenstlcs

"W Well-draining Well- drammg soils
such as clean sands or gravels, may be drain-
ed by the use of a gravity system. In road
and airfield construction open ditches may be
used to intercept and carry away water that
comes from the surrounding areas. In gen-

eral, if the ground-ﬁa{e}r table around the

1

site of a constructiom project is controlled
in these soils, it will be ontrolled unler the
© gite, also.

SN2
b, Poor—draming Poorly drained 'soils
include organic and inorganic fine sands and
silts and coarse-grained soils containing an
excess of nonplastlc fines. In general, the
flow of water in such soils is impeded by their
characteristic density. It may be quite dif-
ficult to lower the water table in such soils

by the use of a gravity system alone. In cer-
tain cases, a system consisting of closely
spaced perforated-pipe drains may prove ef-
fective.. Another solution for a drainage con- . ’
dition of this type is to replace the relatively-
impervious seil with a pervious well-draining,
type. This is- the -best solution if the poor- *
draining soil is surrounded by a well-draining

* soil since this condition, if uncorrected, is

very conducive to differential frost heave. o

EO ¢. Impervious éoﬂs Impervious: goils
are fine-grained, homogenous, plastic soils-

- and coarse-grained soils cohtaining plastic

fineg. Subsurface drainage is so slow: in these
soils that it is of little value in controlling
their moisture content. Any drainage pro-
cess in such soils may be difficult and expen-~ ~ - )
sive. The best means of securing adequate
drainage would be to replace the im ious

soil with a good pervious soil.
* 1-17. DESTRUCTIVE EFFECTS OF Fnosré‘pu

In certain climates where the air tempera- .

ture may reach or go below the freezing point
of water the combination of a high water
table and poorly drained soils may result in
frost heave or frost boil. These usually have
a very injurious effect on any wearing sur-
face, the extent of which depends upon
whether uniform or differential heaving oe-
curs. :

I3

1-18. UNIFORM HEAVE -

Uniform frost heaving occurs if both the
soil chardcteristics and the pavmg charactey
istics are the same over the area in questidn.

It is necessary that conditions be.similar
throughout the area in order that the frebz.
ing process proceed u';’formly. Although the
groun&leve,l may displace upward, the dis-
placement is the same over the entire area i’

1518 « .
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" hence no destructive eracks are caused by
tmequal displacement of adjoining sections.

1-19. DIFFERENTIAL HEAVE . ,

Differential frost heavirg, on the other
- hand, occurs when subsoil conditions are not
uniform throughout the area, with the result
that one section freezes and expands before,
or' to.a greater extent than, an adjoining
section does. Such differential movement can
break up rigid pavements and cause serious
harm to flexible pavements when coupled

{with the. thawing process. Figures 1.8 and
1-7 shoy the differential frost heave
on rigid.and flexible pavements.

120 KINDS OF THAWING

" When the subgrade starts to thaw, the
damage which results is dépendent almost
entirely upon the kind of thawing, since, de-

Figure'—z-d. Effect of fro.;t heave on 1?g£d
pavement.

Eo
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.above it and' remains there

pending upon weather conditions, thawing
may proceed in three ways:

a. Thawing from the tt_)p down. This -

occurs when the air temperature suddenly
riseg from below the freezing point to well
or some time;
This type of thawing causes a Yifficult prob-
lem because the frozen layer below the thaw-
mg zone is impervious and represents a bar-
rier through which the water com@g‘ from
the top cannot pass“Since the soil “beneath
the pavement is in a supersaturatedustate it
provides little support for the road surface
and the repeated action of heavy wheel loads

causes deflection of the pavement that dis-~

places the soil particles and- water chrectly

If this continues, a void is formed under the
pavement and failure ultimately occurs by

cracking of the surface. The problem is .
- particularly serious in soils of a silt or clay

nature since they are inherently unstable if
saturated. The best method of preventing
this type of failure is to remove all silt and.
clay material in the. base and subgrade dur-
ing construction and replace it with a good
pervious material, so that the water table is
lowered well below the base course.

Fzgure 1- 7 "Effect ‘of frost heave on ﬂe:cible
pavement

-
v

.

beneath the pavement, This is what is kﬂov.?/\’\/
- as “pumping’:, and is pictured in figure 1

3
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Figur® 1-8. Pavement subjected to pumping.

" b. Thawing from the bottom up. Thaw-
ing may also proceed from the bottom up
in the event that the afr temperature riges
to just below the freezing point and remains
theére for some time. In this event, the mate-
rial closest to the surface will remain frozen
while the deeper material will thaw as a
result of the transference of heat from the

.interior of the earth. In the case of an air-

field or in highway maintenance, this is a

. ¥ery desirable conditior since the water that

is released has a ready and convenient route
downward to the water table. If thawing

_ proceeds in this manner, there ig little ten-

dency for a reduction of subgrade stability
to occur.

¢. Thawing from both top and bottom.
When the air-temperature remains barely
above the freezing point for"just long enocugh,
a relatively trouble-free thawing process
occurs both from the top down and from the

- bottom up. The melt water resulting from the

thawing of the bottom portions of the frozen
layer is disposed of as described in b above,
The melt water resulting from the thawing

v -

. 2 0

of the top layers is not so excessive in quan-
tity that surface runoff cannot handle it sat-
isfactorily. ‘Usually, much of the melt water
from the top is dissipated satisfactorily by
evaporation into the air. Irecertain soils and
under certain conditions, however, thawing
of this nature can produce a most difficult
condition, referred to as a frost boil. When
the air temperature remains barely above
freezing for a prolonged period of time, thaw-
ing from the bettom upward progeeds much
more rapidly than from the top downward. -
While in most soils this would not be undesir-
able, it can become so in plastlc soils such as
clays. The excess water developed by the_
melting of the ice layers cannot be d1ssxpated
by this soil rapidly enough, and a semiliquide
unstable mud layer develops. As long as this
mud is trapped beneath a substantial frozen

.layer, no difficulty exists. But as the frozen

layer decreases in thickness it becomes too
thin to bear traffic stresses and breaks in
spots. The very unstable mud then oozes
through the breaks. This supersaturated,
semiliquid soil is incapable. of mthstandmg
any appreciable load.

e

5 .
-1-21. SOURCES OF FROST-ACTION WATER

There are three principal sources-of water
(illustrated in fig 1-9) that will provide an
adequate supply for the frost‘achon prpcess:

a. A h!gh water table which is 5 feet
or less below the finished grade line.

b. A capillary supply from an ad301mng
water table. This is particularly a problem in
silty soils which have a high eapillary rate.
Clays have a rather low capillary rate so that
frost heaving is not as severe as in silts al-
though thawing problems are greater than in
silts.

¢. A saturated condition of 'ﬁne-grained
soils at or below the freezing stratum. Frost
action is usially most severe in soils with a
high moisture content.
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Figure 1-9. Sources of g'water for the frost-action process.
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Note: The followmg exercises are study

= - aids, The figures following each question re-
fer to a paragraph containing information

. related to the question. Write your answer

in the space helow the quegtion. When you
o bave finished answering all the questions for
B . - this lesson, compare yoiur-answers with those

given for, this lesson in bgek of this booklet.

Do not send in your solutions to these review

. 1. When comménéizfg work on a’ construc-

- tion project, whit should be accomplished by
R the first work that is done" (1~1) :

. 2. What fac;:'or determines ‘whether drain-

age is to be classified as surface drainage or

subsurface drainage? (1-2)

& Lo =

8. What'is the simplest, cheapest, and most

22

' REVIEW EXERCISES ~

4. What .is the principal differenqe in the
layout of a storm-drainage system and a san-
itary system layout? (1-3d)

’

@

5. What are the four tipes of structures
most commonly used in military construction
for the control of ground water? (1-4)

-

6. When work on a road or airfield construc-
tion project must be temporarily suspended,
what action should be taken with regard to
drainage? (1-5¢)

7. How much crown is required.n a gravel

) - . efficient method for handhng surface water? road to insure runoff of surface water before
, (1-3¢) . it can penetrate and wet the subgrade?
' . - (1-Ta) ~
- . - \ . -
rd '. ;-' w‘
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8. What is the most mportant factor wmch
will contribute to the siceess of” an .airfield

drainage system? (1-8b) .

. 9. Under what conditions would hasty de- -
- s1gn procedures probably be used in the de-
sign of a road or airfield? (1-8b)_

.

je \.... .

10. What basic mformauon is considered to
be of primary 1mportance i designing a
drainage system that will insure prompt re-

moval of surface water ahd positive control

of ground water? (1:10b)
“) . - ;5

- 11, What are three variable conditiong of
a particular soil which would influence that

«  soil's capacity to absorb precipitation?
(1-10¢c)

.« By

’

12 If, on a ground reconnaissance you ob-
serve an area of dry and cracked earth, what
would this condition indicate tb you? (1-11)-

i

13. What are the necessary considerations
in determining the degree of design necessary
for a gpecific drainage system? (1-12)

\z/- e

. 14. What is the definition of a design storm
upon which the design for a drainage system
is based? (1-13)

-~ . -

15. Under normal conditions, what is the de-
sign storm frequency used for military con-
struction? (1-13b) a .

- 3




, 16. What are the prmcipal factors that de- 19, What s the most likely effect that thaw-
I termine the duration of rainfall required to-  ing of a subgrade from the top down may °*

produce the maximum rate of runoff? (1-13d) have upon a paved surface above that sub-
) grade? (1-203)

17. During the process of constructing a”™ ° .
road or airfield, what is the besat time to tdke 20, When the air temperature just above a
. “care of subsurface drainage problems? (1-15) frozen subgrade raises to just below the .
b .- : . freezing point and-remains there for some
time, what happens to subgrade stability?
) ) . .7 (1-20b) .

[ - - - . - '

18. What is the characteristic of soils which
. are made up of organic and inorganic fine

sands, silts, and coarse-grained soils contain- ' A : .
ing an excess of nonplastic fines, which is of . '
! concern in drainagef (1-16b)
., - *
§: - A
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I.ESSON ‘.

SURFACE RUNOFF (Husty and Ruhonul Methods)

CREDIT HOURS ____ . _______._4

TEXT- ASSIGNMENT _

MATERIALS REQUIRED
LESSON OBJECTIVE —______ ____:

SUGGESTIONS ____

Attached memorandum.
JAnnex A.
To teach yob how to caleulate surface runoff.

~

Read the attached memorandum through

rapidly to obtain a knowledge of its scope.
Then read it through carefully, underlining
the’ important points and objectives. Read
the review questions at the end of the les-
son. Study the lesson, searching for an-

" swers to the review questions, and write

your answers in the spaces provided.

“\ Finally, check your answers with the an-

swers given for this lesson at the back of

'4/ _ , this bdokl.ef Review as necessary. _
- ATTACHED MEMO_RANE)UM ~
Secﬁ,on~ I. INTRODUCTION T
' GENERAL . in the field shod{d receive benefit of 1‘:he most

- There are several methods that may be
used to determing.the amount of runoff from
angena;-ea,a.ndthesizeofdramagestruc-
ture(s) required. Methody range from hasty
to deliberate. The method used will depend
upon time available, importance of the struc-
ture being protected, and the length of time
it will' be used. This lesson will cover the
Hasty Method which is a rapid, field method
for estimating the size of a drainage opening
required, and the Rational Method which is
a deliberate method used for calculating the
quantity of runoff from a given area to cul-
vert or other point of interest. The subject
of drainage is higmomphcated and is
sometimes controve Drainage problems

=

experienced and the best engineering' judg-
ment available.

2-2. FACTORS INFLUENCING RUNOFF

Before going into the methods for calculat-
ing requirements for drainage structures, it
may be well to consider some of the factors
involved, other than rainfall.

2. There are many factors which affect
the rate and quantity of surfase runoff. The
size, shape, and slope of the drainage area

- are the most important.

b. The first.step in determining the size
of a drainage area is an analysis of the flow
pattern of the water in the general vicinity.

2—1
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_‘and the outline of the drainage
drawn.

AL,
From this analysis the actual area contribut-

ing runoff to the drainage_ outlet E‘ltei.pparent
can be

¢. The process of marking this drain-
age area boundary or divide'on a map is
known ag delineation. Usually a divide will
follow ridges and high points on saddles. The
outlining of a drainage area is best accom-
plished on a topographical map which has a
scale of 1 inch equals 200 feet (1:2400) or

' larger, and which shows the final proposed '

layout ghd contours. .
d. The size of an area affects runoff in

'twoways First, a. large area will have a

longer period of time over which runoff will
oceur, and the peak runoff rate will be less

‘per acre. than for a smaller area, assuming

that the total runoff Jer acre remains the
same, Secondly, the maximum intensity of
rainfall for a given frequency varies inversely

. with the area covered by the storm, thus

lowering the peak runoff.

e, Theshape of a drainage area governs
the rate of runoff because it controls the

length of overland flow.

f. The average slope (S) of a drainage
area controls the time (T) of overland. flow.
As the average slope of an area increases, the
time of overland flow decreases, and the rate
of runoff increases, .

g Areas are classified ag either simple
areas or complex areas. A simple area has

-

80 percent or more of its total area covered. -

by one type surface (turf, concrete, etc.). A
complex area has two or more types of sur-
face, but no one type of surface amounts to
as much as 80 percent of the total area,,

h. The drainage area may be subdivided
by lines which separate overland flow repre-
sentative of one portion of the area from the
overland flow representatwe of other portions
of the area. Areas thus delineated are known
a8 subareas.

1. When the outflow of an,area, either
simple or complex, contributes to the outflow
of another area, either simple or complex, the

B -,
total outflow is conszdered as runoff from suo-
cessive areas,

§. “Distances are scaled from a thap,
grading plan; or drainage-layout drawing,
Slopes are estimated by methods taught in
basic map reading. Exercises in this sub-

_course will be based upon the average slope -
) “for the. path of flow being investigated. If a

pomt is located betweedytwo contours, esti-
mate its elevation by interpolation. Deter-
mine the difference in elevation between the
two points, scale the distance of low (DOF),

and calculate the average slope. In determin- . '

ing the slope of a ditch where culvert invert
elevations are given, assume that a uniform
ditch glope exists between the culverts. The
invert elevation is the elevation of the lowest
point of the inside penmeter at the end-of the
culvert.

k. A path of flow is the route that sur-

" face runoff will follow to the area outlet. Run-

off will low from higher elevation to lower
elevation in a directjon perpendicular tosthe

contours. Generally there are 80 many possi-’

ble paths of flow that it would be impractical
to consider all of them; therefore, paths of
flow are selected on the basis of*being most
representative in length and slope of all the
paths of flow occurring in the area or sub-

area.” The number ‘of representative paths of

flow from the subareasg should be selected in

proportion to the size of the subarea with .

respect to the total area.

L There are three general types of flow
to be considered: sheet flow, channelized
flow, and ditch flow. Sheet flow is water that
flows at a more or less equal depth in a
blanket across a uniform or nearly uniform
surface such as a grassed field, surfaced road,
runway, parking area, or roof. As’a general
‘ rule water begins to channelize or collect into
difch-like flow when it flows across surfaces
not protected by paving or structures de-
signed specifically for erosion prevention duch
as plowed contours and terraces. Except in
the cases where channelization is specifically
prevented, sheet flow should be expected to
become’ channelized flow after a distance of
not over 400 feet in very flat, smooth terrain

2—-2 P
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and much sooner in rough, steep terrain. If are dissimilar, but available data indicates
reconnaissance can not be made, 200 feet may that the retardance values in table 2-1 are

be used as an average length of ‘sheet flow. approximately representative of most sur-

. : . X faces encountered,

m. The length, designatéd by the sym- ! 9
bol “L, of sheet flow is the horizpntal dis- TABLE 2-1. Retardance Coefficients
tance measured along the representative path . .
of sheet flow from the area divide to the be- Type of Surface - “pn
ginning of channelized flow or ditch flow. N
Channelized flow and ditch flow lengths are - Smooth Pavement 0.02
horizontal distances measured along their re- Ditches .0.02
spective paths of flow. Compacted Gravel Surfaces " 0.08
/' n. Retardance, daié;nated by the sym- Bare Surfaced’ . 0.

~bol “n”, is the term used to designate tﬁé‘% Channelized Flow from ut
. resistance to sheet, channelized, and dit Kverage Grass Cover 0.2
flow. caused by various surface conditidns S a Co ' 0.2
such as vegetation, surface, and alignment parse Lrass Lover ’
in the path of flow. The factors that deter« Average Grass Cover 0.4

mine the “n” for the different types of flow, Dense Grass Cover ] 0.8

N ’
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“Section jl. THE HASTY METHOD

2-3. HASTY METHOD OF DETERMINING 2-4. EXAMPLE

RUNCFF . .
What is the required structure area for a

Compute the cross-sectional area of the stream that has the following characteristics:
ditcH or gully in which the culvert or drain- width of stream bottom, 4 feet; depth at high-
age structure is to be, built, using the high- water mark, 3, feet; width at high-water
water mark to determine the height and the mark, 6 feet. .

position of thelupper.width. To find the cross-. . Ch , _ 4 + 8) 1 :ft
sectional area yequired for the drainage struc- annel area = ——— X 3 =1 8q
. ture, double-the cross-sectional area of the . :
channel (fig 2-1). : Structure area = 2 X 15 = 30 sq ft .
( a. From the above problem it can be
Channel area = M h

seen that a culvert insta/l]ed at this point in
the stream must have & minimum cross-sec-
tional area of 30 sq ft. ’ ;

b, This method does not éirectly(take
into account the sizé, shape, and slope of the
by bottom width in feet . area, surface vegetation, condition of the soil,

or rainfall intensity, but, instead, gpes to the
b outlet conditions for the estimating factor.
h = vertical distance between upper and This hasty calculation is used only when time
lower width in feet does not permit a more exact method.

2
Structure area = 2 times channel area or
(b, + b) h; where ) .

§

upper width in feet

N t - 238




. N - S

HIGH WATER MARK—Rgr—r————

. .o . .
- B T N

§

Section l!l:_

' z-s. PURPOSE

The rational method is used to determine
the runoff that can be expected from a given
area. To use it effectively requires a study of

soil, vegetation and the hydrology of the
area, It will be the purpose of this section to
discuss in detail, the rational method and its:

- variable parts, and the use of the method in
determining the. runoff from different types
‘of drainage areas. . .

26, RATIONAL METHOD

-a. The rational method utilizes the em-
piriedl equation: -

. Q = CIA
where:

Q = Runoff from a gzven drainage area
in cubic feet per second (cfs)

Cc = Coeficient representing the- ratxo of
-7 -runoff to rainfall..

. I = Intensity of rainfall in inches per
hour of the storm generating maxi-
* mum runoff. , .

A.= Drainage area in acres.

- b.
sion of the
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Figure 2.1. Ditch 3:ect£on.

many variables such as the terrain, slopee?;\

sumptions for use. Before discus- -
uation and its variable parts,

3

THE RATIONAL METHOD

the following Basic assumptions must be
stated:

(1) Entire drginage area 1s contnbut-
ing to the runoff.

e (2) Rainfall intensity is maximum
and ‘equal over the drainage area. .

(8) The area has a reglar shape.

(4) The use of the method is limited
to areas not exceeding 3,000 acres.

y (5) The area has homogeneous soil
type and vegetative cover. In the event this
is not so, further assumptions are made as
follows '

(a) Simple area — One type of soil
and cover predominates in 80% or more of
the.aresa.

(b) Complex area — One that -is
composed of two or more different soil types,
cover, or ma.n-made areas, no one of which
conshtutes 80% or more of the area.

2.7. RUNOFF COEFFICIENT C

It'is known that when it rains some of the
rainfall ig “lost” due to infiltration, evaporx-
tion-and interception. As a result of these
losses all of the ram f g on & given area
does not run off. The “C” value used in the




rational method expresses as a ratio the per-
centage of rainfall that is expected to run off
Expressed mathematically the value'of “C¥

is the ratxo of runoff to rainfall or Runoﬁ

a. Basic “on. value.

(1) The basic value of “C” is taken.

from table 2-2. For example, review of the
table shows that asphalt has a “C" value of
.80 - .95. What is implied is that 80 - 95% of
the rain that falls on an asphalt surface will
run off. From the type of material this is
what would be efpected. Consider the rain-
fall runoff from.a beach sand. It is very
small, if any, due to the-beach sand being a
pervious material. From table 2-2, it is found
that the “C” value for & pervious soil is 0.01
t0 0.10. This means‘that only 1 to 10% of the
rainfall on a pervious soil will run off and
that 90 to 99% will be lost. The lossmpn-
manly due to infiltration.

" (2) In table 2-2 there are oniy

general types of soil listed, ‘“‘pervious”,-

“shght].y .pervious”, and ‘“impervious”, each
given a8 “C” value range with and Without
cover. In order to correlate these basic soil
types with soils defined and classified under
the Unified Soil Classification System (USCS)

table 2-3, wieh is an extract of 8 USCH,soil

characteristics table, has been included here.
The three general goil types as shown in table
2-2 correspond, in drainage characteristics,
to soils in table 2-3 as follows:

Pervious ____ ... Excelleut

Slightly pervious ....Fair to poor

Imperviou§ ... Poor to practically
. impervious

A GW goil has excellent drainage character-
istics, which means it is very porous. A GM,
soil has poor to practically impervious char-
acteristics, which means it'is impervious.

(8) The values in table 2-2 for the dif-
fering soil descriptions are specified with and
without turf (vegetation). Note the differ-
ence between the C values for a soil type with
and without turf. The “with turf” C values

29

are lower, indicating more loss and less run-
off. This is caused by the turf retarding the
flow, and thereby allowing more time for the
water to infiltrate into the soil.’

(4) With reference to table 2-2 it will
be noted that for each type of material the
C.value has upper and lower limits. Judg-
ment, achieved by field experience, will deter-
mine the C value to use in the calculations.
Until this experience is achieved it is recom- -
mended that the higher limit be used.

b. Corrected “C” value. v

(1) In the use of table 2-2 it will be
noted that asterisks (*) are placed after each
surface type except woods and the man-made
surfaces. The footnote to table 2-2 requires
that for these surfaces the “C” value be ad-
Jjusted for slopes greater than 2%. Expressed
mathematically the correction is
(S.ygm b 2) 0.01 + C.med = Ccorrected
Where: |~

Savernge = Average slope of the area
Casumea = Table value at “C”

Ceorrectea = “C” corrected for slope -

. The reason for the correction is that as the

ground slope increases the rainfall runoff
will flow at a faster rate over the ground sur-
face. The effect of this speedup is to reduce’_
the time available for the water to infiltrate
into the soil. The reduction of this loss, due
to infiltration, will increase the amount of
runoff, thereby increasing the ratio of runoff
to rainfall. This in effect will cause an increase
in the value of “C".

2) THe surface slopes w1thm the area
will, as previously described, have an effect
upon the value of C. Since the losses that

[N

. occur take place over thesentire area, it will

be necessary to determine an average slope

.representing the entire area. In order that

the average slope will be representative of
the area, care shourld be taken to make cer-

_tain that the slopes selected will represent

approximately equal areas. Since the loss
effect is a function of surfaces, the slopes of
channels or ditches are not to be considered. -

. . , 2—5
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. </ “TABLE 2-2. Surface Runoff Coeﬂ‘icie'nta\ ;-;u
TYPES OF SURFACE . * . FACTOR (c)
N .Asphalt pavements . . 0.80 to 0.95
. Concfete pavements . ' . 0.70 60.90
Gravel or macadam pavement\. - 0.35 to 0.70
. Impervious soils* 0.40 to 0.65
\/' - Impervious soils with turf# 0.30 to 0.55
. Slightly oervious soils*‘ : - 0.15 to 0.40
Slightly pervious soils with turf* PR 0.10 to 0.30
Perv{ous soils* . ' 0.01 to 0.10
Wooded areas 0,01 to 0.20
(depending on surface slope and soil cover) . '

”, ®
.

*For slopes from 1 to 2 percent.

NO‘I’E The flgu.res given are for comparatlvely level ground. For.
St , » slopes greater than 2%, the factor should ge increased by
' '0.01 for every 1 percent of slope, up to a maximum C of 1.0.

” »

Use of "C" Value Table

N—

2. Correlate terminology with terms used ih "C" value table
~ (Terms correlated in paragraph 2-7a(2)). s

. Locate the soil and/or cover type i thé left column of tabled
2-2. Read the highest value of the range listed in the
column at the right for that type: of soil and/or cover,

- L. This is the "C".assumed value. For slopes greater than 2%
* those values marked with an &sterisk (%) must be correcfeéd .

using the following( formula: - ) ,',,_f:, -
(s average ~2) 0.01 # C ,gsumed = Ccorrected
2—6
b
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\_\ . TABLE 2:3. USCS Soil Characteristics (Extract)
- ' ]
| , MAJOR DIVISIONS ~ | LETTER DRATNAGE CHARACTERISTICS
: | (1) @) - |3 G R
GW.. ’ Excellent
¥ >
. GP - Excellent
Gravel \ '
and N :d ¢ Fair to Poor
Coarse Gravelly - \({Mi"'"‘"'"""'“ ''''''''''
N Soils. \ & | Poor to Practically Impervious
Grained ) GC ' | Poor to Practically Impervious
Soils . . SW Excellent
SP Excellent
Sand ‘d Fair to Poor - N A
and SM 'f i et —-=-
Sandy ju | Poor to Practically Impervious
Soils : .
SC Poor to Pnaé;ically Impervious
_ ’ . ML " Fair to Poor -
. Silts O ‘ —
. and, - |- CL Practically Impervious -
) *Clays” .
Fine . LL<L50 - OL Poor
" Grained ] . ’
i .. MH Fair to Poor
) Soils Silts : - .
and CH Practically Impervious
Clays T —
LL >50 | OH ¥ "Practically Impervious
s s | ]
i
A

Highly Organic Soils Pt ' Fair to Poor
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c. Weighted “C’ value.

(1) One of.the assumptions made in

" the rationgl method is that there is homo-

geneous soil type and cover throughout the
area. In many cases, the area will comprise

combinations of goil types and cover and even .

include man-made structures. In these cases
it would be impossible to determine a single
value of C to use in the rational equation. It
in such cases to use some
technique to determine a C value to regfesent

the area. To do this it must be determined

if the area is simple or complex. If one type
of cover and soil predominates in 80% or
more of the area it is a “simple” area and the
“C” value for that particular soil and/or
cover type controls. In the event no one type
of cover or soil predominates in 80% of the
area, it is a complex area and the “C” value
must be weighted. In this case a mathemati-

cal proportion of the subareas and their -

respective “C" values must be made.

- ) It should be noted that before the
“C” value I8 weighted the “C” value assumed
for each subarea must be corrected for slope.
The correction for slope will be made if the

2%.

(8) The weighting of the “C” value
is accomplished by multiplying the corrected
“C” value by the subarea that is affected by
that. “g” value, summing the products and
dividing by the total area. Expressed math-
ematically the formula is:

= CiAi—+CiAgz C,A, =

o T2
e A+ A; + Ay —

*Furthermore if the area is considered com-

plex, each sybarea and its respective “C”
value must be included i in the weighting pro-

average slope of the subarea is greater than

»

Also, paragraph 110, lesson 1, should’ be
reviewed for the intensity duration relation-
ships of rainstorms,

1 Usmg the above referenced as-
sumptions and intensity duration Felation-
ships developed, it ‘will be found that for a
given area only one particular storm will give
a maximum discharge (Q). This particular
storm is the one that raing over the entire
area being drained for a period of time just
long enough for the runoff from all segmeﬁts

" of the area to reach the outlet at the same

time. This time is called the area time of
concentration, or TOC. A storm of shorter
duration than this area'TOC would not last
long enough for the runoff from the more
distant segments .of the area to reach the
outlet together with runoff from segments
near the outlet. Therefore, the runoff would
not be maximum,

(2) With reference to Figure 2-2 it
will be noted that all the area below the
10-minute line will drain in 10 minutes or

¥ less. Runoff from the area between the 10

cess. This is done no matter what percentage™

of the total area the subarea represents.

2-8. INTENSITY — —

a, Prior to the study of this pardgraph -

it will be necessary to review the assumptions
made in paragraph 2-6(b) of this lesson.

and 20-minute line will reach the outlet in
not less than 10 minutes but will have-drained
in not more than 20 minutes, Similarly the
runoff from ‘the arel betw

minute line will reach the -stitlet in not less

‘than 20 nor more than 30 minutes. At the
end of 30 minutes the entire area is draining; .

therefore the time of concéntration (TOC)
for thxs area is 30 mmutes

(8) Again referring to Flgure 2-2 if
a storm of 20-minuteg duration sweeps over
the area then two possibilities exist: .

(a) The entire area was not wetted

-and therefore only a portion of the area will

(b) The entire area was wet, biit,
since the storm duration was only 20 minutes;

all the area below the 20-minute line had .

drained through the outlet before the runoff
from thevarea between the 20 and 30-minute
,line had reached the outlet. The entire area,

'. ' \ . . -2_8-

e 20 and 30- ..
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Figure 2-2. qustrativc “regular” drainage drea.
therefore, is not contnbutmg runoff to the

outlet at one time.

(4) For a storm duration of 30 min-
“utes, then, the entire ares is contributing run-
off' to the Gutlet at one time; for the runotf

from the closer areas hag been replaced by -

- more rain. The area has now reached cntieal
flow, or-peak Q.

(5) Arstorm whose duration ie longer
thantheareaTOCwﬂl haveaiessenmhensity
Reference to the intensity duration curves in
lesson 1 will show that as the duration of the
storms mcrease, the intepsity decreases.
. From examination of the equation Q = CIA,
it is obvious-that as “I” decreases the Q will

.- decrease.The critical storm then, is the storm

whosednratlonlséqtmltotheTOC .
o b. Thneof eoneentraﬂon (TOC).
(1) Representatlve flow,
" (a) Based upon the discussion in

¢

b above, the area TOC must be determiped. ' '

. This is done by debermming representative
flow paths. A flow path can be defined as the

. path a raindrop will follow from °the time
it reaches the ground until it reaches the
outlet. The flow path is called representative
because it must approximate runoff traveling
from the majority of the nrea until it reaches

- the outlet point. It is repreaentatxve of-the -

time at which the majority of the area will
be centributing. runoff to the outlet pomt
- Eatablishing representative ﬁow paths is

P
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based Iargely on experience, Judgment and
trial.

. (b)_ The assumption prevmnsly
made Was that the areas were “reg@lar”’ in -
shape. " The area depicted in figure 2-2 w1th~
_no pro;ectlons or protrusions is such a
ular” area. In rature, however, most’
. are irregular in shape, as“‘x']lustra.ted in
2-3. In guch irregular shaped areas it
peclally critical that the flow paths chosen
are indeed representative of the time required
for the majority of the area to drain. Thisis .
demonsttatbd by the fonowmg examiple,

4 (e) With’ reference to figure 2-3
all the area below the’10-minute line will
drain in 10 minutes; theareabeow the 20-
minute line will drain in not more than 20 -
-minutes and so on up to the 40-minyte line
Flow lines a, b, and c-have been dete ed
Assuming that 90% of the total area lies”
below the 30- line, it then will have
drained in 30 m or less. Runoff from the -
remaining 10% reach the outlet in not ™
less than 30 nor mdre than 40 minutes. Flow
paths a and e should be osen as the repre-
sentative flow paths and to deterinine
the TOC. The reason is that they are in- -
dicative of the time it will take the runoff
from a majority of the ‘area to reach “the
-outlet. Line b is not representative. v

-
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~ 0. minutes °

=~ ~— 30 minutes

— 20 minutes

. . 2> _ outlet -

Figure 2-3. I]Zizstrative “irregular” drainage
area.
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(d) To illustratethe importance of

selecting representative flow lines, take the
following example, Let “C” arbitrarily equal
1.0, and assume that the 1 hour, 2 year in-
tenmty is-2.0 inches per hour. If a storm of
40 minutes duration occurs, the entire area
(100 acres) will be wet, and at 40 minutes,
contributing water to the ‘outlet point. The
intensity (I) for a 40 minute storm is 2.7

inches/hour (curve No. .2, fig 1-5). The
estimated runoff then is:
" Q=CIA = (1.0) (2.7) (100) = 270 cfs.

Taking thig storm for a 30 minute duration, '
the intensity would be 3.2 inches per hour. -

At the end of 30 minutes, 90 percent (90
acres) will be contributing water to the out-
let. The estimated runoff then is:

(1.0) (3.2) (90) = 288 cfs,
which is a larger discharge rate than esti-
mated using the entu'e area.

(o) Flow paths must be chosen that.
are representative of the time required for a
majority of the area to drain. As has been
shown, a ghorter storm of higher intensity
may cause g, larger flow from the area. After
all the flow paths have been chosen and timed,
the timeés should correspond to each other

_within a few minutes. If the times are na$

relatively close, a careful check must be
made to determine why, and an assessment
made of the area to determine which of the
times will prodice the critical flow.

2) Time of ‘flow.

(a) After the representative flow
paths have been established, the amount of
time it will take the runoff to reach the outlet,
as it travels along the established path, must
be determined. In order to dohis the type of
flow must be either determined by observa-

“,

tion or assumption. The flow types existing,

along a flow path are differentiated based on
'veloclty and are of two types as follows:

2,
- 1. Overland or sheet flow, w}uch
¥as a Tow velocity. In nature, normally, this
+ type of flow does nof exist for distances more
than 400 feet. When observed, this type of
flow has a sthooth, uniform, almost gloasy

As

2—10 o :

" possible error is to arbitrarily

’,

~

appearance, Direct observation is the pre-
ferred method of establishing this type of
flow. When direct obseryation cannot be
made, then som?: istance must be assumed.
Since this is a mattef of Judgment nearly any
distance can be

feet as the length of sheet flow when
observation cannot be made. If 200 feet
used, and the a 4&111 sheet type of flow
‘between 50 and feet, the error in time
calculations for most slopes is only in the
order of 3-4 minutes. If, however, either 50
or-400 feet is selected and the actual distance
is at the opposite end of the range, then the
time error for most, slopes can be approxi-
mately 8 mmut::zh.\s can induce an error
in the selection e intensity of rainfall,
2. Ditch type flow which has a

high velocity and is turbulent. This type of ~
- flow takes place in ditches and channels but

is not limited to such channels and ditches.

" Diteh type of flow can exist over the entire

flow path except for the distancé that is’
determined to be sheet flow. When observed,

ditch type of flow appears Joueh and chan- ,

nelizéd.

(b) Several fa‘.Lctora ‘are going to
affect hoW fast the’water runs and, conse-
quently, how long it will take the water, or
runoff, to reach the outlet. The two ‘major
factors are the slope and the cover. Slope
affects the velocity of flow, for the steeper
the slope the faster the flow. The cover pro-
vides resistance to the flow, thereby retarding

the flow, thus reducirig the velocity. In either .

case, changing the velocity of flow will haye
a direct bearmg on the time of flow.

_ (c) Figure 2-4 is uged to determine
the time required for the runoff to travel
along the flow path.

: . 1. -After choosmg the flow pathS’
that are thought to be representative of the
area, each of these are then broken down’
into their sheet and ditch type of flow. The
slope and coyér are determined for the sheet
flow and the slope .and type for the ditch or

A
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channel flow. The ditch or channel flow along

the same path could occur first as ditch flow
in natural surfaces and theén. pass into &
lined (asphalt or.concrete) channel. In this
case each would be timed separately, natural
surfaces would be ditch flow and in a lined
channel, paved surface flow.

2. Example. A flow pathhfasZOO
feet of overland flow over poor turf with a
glope of 5%.

slope of 2% and finally passes into a concrete-
lined channel with a length of 800 feet and
slope of '1.5%. Go into figure 24 with the
index of poor or sparse turf and horizontally
to the 5% curve. Follow this curve to 200
feet, then vertically down to read 8 minutes.
The ditch time over natural surfaces is ob-
tained by going to the ditch index and with
similar pr ure read 10 minutes. For lined
channels the index to use is paved surfaces.
Using the procedures previously described,
the 800 feet at 1.5% gives a time of 9 mm
utes. Compiling the results gives:

Overland Flow Time .= 8 min

Ditch ‘Type Flow ©= 10 nln -

Lined Channel Flow = 9 min
Total Time == 27 min

The time of concentration for the path would
be 27 minutes. ..

« ¢, Intensity of a particular storm (I).
When the area TOC has been established and
set equal to the critical storm duration, the
intensity of that storm can be determined.
This-particular intensity “I” is the intensity
to bé used in the equation @ = CIA. What
is now requxred is the curve number to be
used in' determining the intensity of a par-
ticular storm. The curve number is equivalent
to the intensity in ins/hr of the one-hour,
two-year frequency storm for the particular
location ¢f the facility.

(1) To obtain the intensity in ins/hgp

* of the required one-hour, 2-year frequency
.+ storm refer to the world isohyetal map, figure

_2-5. If the locatlon falls directly on an iso-

[ " e
.

It then has 700 feet of ditch °
- type of flow over the same surface with a

S5ST

hyetal line, then the value of that line is the
refuired intensity. In the event the location

falls between two isohyetal lines, select the

" line with the highest value. Do not inter-
polate. The following examples are 'a list
of areas or places and the one-hour, 2-year
-rainfall intensities as determined from the
isohyetal map: .

Southern Australia 10 in/hr

Florida 2.5 ins/hr
Washington, D.C. 15 ins/hr
Cuba ' 25 ins/hr
New Orleans, La. 25 ins/hr -

2) To obtain the intensity of a par-
ticular storm duration, referred to as TOC,
use is made of the mtensxty-durauon curves
(figure 1-5, lesson 1), The curve number to
be useq is the intensity as found in paragraph
(1) above. The storm duration is equal to
the TOC of the area. For example:

(a) The praject is to be located in
Southern Australia, intensity 1.0 ins/hr, and
the TOC ig 25 minutes. Refer to figure 1-5,
lesson 1; select curve number 1. 0, follow the
curve to 25 minutes and then horizoﬁtally to
read an intensity of 1.8 inches per hour for
the TOC,

(b) The projectis located in Florida,
intensity 2.5 in/hr, and the TOC ig 50 min- .
utes. Referring to figure 1.5 again, it will be
required to interpolate between curves. Fol-
low the curve and at 50-mirfutes storm dura-
tion move horizontaily and read an mtensxty
of 2.8 ms/hr for the TOC. -

2:9. AREA '

a. The last variable that dnust be de-
termined to solve the equation Q@ = CIA is
“A”, the area in acres. This is the area of
discharge, but before the size can be deter-
mined it must be defined. This'is done by
delineating or determining the boundaries of
the watershed. The largest scale topographic
map available of the area involved should
be used for delineation. The map should be *
studxed closely, and a- ground reconnaissance

I
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" made to confirm the map study, The follow-

ing. four-step procedure is then used: .
(1) Locatsexisting or proposed struc-

(%) Locate high points.” ~
(3) Draw flow arrows away from high

points, (Flowarrowsmustbeperpendicular

to contour lines.) -

(4) Draw in delineation lines, (Flow
arrows cannot cross delineation lines.) The
delineation line marks the boundaries of the
drainage, area, or the drainage basin. Since
water always flows downhill, it flows away
from highpoints. If all the highpoints are
connected by a line, the line formed is the
delineation line, through~2-12
iﬂustrateﬂowmowaanddeliheaﬁonhneson

- several terrain types. ™~

= bs When the drainage area has been
delineated, the area that lies inside the deline-
ation line can be determined. This can be done

- by any appropriate method, such as using a
* planimeter if available, dividing the area into

calcnlablegeometrlcshapes,orbyuseofthe
stripper method ag illustrated in figiire 2-13.

¢ In order to determine the other vari-
ables of the equation, it will be necessary to

" determine whether the area is simple or com.

plex. The requirements of this determination
have been covered in paragraph 2/7. In the
event the area is complex it will also be
necessary to define and determine the area
of each part of the complex area.

2-10. RATIONAL METHOD SUMMARY

- & Detail needed, The rational method
is reasonably simple to use if it is performed
methodically so that all the known and vari-
able conditions, as discussed, are covered in
detail. Following is a summary cutline of the
method, with each step listed and numbered
in order. I? this summary is followed the
procedure will be correct and the results ob-
tained will vary only according td the judg-
ments made,

-
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b. Summary outline steps.
(1) Known:
(ai Location.
(b) Soil. -
(c) Cover.
: (d) Design Life — 2 -years (unless
otherwise specified)
. Determine area in acres “A”.
(2) Area type.

(a) Simple -1 type cover or soil >
80% of total area. o

(b) Complex — no single type cover
or soil > 80% of total -area.

- (8) Establish representative flow
paths, :
(a) Overland (sheet) flow 200 (un.
less observed or stated otlierwise).
(b) Ditch-type flow, -

Determine Raipfall Intensity in Inches/
fHour — 1", 3 ,

. (4) Determine TOC
(TOC depends on cover, len
slope).

flow path
of path,

Select Maximum TOC
Duration = Maxixfx’um TOC

- 1
, (5) Obtain 2&r. 1-hr. intensity (iso-
hyetal map)

(6)’ Obtain 4T for Duration estab-
lished" (Step 4)
Determine Runoff Coeﬂicient —C
(7) Select “C'" assumed — use higher
value from table (“C” depends on cover, soil,
slope).
(8) Slope eori'ectlons.

(a) Simple AREA — determine
Avg Slope
Sun 2 2% corr — (Suu "2)001
+ Caumod

J§m > 2% No correction
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$TRIPPER UPON COMPLETION

0 5., 1.2 21.8 29.5 36.4 42.7 50.0 56.1 60
: - 72.1  69.9 61.8 60
NOTE: The stipper method is_a variation of the trapezoidal method.

If vertical lines are drawn at equal distances "W" apart,
then by the trapezoidal fornmal the end area "A" will be

given by the fo].’l.owing CoEEL - R

A= 3oy W+ i;(bl + by )W + 3(by + bg)W + ﬁ(b + bh)w + $(b, +bs)W
+ %(bs + bg)W + % (bg + b7)W + ¥(by + b8)w + z(bs + bg)W
+ i(b + bW + 3(byy + by )W + % by W = AR

° %‘W(Zbl+2b2+2b3+2bl‘ EEEEEFEERX +2bu—w(2b)

Figure 2-13. Stripper method of area determinagtion.
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* Avg for EACH SUBAREA: Correct
“C” for each SUBAREA that has S,,; > 2%.
Coser = (Sarg -2) 0.01 + Cipeanma

- (9) Weighted “C”.

(a) Simple AREA — Do not weight

(b) Complex AREA _
wor,, = Cidi + Cihs + Gy + o
A + Ay + Ay +
Note: “C" must be corrected, if needed, be-
fore it can be weighted.
(10) Q = CIa

2-11. EXAMPLE PROBLEMS

4 7
a. Simple area problem, It is required
to determine the runcf from the. area as
shown in figure 2-14. The known conditions
will be as stated and as shown on the area
map. The solution will be given in a step-by-
step procedure covering each item in full

(b) Complex AREA — Determine -

" (2) Area type.

419 actes — 98% > 80%; therefore

48.8 acres
: theareaiqaaimplegrea.

. (3) Establishrepresentative flowlines,

(See figure 2-14.F Looking at the area, it can
be seen that water will flaw off the hill masses
into the swale section that runs between cul-
verts #7 and #5. The major portion.of the
eastern hill mass should be contributing water
to the outlet by the time a drop of water,
trT?ellﬁg along path #1, reaches the outlet.
- The majority of the western hill mass should

-+ be contributing water to the outlet point by

the time a drop of water along path #2-
reaches the outlet. (Note: Only two flow
paths have been drawn on the map for the
area. This was -done in order to keep the
diagrams from becoming cluttered and con-
fusing.) When the flow lines are established,
the length of sheet flow is determined, and the
remainder of the flow is considered ditch type.
The slope of the line segment ‘representing

detail. each type of flow is determined. .,
(1) Enown: Path #1 -
(a) Location: Livorno, Italy. Slope 1A = 9% -8 _ 6.5%
(b) Soil type: GMd. 200
. (c) Cover: . Slope 1B = 82'1?% = 1.8%
Average Turf =:17.Qacres Path %2
i Compacted gravel =" (.9acres ¢ coey o
N Total 48.8 acres Slope 24" = Tt 1.5%
(d) Design Life — 2 yrs, - .
Slope 2B = Lﬁ = 11%
- v, :éh; 13%’ ,
(4) Determine TOC and duration.
Path Cover Slope \ Length “Time
1A - .Average turf 6.5% 200 8.5 min
> 1B ¥ Ditch type 18% . 1600 14.5 min
N . Total ' ©23.0 min
2A Average turf . 15% 200" 8.0 min -
2B Ditch ty: ~ 17% 1390’ 14.0 min .
- Total 22.0 min
(Times established by using overland flow chart, figure 2-4.) .
e . - 2—20
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_ Bince the times are relatively ciose‘ to-
gether, and the paths correspond to water
coming from the majority of the area, we
have established the approximate area TOC,
Select the longest time of the representative
flow lines as the TOC for the area. In this

case, the area TOC is 23 minutes” The storm-

-duration that will determine the intensity “T”
_tobe used in the equation is 28 min,

*  (5) Determine 1-hr 2%:yr storm in-

in the north, and relatively flat shd gentle in
the south. Consequently, two separate slope
lines are drawn, one in. the northern sector
and another in the seuthern sector, On the
west side, only one slope line is drawn, so
that the proportion of 1:2 ig kept. ‘Since
only one slope line is put on the west side, it
must be placed in such a .manner that it
approximates the average slope of the entire
west side. An alternative solution would be
on the west side, and

¢

- tensity. The location is Livorno, Ifaly. Check- ~  to Place two slope lins )

ing the isohyetal map, figure 2.5, we find that-— four on the east side. This keeps the approxi.
1.%84n /hr is the intensity of a 1.hr, 2-yr storm mate 2:1 proportion, and yields asmore ac-
in Italy.. "= curate average slope. The three siope® lines
- . that are placed in figure 2-15 are a resulfof

(6) Obtain “I” for duration estab-  goveoro placed over the entire area. These

lished. The duration of the critical storm is
23 minutes, as established in Step (4) above.
Using the duration intensity curves, figure
1.5, lesson 1, we find that an area where the
ma:;imu_m 1-hr, 2-yr intensity ig"1.5 in/hr can

equation Q = CIA).

(7) Selectn“C” assumed. Since it was -

determined in Step (2) that the area was a
simple area, only one “C” vahie need be de-
termined, ie., the “C” value of agGMd soil

~ with turf. Table 2-2 gives a “C’" assumed
. value of 0.30 for “slightly pervious soils with

three very ‘closely approximate the average
area slope, and more were not drawn so that
the figure was as simple and uncluttered ag
possible. - . ; .

Average Slope =

expect g storm of 23-minutes duration to
. have an intensity of approximately 2.9 in/hr 3 .3
. (this 2.9 in/hr is the value of “I” in the = 4.83% -

use 4.8% > 2%, therefore “C” must be
corrected. ’ '

“C” corr = (4.8 ~-2) 001 + 0.3 = 0.328
use .33

(9) “C’” weighted. The area is a sim-
ple area; therefore it is not required to weight
“c".

tud” . (10) @ = C1A
(8) Slope corrections. Step 1 deter- - “C” = 0.33 (Step 9)
mined that the area was a simple area; there- “I" = 99 in /hr (Step 6)

fore only one average slope ‘needs to be de-

termined, i.e., the average slope of 1:}1_9 entire
area, By looking at she area, it can be de-
termined that the area can be divided into 2
parlg, with the swale section acting as a
dividing line. The area to the west of the
swale is approximately 14 of the total area,
while 25 lies to the east of the swale. This.

indicates that for each slope line placed on~

the west side, two (2) slope lines should be

" Placed on the east side. ({See fig 2-15.) The

eadf side has two distinct slopes: fairly steep
\').3 . . 2 22 . . ‘

“A” = 48.8 acres (Step 1)

Q = (0.33): (29 in/hr) (4878
acres) = 46.7 cfs  uge 47 efs .

b, Complpx area problem. It is‘required
to determine the runoff from the area as
shown in figure 2-16. The area as shown

comprises a portion of a runway and taxiway ..

with a median turf area. The- solution’ is
givenin a step-by-step procedure in the ‘same
order as given by thg summary, pardgraph
2-10, and the simple area problem,

o
0‘1 i A I
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F"igure 2-15. Defgmination of sl?)pe lines.
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i Figure 2-16. Ezample problem area II. .
o o ° . . © ‘
, « (@ Knovm 1. Livorno, Italy *+ ° '
o " .2 Soil type —GMd “ -

i : + 3. Area — Average turf . ¥ =-15 acres _ . é
e < _ . Compacted gravel = 0.5 acres o ’ :
@ C o . TOTAL 2,0 acres : . : 1.
N . 4. -Design life = 2 years * ' g .,,\

- . ’ (2) Average turf = E—;Oﬂ = T5% < 80% . - * .

%', The ares is complex.

(3) Representative flow paths:
‘ ver/type L . 'S¢ TOC

Comp vel 80 10 7
8

By E

"
9




GMd Soil ~ Average

(4) T0C ‘for the area is the maxxmum
of 18 minutes. .

(5) (6) Intensity of rain. Livorno,

“Italy is within the 1.5 isohyetal line. Refer-

ence to the-1.5 curve and with a storm time
of 18 minutes will give an area intensity of
3.2 inches/hour. . -. 9

- () Value of C. The area is complex.
Therefore, all values of C will be considered

. and area C will be a weighted C. .
Compacted Gravel Cg'" 0.35-0.70 use0.70 .

= 0.30

(8) Slope correction. Compacted
gravel slopes less than 2%. Therefore, no
glope correction and C = 0.7.

Turf area has slopes greater than

Therefore, C must be corrected.
Average Slope = w = 4.0%

Coim = (S =2) 001 + C= (4-2) 01
+ 0.3 = 0.32

9) Wdéhted C.

_ AG +AC _ 15(032) + 05(0.7)
T AL+ A, 2
048 + 035 _0.83
= =_ = 0.
2 2 2
(10x Q = C1a

Q = 0.42(2.0)3.2 = 2.69 cfs

" 1
2-12. SUCCESSIVE AREAS

a. Theory of successive areas. Up to
this point the drainage "areas discussed have
been single-areas, either simple or complex.

"Some drainage systems will, however, con-

sist of a geries of areas each of which dis-
charges into the lower area, Due to, this
action the runoff accumulates and increases

in its passage through the system. The in- .

crease in runoff'is not the summation of the,
peak runoff of each individual ares but is an
increase modified by various factors. The
major factor-is the.decreasing intensity of
the storm effect on the lower areas due to

s

the increasing value of the TOC, thls T0C
being taken from the outermost watershed
boundary to the outlet in question.

b. Technique of successive areas.
(1) The purpose of the method is to

determine the peak runoff to be expected at
each outlet in the sequence of areas. For -

example consider the sequence of areas shown
in figure 2-17.

{a) Peak runoff at outlet #1. The
peak runoff (Q) for area #1 at outlet #1

will depend upon the C, I and A of the area, * -
~~ the I being a function of the area TOC.

. (b) Peak runoff at ‘out.lgt‘ 2.

1. For the purpose‘of this sub-
course the following method will be applicable
for determining the peak runoff for all suc-

ceeding outlets. )
2. The Q at outlet #2 is equal

- to the Q from outlet #1 plus the Q fro

#2, ie., expressed mathematically — Q out-
1et#2—Q1 “+ Qe ’I‘hleromarea#?xs
based upon the area acreage, the value of C
and the I based upon the largest: TOC. This
TOC is found by comparison, between the
area #2 TOC and the TOC of areg #1 plus
the time it takes the runoff to fiow through
the culvert and channel to culvert #2. The

times are based upon § ft/sec in the culvert

and 3 ft/sec in the channel.

(c). Peak runc;tf at outlet #3. The
runoff at outlet #3 is equal to the:Q from
outlet #2 (as obtained from subparagraph

(a) above) plus the Q from area #3, mathe- -

matically Q outlet #3 = Q cmtlet #2 =Q

* area #3. The Q from area “—3 is again based

upon the largest TOC between the area #3
TOC and the TOC as determined for area #2
plus the flow time in culvert and channel.

(d) Peak runoff at outlet 4. The

peak runoff at qutlet #4 and each successive

outlet is similar to the above sections.

(2) For further illustration of the
method, consider figure*2-18. For this ex-
ample. it is assumed the culvert flow time is

’ 225
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. % “~Outiet¥® |
L " klulvert

Z3

- s [+ outlet#2
Culvert

AREA3

<outlet #3
eCulvert \

AREAH* 4

‘*Ou+_le+#4

AREA¥?

' Figure 2-17. Successive areas ezample I.

neghgx'ble and the d1tch time and each area
TOC are’ Jas noted.

(3) Further eXamples are shown in
figures 2-18 and 2-20 to illustrate the varia-
tions that may exist in & succession of areas.
The same assumptions will be made as in the
previous subparagraplz/(Z)

¢. Summsry of successive areas, Sub-

. paragraphs a.gané b of this pa.ra.graph on
. - 8uccessive areas have been mainly, concerned
with the pictrial representation of the tech-
nique. In this subparagraph there, will be

)

ptesentedasummaryoftheachonstobe_

taken in computing the runoff from sue-
' cessive areag as follows:

N (1) Delineate the drainage basins for
each ;particular outlet.

(2) Determine the following date for
area TOC: z

(a) Establish representatlve ﬁow

L4

lines.
(b) Obtain TOC for each area.
, (c) Obtain flow time between areas.
" 1. Flow in culvert allow 5 ft/sec
* =300 ft/min.
. 2. Flowincha.nnels allow3ft/
sec = 180 ft/mm.

(3) Route the flow through the areas .

1) obtain the maximum TOC for the iftlet
under consideration.

(4) Compute the value of C for each’

. area..The value of C should be corrected for
‘ slope if necessary- and weighted if required.

(5) Obtain the rainfall intensity i
" using the TOC found to be maximum. $ .

(8) Compute tributary area “A"

(7) Compute the runoff for each area
Q = CIA. -

(8) Sum runoff for each ares to get

. LJ total Q at the outIet under consideration.’

d -1t is recommended that the results
be tabulated when performing the calcula-
tions for each successive area. By this pro-

x -
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To0C = 30
Qy = ToCc,,, ¢, Ay
Routlet | =.Ql

\
’

TOC uiet -2 =304 0T 530+5 = 35
Tbcz = 30 |

T0Cqarga2 =35 T
Ry =>T0Czg,C,,A,

Qoutiet 2 = 8, +8- /

TOC‘N.HG.} 2.3 = 3540T=35+8 = 43.
TOC o = 45

T0C gpeq 3 = 45 |

B3 DT0C4s, C3, A4

Qoutlet 3= R+ Q.+ Q3

T —TOO.N“G"’QJ;‘(: 4§+DT‘= 45+6 =51,
T T0C, = 40 ‘ .
TOC 4000 4 =-5! ‘ ‘
. "8y =>TOCs,, Ca,Aa

" a ou'l’le}#4 J QOuHe{A = Q\"".Qz* Qs+ Qq

— ’ ’
Figure 2-18. Successive areas example II. .
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Toc,= 30 .
Q, = T0C3y,,C,, A,
Qguilet 1| = @,

'T001=35"

outled 2 = Q2

~

T"%uﬁ,* .3 = 304DT =30+5=35
ToC ou'H'ﬁ 23 = 35407 =35+3=238

Toc = 30

oo Tocarcas = 38

Qg = TOC2s, Cy, Az .
Qoutletz = @ TR, *Qy

-— = =‘ b
Tocoq*{g.} 3-4 — 38+40T 38?\6 4
T0C 4req 4 = 40 °

0‘. TOC areq 4 = 46 . . N -
Q&%TOC.“J,C4’A4 . .

. Q‘ou'Hc'.l'A:Q;‘*Qz'i:QaarQ*
so\u%ld*d, .

*

as Qou*le-} 4 ='Routletat Qu

. . 1

‘ » +
.
¢ .

o Figure 2-19. Successive areas example II}.A
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Toc, = 30 |
"Q; '_27 TOC.3O ,C.)A,
Qoutiet | = R

Q outlet ®1 %

T

TOC gutiat -2 = 30+DT =30+5 = 35
i TOC7_= 30 ’ ) ) -°:
TToR

’
2] -

areq 2 =35
&, => TOC 35, Cz, A2
Routiet.2 = @+ Q.

Tocy; = 20
Q3=>TOCZO)

TOC yutlet 2.4 = 364DT = 3548 =
TOCoutlet 3-4 = 20040T = 2045 =

TOC sreaa = 40
. SeTOC ppqq = 43
Q=) T0C,,,C4,A,
o\ou+l¢+4 = Q3+Q2+Q3+G’4
Q gutlet 4 = Qouttet 2 1 Q3104
Figure 2-20. - Successive areas ezample IV.
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céss, the value of the TOC for each outlet un-
der consideration ‘can be readily determined.’

Tables 24 and 2-5 are presented for use in
tabulating tHe results of .the computations.
The use of these tables is not méndatory but
- are presented to indicate the techniques of
recording the computation results.

(1) TOC determination table. The
items listed on table 2-4 cover the material
required to be known in order to determine
the TOC of the various areas. In complex

- areas, the item marked “dist. to iniet”’ will

show for the same inlet two values of sheet

* (pavement or turf) and ditch flow. The TOC

to be selected for further use will be the long-
est time. .

(2) Design data table. The items

- listed in table 2-5 are as follows:

(a) Item 1 — inlet: The number
of the culvert will be given in table 2-4.

(b) Item 2 — line segment: For.
this item, give the numbers of the culverts
between which the channel will run.

TABLE 2-4. TOC Determination Table

AREA (ACRES)

o

DIST. TO INLET (Ft.)

SLOPE (%)

TOTAL AREA

TABLE 2-5. Design Data—Drainage System

. hibb 5

LINE SEGMENT

= TOTAL TIME

3 LENGTH OF
SE@MENT

A

B INLET TDE

a

6

A TIME OF

= CONCENTRATION

-

7 B

\

-CQEFFICIENT nC*

TRIBUTARY
AREA wAn

RUNOFF

~ INTENSITY *I®

= RAINFALL

[ ]
=
;




(¢) Item 3 —‘length of line seg-
ment. The length of the channel between the
two culverts.

® (@) Item 4 — inlet time, This is

theTOCforthepaxﬁcularculvertastaken
from table 2-4.

(e) Item 4b — flow time. The time -

it takes for the flow in the culverts and
channels based upon a value of 300 ft/min
in culverts and 180 ft/min in channels. °

(f) Item 5 - total time, The sum-
mation of inlet time and flow time to the
particular inlet under consideration.

(g) Item 6 — time of concentration.
The time of concentration for a particular

inlet is taken ag the longest time between the
area TOC from table 2-4 and the total time

- (item 5 table 2-5) from the preceding inlet.

(h) Item 7 — runoff coefficient “C”.
The C value for the particular area contribu-
ting runoff to the inlet. This value is corrected
for slope and weighted if required due.to the
ares being complex.

(1) Item 8 — rainfall intensity “I”’.
The intensity of rainfall in ins/hr as deter-
mined from the TOC of item 6.

(J) Item 9 — tributary area “A”.
The total area for the particular inlet as de-
termined from table 2-4

) (k) Item 10 — runoff Q. This is
the area runoff as determined from Q = CIA
calculated from the »:a.lues of items'7, 8, and 9.

(1) Item 11 — accumulated runoff,
The total quantity of runoff that can be ex-
pected at a particular inlet. It is a summation
of the accumulated runoff plus the area run-
off as given by item 10. Care must be taken
to analyze the drainage flow so that proper
summation of funoff can be made at the inlet
under consideration. With reference as to
the above statement, see figures 2-18, 2-19,
and 2-20.

2-13. SUCCESSIVE AREA PROBLEM

8, Requirement. It is required to de-
sign culverts #1, #2, #3 and #4 as shown

o

on figure 2-21. For design purposes, it will be
required to determine the runoff from the
areas #1 and #2 and then determine the
runoff to the inlets #3 and #4 by the suc-
cessive area method. For the problem the
following information is ngen.

AreaMap—SeeﬂgureZ«Zl Scale 17
= 200 £t.

Area #1 — ¢
Area: Turf = 14.5 acres
Average Grass Cover
GMd Soil
Invert Elev. Culvert #1 = 44 ft,
Area #2 )
Area Asphalt = 4.7 acres
© ' GMd Soil
Invert Elev. Culvert #2 = 31.8 ft
Area #3
Area: Turf = 6.6 acres
Average Grass Cover '
GMd.Sofl
Invert Elev. Culvert #3 = 24 ft
Area #4 '
Area.—Turf = 10.5 acres
Av{rage Grass Cover \
GMd Sail
Invert
b. Cal

(1) The representative flow lines for
each area have been indicated. The same
lines, over the slopes, are also indicative of
theslope lines for the correction of “C”.

. (2) Table 2-6 gives the walues used in

various determinations and the results there-

of. Reference is made to the discussion and

the illustrated problem given for simple areas,

for the type of calculations required, and for
- golutions of the areas.,

(8) The TOC, item 6 Design Data

.

ev. Culvert #4 = 9 ft.
tions.

Table, is the area TOC unless other areas

2—81 i
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TABLE 2-6. Calculations for éuccessive Areas Problems -
AREA (ACRES) | DIST. TO INLET (Ft)] SLOPE (%) " TOC (Min.)
— .
&
% & g & % ) I -
5| o 2 j% «|B| 8| E| 2| B : 5| g
21 2| 8| Elz|E|5|E| 5| E|E|Z 21 8| §
-~ D
1 14.6|14.6\ |200)50p0|700|.. |5.5]|4.0 10| 7117
200|550 750 5.514.0 10 7117
2147 4.71350 200|55014.6| ., [!.3 6| 8li14
3 24]6.6 2370|570 5.0|3.3 9| 7118
10.§410.5 2004501650 5514.0 9 8117
200|500 |700 2.513.0 16f 8124
T0C DETERMINATION
- . [\
1, 2 3 th |wb s 6 7 -8 9 10 11
e .
] . e~ o) ;L ’;_q
E fz4 g 2 b &5 ORI - g
e jam " 4
5 | e |52 | 5|3 AFEI e 25| 2158
= | 5 |38 |B|2 |8 |E8|Es|35 | E5| 2 | 2B
FT  |MoviMIv {MIN | MIN. " |IN/HR | ACRES| CFS | CFS
"1 1-3 | 460 |17|2.8|19.5]17.0]0.32 | 3.2 | 14.6 |15.0 | —
2 | 2-31 150 14]08]148]i14:8 oga 35 | 47 [16.0 | —
31 3-49]gs0l16[250185]19.5]0%2 | 3.1 | 6.6 [ 6.6 [37.6
4 —— — 24'_ 24;0 24-0 0033 '2-8 ,005 q'7 47-3
a B
DESIGN DATA

233




are involved, in which case it will be tﬁe‘

longest TOC. Refemng to inlet 4‘-3 it will
be observed that the area TOC is' 16 min,
but for areas #1 and #2, the TOC to inlet
#3 is 19.5 and 14.8 min. respectively. In this
case, for area #3, the TOC to be used is the
largest value under item #5 or 19.5 min. The
runoff “Q"” for area #3 ig then based on
thig*TOC of 19.5 min. For area #4, the TOC
. to be used will be the largest value between
the area TOC and the TOC from the previous
#3 inlet, including flow time> In this case,
the area TOC. is 24 min. (item #4) and the

/7

O

TOC from the previous inlet of 19.5 min.
plus the flow time of 2.5 min or 22 min. Thé
TOC to be used for calculating the Q of area
34 is, therefore, 24 minutw

(4) The runoff “Q"’ for each area is
given in item #10. For area #1, the value
of Q is 15 cfs and for area #2 is 16 cfs. Inlet
#3 recexves the flow from areas #1 and #2
and also the adjusted runoff from fts own

area #3 or the accumulated value 'of 37.6.
Inlet #4 is taken in a similar manner and the
accumulated total is 37.6 cfs plus 9.7 cfs or

47.3 cfs.
S

—-’“‘\_/\

" REVIEW EXERCISES

Note: The following exercises are study

aids. The figures followmg & ch question re- .

fer to a paragrap g information
related to the quwaon. Write your answer
in the space below the question. When you
have finished answering all the questions for
this lesson, compare your answers with those
given for this lesson in the back of this book-
let. Do not.send in your solutlons to these
review exerclses

1. Nbt considering rainfall, what
are the three factors which most affect
rate and quantity of runoff? (2-2a)

’

2. In its early stages, runoff is
generally in the form of sheet flow.
What is normally considered the maxi-
mum distance before sheet flow changes
to channelized flow? (2-21)

.

3. Under what circumstances may
yol use the hasty method for calcula-
ting the size of draihage structure re-
quired? (2-4b)

=

a

Kl

4. Inrelation to the rational meth-
od for caleulating quantity of runoff,
what is the definition of a complex area?
(2-6b(5) (b))

5. In the rational method formula
Q = CIA, how would you express math-
ematically the value of “C”? (2-7)

-




6. Why is it necessary to adjust
the value of “‘C" when the average slope
of a drainage‘area exceeds 2% ?(2-Tb
(1)) .

4

1. What conditions of soil, cover
and/or man-made structures in g drain-
aPe area would make it necessary to
weight the value of “C’? (2-Te(1))

¥
.

8. When it is necessary to both
correct the value of “C” for slope and
weight the value of “C” for soil or jur
conditions, which is done first? ﬁ
(2))

9. - Maximum runoff for a certain

" rainstorm and a specific drainage area

will occur only, when what two condi-
tions exist? (2-8a(1))

57

10. Why is. it necessary to deter-
mine representative flow paths for a
drainage area? (2-8b(1)(a))

\

11. What is meant by the term
“representative flow path?’ (2-8b(1)
(a')) o L

.

12. If the 1.hour, 2 year intensity
for a rainstorm is 2.2 inches, what is
the storm’s intensity for 30 minutes?
(table 1-5, lesson 1).

.

18. One section of a flow path is
300 feet overland on average turf with
a 6% slope. What is the time of flow
for this section? (2-8¢(2)(e)(2), fig
2-4)




14. Another section of a flow path
m800feetmalinedchannelona1%

slope. What is the time of flow for this
section? (2-8¢(2) (c) (2), fig 2-4)

&

15. The intensity (I) to be used in
the rational method formula, Q = CIA
is the intensity of a particular storm
for what period of time? (2-8¢)

"16. How do you determine which
of the rainfall intensity-duration curves

" to use in determining the storm in-

tensity ?* (2-8e(1))
‘ _

17. What do you determine to be
the one-hour, two-year rainfall inten-
sity for the eastern tip of Brazil? (2-8c
1))

.
La - 4

18. A drainage area mthe vmmty‘
of Waghington, DC has a calculated
TOC of 35 mmut&e What value would
you use for I in the, rational method -
formula? {2-8¢(1), (2))

19. What is the reason for estab-
lishing delineation lines on a topo-
graphic map of the drainage area bemg
studied? (2-98)

20. Name three methods of measur-
ing the acreage inclosed by an irregular
delineation line. ‘(2-9b)

)
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5 Section II.

& .
_2A.4. INTRODUCTION, - - L.

-Talbot’s formula - may be used as an ap-
proximate: method for compubqg the cross-

€ "2A

TALBOT'S FORMULA . -.

~

sectional aréa of the propdsed pipe or culvert.
This method is derived' from dJbservations
made by Profesddr Talbot, for gently rolling

.

. . .
1 . , :

A

4 oy ¥ LESSON 2A . = . - °
. T . . SURFACE 'RUNOFF (TALBOT'S AND OCE METHODS) :
. . . ) . &{ ’ , . N ' W_:: q’ L
e - CREDIT HOURS ________ PO S 2 . B
> A TEXT ASSIGNMENT _________.___N____Attached memorandum. - :
. ' MATERIALS REQUIRED _______>___ _____Annex A, :
v » LESSON OBJECTIVE __.__ o To teach addnﬂonal methods for'ea| cufahon
. - : of surface ‘runoff.’ [,
) + . SUGGESTIONS _____________________ _Read the ‘attached memorandum ‘théough
A . rapidly to obtain a knowledge of its scope.
. - " Then read it through catefully, underlining . -
. the lmporfant points and objectives. Read
- -~ the review questions.at the end Of the les-
. « son. Study the lesson, $darching for an-
. ‘ *  swers to the review questions, and write
P . your answers -in the spaces provided.
’ Finally, check your answers with the an-
I v o \ " swers given:for this lesson at the-back ofa
- ' : ‘-thns booklet. . RevieW as necessary.
. AﬂACHﬁD’M_EM_O_RANDUM R
. Section I, INTRODUCTION -
\r 7 %3 B GEN‘lw. - J s H quired without determma@n of the quanuty
’ ] “The purpose of this lesson is to vide you of runoff water m&olved ‘ -
. - with sufficient information and det@il to ap-
. ply Talbot's formula. and the Corps of Engi-  2A-3» CORPS OF 'ENGINEERS METHOD
) ' neers method in .the solutx%n of - drainage The Corps .of Engineers method is a de- .
B » problema - liberate process involving many factors,
- » . Las tables, and graphs, and resylts in a rate-of’
_ s 242, TALSOT'S FORMULA / " runoff for a given drainage area. Recom-
— Talhot’s formula provides directly®the area . mended uses are igclugded in the detailed dis-
; %+ of tHe opening of the drainage structure fe- cussions of each metho

L]




.

farmland in the midwestern part of the  and the length of the vhlle;s, and by the
’ -

United S§aRes. / . general character'and culture of the ground.

C S . % 2 All of these factors affect the rate of runoff.

2A-5. DETAILS ° T *" Theréfore the engineer must adjust the value

ac . of C to suit each case. The valge of C should

This formula is: -, . be increased as the lengths of the valleys de-
A=C \')B-" . . crease in proportion to the widths, and vice .

‘ X versa. -As side slopes steepen, C should be
in which A = area of waterway opening in ~ increased. Heavy scrub growth would de-

. ~ gquare feet- . ) crease the value of C as compared with cul-

{ tivated farm land, whereas rock or barren, *

D = drainage area in acres . slopes would increage the value of C. Pre-

. C ) dominantly sandy or gravelly soils tend to

= a coefficient that depends .
upon” the slope, shape, and decrease C, whereas heavy clay soils tend to

P increase C. A value of 1.0 is satisfactory
Eoenbeerali\cl.lara !Edcter of the area for moderately mountainous terrain, or for
reasonably steep barren -areas with ‘abrupt

\F\Tms formula is recommended only for small slopes of up to 10 percent. Fhe formula should

Strucfures requiring a waterway opening of Dot be used for precipitous, rocky, mountain-

" not greater than 400 square feet. In addition,  Ous areas where C would be greater than one. .
‘the formula isggfended onlgg for a maximum ° The drainage areas may be obtained from-a
rainfall intensi§gpf 4 inches per hour. For ~ map of the ared involved, either by plani-
locations having greater intengities than'this, ~ Metering or by dividirig the area into sevgr- .
the required opening may be computed by @l triangles and/or rectangles. Waterway
dividing the areas of, the draingge structure =~ Openings for various drainage areas are given

. ~Obtained from the fofmula by 4, and multi.  in table 2A-1. A nomograph for the solution
plying the result by the intensity of rainfall of Talbot’s formula is given in figure 2A-1.
to be expected at the given location. No . The d.iameter of pipe in feet can be computed
adjustment ig made for a rainfall intensity by using the formula:
less )mcmi&m to 4 inches per hour. The _ -

" accuracy of this formula is dependent on the Diameter = \/2& J
selection of the coefficient C. Normal values ° S .
for C are as follows: .

*

N

- C = 0.2 for flat areas not affected by accu- - i which A/— ?::: of water?vay, m'square .
',  Tulated Snow and where the length - . ot
of the valley drained is severa] times Example: Drainage area is 200 acres of -
thewidth. - ° rolling farm land (C = 0.35)"

C = 035 for gently rolling farm.land . _ a5 /3% < N CRTETOE
where the length of the valley is 035 ¥/200° 035 V(2 < 10°)

about 3 or 4 times the width. - =
bout 3 or the wid . = 035 VB ¥ 10° = 035 vAD0 X 10° .
» .C = 0T for rough, hilly areas having s — 035 x 532 x 10 = 186 or 19 sq ft
moderate slopes. | : - v
— . -
. 'C = 1.0 for steep, barren 'areas having & = 19 8q ft r
" abrupt slopes, and for modetately A X1
v mountainous areas. : Pipe diameter = \/
b : e _ . x % .
‘The value of the coefficient C'is influenced by = - ) A
the shape of the.drainage area, the side slopes . = /242 = 4.9£ or 5%t
' 24—2 '
1, i \' * .




. TABLE 2A-1. Required Culvert Opening in’ Square Feet; Gomputed by Talbet's Formula

IS

63

v

- Drainage area :

1 Mountainous Hilly Shgrply rolling Flat
_ in dcres f(C = I.Q_) (C =07 (C =Q?.5)* {C = 02)
2 e 1.7 12 09~ 0.3
S 33 . 2.3 17 q
10 oo 56 3.9 28 1.1
20 e + 95 8.7 48 . 19
30 ... N— e 12.8 9.0 6.4 y 26
40 159 - . 11.1 8.0 “3.2
250 o e e 17.8 125 8.9 3.6
15 e e 25.4 17.8 12.7 5.1
200 316~ 221 15.8 ,6.3
150 oo 42.9 30.0 - 215 8.6
200 - e 531 37.2 " 266 10.7
300 oo 72.2 50.5 36.1 14.4
400 e 88.1 61.7 444 " 17.6
500 - oo 106.0 74.2 53.0 21.2
600 - e 121.0 85.0 "61.0 24.0
800 ! 151.0 106.0 76.0 30.0
1,000 oo 178.0 125.0 860 | 360
1200 oo, 204.0, 143.0 102.0 "41,0
1,500 oo L2410 , | 7 1690 121.0 ! 48.0
2,000 - ____.________ v, 2990 209.0 150.0 " 60.0
2,500 " 353.0 247.0 177.0 z 71.0
3,000 —eemoreeoeo ' 284.0 12030 | 810
4,000 _ooooooo. |, 8520 2520 | f1010
5000 oo 298.0 o 1190
7,800 e o 1 1610
10,000 --ooooooeonoeo Formula not to be uked for ! E’m
15,000 ... P, these conditions. , . : | 271.0 X
20,000 oo E . 3360
o 4
. :The normal value of C l@n‘tly rollingv areas 1s 0.35. .
Yo T
t o -
\. .
f * 2A. —3
1 . A ' -
. ' RS N
AN ot ) 71 , 5 R 4
*9 ,
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RUNOFF\ COEFFICIENT “C*
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Figure 24-1. Nomograph for solution of
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. a . 3
EXAMPLE ~ THE AREA OF CULVERT FOR A DRAINAGE AREA
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T(lbot’s forn;ula.

DRAINAGE AREA IN ACRES -
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Section ll}.

2A-6. DELIBERATE METHOD OF DETERMINING
RUNOCFF ‘

a, Although-the Corps of Engineefs
deliberate method of estimating runoff, as
developed by Hathaway and Horton, is es-
pecially applicable to airflelds, it can also
be used for other construction projects.

Horton’s equation is as follows:
4 = tanh? ¢ [0.922 t (o/nL,)0-5080-25]

. where q = rate of flow in inches per hour
or cubic feet per second per
acre of drainage area,

¢ = rgte of supply or rainfall in
excess of the rate of inflitra-
. . tion in inches per hour.

-+ t = time or duration in minutes.
_ tanh? ‘= hyperbolic tangent squared.
g n = retardance coefficient. *
L = length of flow in feet.

S = gslope of surface or hydraulic
gradient in feet per foot.

b. A series of tables and graphs have
been developed which will be used in solving
for q, thus simplifying the computations re-
to determine the runoff when using
od. A more detailed explanation of
Corps sf Engineers method may be found
series.,

c. Horton’s equation was used to com-
pute a series of overland flows vs duration
graphsasmmmgn = 0.40 and S = 1.0 per-
cent. Each graph is composed of curves
based on various rates of supply for a given
length and slope of overland flow. These

) ’ curges may be used for surfaces having other
. retardance coefficients or surface slopes by

using, instead of actual length and slope of

the flow involved, an equivalent length which

« values of n and S used in developing the
curves. Equivalent length is indicated by
the symbol Lg. The equivalent length ig the

= average length of flow, converted to a. lenghh

."

compensates for the difference between the -

65

CORPS OF ENGINEERS METHOD
’ \ J

equivalent to n = 0.40 and § = 1.0 percent.
Figure 2A-2 can be used to find the Lg.

* d. The Corp. of Epginters method re-
quires that you select-a design storm rainfall.
This can be done from local records if suf-
ficient datum is available. Otherwise you can
use the United States isohyetal map (fig
2A-3) or the world isohyetal map (fig 2-5,
lesson 2).

e. It should be noted that the curves
referred to in ¢ above, and shown in figures
2A+4 to 2A-10, inclusive, are.not hydrographs
for any specific desigri storm, but represent
the peak rates of runoff frem individual
storms of various durations, all of which have
the same average frequency of occurrence.
The duration of supply corregponding to the
greatest discharge for a particular standard
supply curve and given value of L is defined
as the critical duration of supply (t.) for
runoff frolxsoan area not affected by surface
ponding. For a simple area, the length/to be
used in figures 2A-4 through 2A-10 is the
sum of the equivalent lengths of sheef, chan-
nelized, and ditch flow. For a complex area,
the length to be used in figures 2A-4 through
2A-10 ig the weighted equivalent length com-
puted by the equation, .

. Av-Lp + Ap Ly + ...
Weighted Ly = —2 2 2
- A] + A2 +

where LE » Ly etc are the equivalent lengths

of the surfaced areag (including ditch flow)
and turfed areas (including channelized flow
and/or ditch flow). For syccessive areas, the
length to be used ih figures 2A-4 through
2A-10 is the weighted equivalent length de-
rived from the weighted equivalent lengths of
each area, including the equivalent length of
additional channelized and/or ditch flow.
where applicable. The principles stated above
may best be understood from the procedure
and examples which follow in paragraphs
2A-7 through 2A-10. - :

2A —5 o g
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Figure 24-2. Nomograph for equivalent length.
]

2A-7. PROGEDURE FOR CORPS OF ENGINEERS
METHOD, S

a. Secure or draft a ‘topogragixhic map
of 1:2400 or 1 inch = 200 feet of%the area

from,which the rate of runoff is to be deter-
mined. .
b. Delineate and subdivide the area

into drainage areas and subareas as described
in paragraphs 2-2h and 2-9, tlne:s;son 2.

Figure 24-3. United States isohyetal map.

s A

%

¢. Calculate the gize of the drainage
areas with respect to khe various types of
cover. :

d. Determine whether the area is simple
or complex (para 2-2g, lesson 2).

e. Select representative paths of sheet,
channelized, and ditch flow on the map.

f.. Measure the horizontal length (L)

and compute the slope (S) of each representas

tive path of flow gelected.

g Calculate the average length (L)
and average slope (S) of sheet, channelized

and ditch flow. . T

h. “Select‘a coefficient ‘of retardation
“n”, ﬁble 2-1, lesson 2,

(1) Study the surface of areas and
subareas, R

" (a). .Recézinaiss‘ance—loolg for turf,.
bare ground, etc,

2A—6
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(b) RewWew the plans and specifica-
tions for type of man-made surfaces.

2) i!se eering judgment and
select an “n” for eachrtype of flow.

i. Calculate the area equivalent length.

(1) For simple areas, determine the

Ly for sheet, channelized, and ditch flow from
figure 2A-2, using the coefficient of retarda-
tion, average length, and average slope for
each type of flow. Add the equivalent lengths

of all types of flow to gga total-area equiva- -

lent length.

(2) For complex areas, determine the
Ly for sheet, channelized, and ditch flow
respectively in each subarea from figure 2A-2,
using the coefficient of retardation, average
length, and average slope for sheet, channel-
ized, and ditch flow in each subarea. Total
the equivalent lengths for each subarea. Then
calculate a weighted equivalent length for
the total area by the equation,
Astl’*'AzL-.: N

2

A; +\A2 +

Weighted Ly =

(3) For succegsive- areas it is neces-
sary to add the eqmva.lent length (total or
weighted) of each successive area (simple or
complex) to the equivalent length of channel-
ized and/or ditch flow reqmred to carry the
runoff from each successive area to the
draage structure under consideration. Then

- a weighted equivalent length is computed by
the same method used for a complex aresa,

\Angl .+ Asz +
A, + A +

Weighted Ly =

(4)a When the <alcufated equivalent

le%gth is longer than the 1j200 feet-on the
supply curves, use the 1,200-footwline.

j- Select &’ dwgn stdrm ra.mfall (R)
from the United States (fig 2A-3) or the
m-—.._World isohyetsl maps (fig 2-, lesson 2).

k. Select a rate of infiltration (I). ¥

(1) Study soil and surfaces of areas

and subareas.

<

/3

(a) Conduct a soil survey and/oi'
reconnaissance to identify soil.

(b) Review plans and specifications
to determine if man-made surfaces are water-
tight.

(2) Refer to table 24-2 (infiltration
rates). )

(8) Use engineering judgment and
select “I's”.

L. Calculate the ar
(1) For simple

rate is calculated from
R-L

(2) For complex areas the a'réa supply
rate is the weighted supply rate calculated by
the equation, 6y = R -~ I;, 00 = R - I, etc
A;G; + Ajs et ...

A, + A +
(3) For successive areas the weighted

supply rate for all areas is calculated by the
equation in para 2A-71(2).

supply rate (o).

the area supply
e equation, ¢ =

Weighted ¢ =

m. Choose the supply curve clogest to
the area supply rate.

n. Using the area equivalent length,
determine the maximum rate of runoff per
acre (Q/acre or Q/A) and the time of con-
centration (TOC) as indicated by the critical
time of runoff (t.) line on the chosen supply
curve (figs 2A-4 through 2A-10). :

+ 0. Calculate the maximum rate of run-

(Q) in cubic feet per second (cfs) by
multiplying the maximum rate of runoff per
acre by the total area in acres (Q = Q/A X

. area,m acres). v

2A-8. SAMPLE PROBLEM FOR COMPUTING
#  RUNOFF FOR SIMPLE AREA

a. Assume that yod HgV® been fur-
nished with the following info ion:

Area #1: Fort Belvoir, Virginia. The
drainage area has beensdelineated and flow
paths have been located on the map. .

2006t) . ¢ -

24 —18

Sn

81 ! N

Areawmap: See ﬁgure 2A-11 (Scale 1 in=" "
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TABLE 2A-2. Infiliration Rates (for 1 Hour) in Inches Per‘Hour

e - @ »
. Sparse
Ms jor _Divisioas Letter N Dense Cover Average Cover (Bare) Cover
, Gravel GW . L0 -1 s~ . 0.8 - 1.2 0.6 - 1.0 /
& =/
%\ Gravelly GP 1.0°- 1.3 0.8 « 1.2 0,6 - 1.0
. Soils . ey
‘ - ( d 0.6 - 0.8 0.4 - 0.6 0.2~ 0.4
- v [« -
e Coarse | u. 0.4 - 0.5 0.3-0.4 ™ 0.2 - 0.3
Al Grained . -
A . 6 * 0.3 - 0.4 0,2 - 0.3 0.1-0.2
W
s 1.0 - 1.3 0.8'- 1.2 0.6 - 1,0
S1nd " se 1.0 - 1.3 0.8 - 1.2 0.6 - 1.0
Sandy g’ 0.6 - 0.8 0.4 - 0% 0.2 - 0.4
Soils —syr s
u 0.4 - 0,5 0.3 - 0.4 . 0.2 -70.3
s¢ 0.3 - 0.4 0.2 - 0.3 0.1- 0.2
" 0.1 -0.2 A T .02-~ 0.
cL . 0.1 472 . 0,02-- 0.1
Silts & W 0.6 - 0.8 0.4 - 0,6 - 0.2-0,4
Clays : -
o 30 o 0.6 - 0.8 . 0.4 - 0,6 0.2 - 0.4
Pine -
Grained | sires o 0.1+ 0.2 0.1 - 0.2 0.02 - 0.1
Clays ,
WL so - - 0.6 - 0.8 0.4 - 0.6 0.2 - 0.4
’ o 0.1 - 0.2/ 0.1 - 0.2 .0.02-0,1
Highly | R -
oreane °| soils 2 0.6 - 0.8 0.4 - 0.6 0.2 - 0.4

¢

- LN _B)l- §UB-A

C .
¢
- , Figure 2A4-11. Simple-area map (area #1). ] . .
S . L, ?2A—14 ¢ IR
v \) m 4 ' 8 2 o R
\)4 . : . o - . N
ERIC - ' : - -
. ; ! \ ) ) - . )
4 § . . N - !
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‘ .
Invért elevation of culvert #1 mlet 44 ft o

(8) Compute L. - N

: ‘Averdge grass cover - "' (2) Example: LE fo‘sheeﬁ flow
. “Sgil type: ‘GMd T o (fig2a2).
5 . ! Turf area: 14.8 acres’ - o gnter abscissa gf figure 2A-2a. at 575 and_
. , redll up to “n” of 0.4. Read left 40" edge®of -
Asphalt area: 0.1 acres® graph and the result is 575. "Phe reason there
. You-have been' instructed to calculate the- . - is no change in length s because “@” of 0.4
, .. maximim rate of runoff at culvert #1 that ' o yoeq Now enter the ordinate of figure
'is being contributed by area #1. Channel 94 o ot'575" Read seross to slope of 4.6
ized flow will be assumed to ‘start near the percent. Read down. to obtain corrected
= - 50-foot contour. . . length for slope and the result is 275-ft. If
. N b. Determine if area is simple_or com- the slope shad heen'1 percent, there would ',
. plex (par 2-2g). The area coyered by turf , have been no correction for length,
> was given as 14.6 acres, and the area covered
by asphalt wai givegsas 0.1 acres. The tofal o e ,g;)_ 2?‘31”!’19 Lg for chann.ehzed
» area is. 14.7 acres. Fo
148 _/ ‘ A R Enter abscissg of figure 2A~Z£ at IS%Od
- —_— X 100 *99.3 percent - read up to “n” of 0.2. Read left to edg
> - 14.7 - “ #, -+ ' graph and the corrected’ length for the dif,
' r Since anie ea exceeds, 80‘perce fof the  ferénce in retardance-coefficient is 75. Enter 7
N Mm’ the drainage area is co?zdered s ° ordinate of figure 2A-2b at 75 and read across
. Peox “simple"area A « to slope’ of 4 percent. Read down to obtain
. N L the corrected leng for the dlﬁerence x |
L - . e Itis tecommended that you use a . slope, Whlch
~ * table simildr to, table 2A-3 in computing #in-
Joes b off, ThJs will aid you in prgamzmg and re- L (c) Example Lg (by. -use of for-
) : . cordmg your caleulations. . .oe )
g ) ¢. Examination of the map, ﬁgure éA— e formula Ly = zir_‘_‘,i ) be uged m
oK © 11, will reveal that subareg “A” is approxi- - s VS
* itiately equal in size'to gubarea “B". The rétio . lieu of figure 2A-2to obtain the equwalent
. of -éach sybarea to the total area js therefore ; o
. / ‘about “1:2, From this analysis, it appears length for “n” of 0.4 and slope of 1 percent,
T e ., that one representative path of flow in each . Thxs formula is recommended for the follow-
S subarea should be sufficient to fescribe all . —' ing reasons (1) the scale.of figure 2A-2
. .makes, it difficult to sélect.a jnumber in the
. s paths'of flow in each subarea. ‘Water fiows 1 fefthand £ each b}
N . " exactly perpendicular to thé contour lines. ower feli: °°mer\’ each graph; (2) if
. _ However, for greaten’ simplicity, Aow lines - you have an actual length greater than 600
C s are ‘usually drawn as. straight linés Ja.pproxi-f ‘f‘ee}: ytzu"must.,extend the line representing:
Lo W e “'mately pé x?én dicular to-the contours. 1" or “S” by either inspection or calculation
Par t X : : The calculatior for obtaining the eqmvalent‘
R B + e The following - -caleulations 111ustrate " length of flow is 2s follows: -
Y . how to.complete table 2A-3. - - w Nk, N .
N L Lg" ?)4’%
Ny g Ja ‘(1) Scalé¢ paths A, B, and C \/S %
o O R ) Gompute the, average slopes of all . / .
R paths. Ly = eqmvalent leugtb*\ feet for “n”
o 9 . o: & M;’/h s % . of 0.4 and “S” percent
. M e: a - l— Lo
. ‘W ‘ \p T g?e A a T = actual or"averagq measured dis'-
' s a X 100 = 486 percex\xt . tance of ﬁow path.in feet
-~ ¥ .o - . . ‘
e, . CoT, l A — 15, ) co
A N ) “ R
" ‘;‘é A » » W ‘. “.
.? ‘ . :: ~‘ . 3 . 8'3
.. . . : [P ; . ”
= ._.___ e ~ R S S A-'/ o e o .




\ s
7 w v *
= retardance coefficient (table 2.1,
3 «leeson 2).

~. S-- = actual or average slope, in per-

cent, of flow path. 9
F.kax_npleq:
® Ly for sheet flow =. "
2.5) (575) (0.4
(2.5) (575) ( ~)‘=268ft'

V4.6 .

Ly for channelized flow = »
(2.5) (150) (0.2)

V40

. ‘(d) It should be noted that the for-
mula glvw more accurate values than those
shown in table 2A-3. . However, the total Lg
obtained by either method varies very little
and the supply curves (figs 2A-4 through
2A:10) allow for a fairly large error in Ly

-

due to the’scale of each’ supply graph. For.

the solution of any exercise involving the de-
termination of runoff it is recommended that
you use the formula and check your resuits
by yusing figure 2A-2 when solving fqr L;

the exercises in this subcourse will ased
on:the formula method.

(4) “Q" computations.

(a) Supply rate ( referto paragraph
-71(1)) -

R-I= 1.5-05 = 1.0 inch per“‘ﬁouf

' O (b) Maximum rate of runoff.m cfs
per acre (fig 2A-5) ' .

» -

-»Turf area:

Locate intersection of L. = 315 on the t
curve. Read down to-abscissa of 23.. This
is the time of concentration (TOC) in min-
utes and represents the time'it will take for
the entire drainage area tg be simultaneously
contributing water to culvert #1. Next, re-
locate L = 315 on the t, curve and read-left
to the ordinate of 1.1. This represents the

um rate of runoff per.acre.

(c) Maximum rate of runoff
through culvert #1 (refer to paragra‘ph
2A-7o) :

Q-—11x147—162cfs ‘

-~

2A-9.‘SAMP|.E ‘PROBLEM FQR COMPUTING
RUNOFF, FOR COMPI.EX AREA *

< 8 Assume that you have been fur-
nished thh the followmg information:

Area #2 Fort Belvoxr, Virginia. THis

ea ip located directly below area #1 used -

in paragraph 2A.8 of thls 1 e

 Avea map:. See ﬁgure gA, 2210
200 |£t)‘.b’“1$ - r

‘e

e1m=

;' ~Thvert %‘Ie%auon of culvert‘#z infot: 24 ft."

; Average grass cover

Soﬂ‘type. GMd. . .0
6.6 acred. | £
Aspha.lt area:-

-

4.7 acres

-You have been mstructed to calculate” the
amount of runoff that only area #2 is con- .

b\'ﬁg,butmg to culvert #2,

R .
- s " . . e "
Figure 24-12. Complex,area map (area #2). o
n'Y - L L ’ L ’ ’
. 4 . . 2A _,16 - K L "
’ v . * '-‘q‘zl" - L.
- . RS X et “
- . , . ) L e 81 o




. ¢ , (
’\ '); : . . .. ' . ;'j
< e _ TaBLE 2A.3. Simple-area “Ly” computations.
. ) AREA No__/ SURFACED_O./ AG- ' TURF_/4.6 AC"" TOTAL /4 7 AC
¥ — *
. : TveeFLow|  SHEET | | . CHANNELIZED' -
R | n 04 (TreLe 2) o.2 (TABLE 2) . N
» PATH L..| § |.patH L s PATH. | L | s
IA | $50'| 46%| I1c | 150 | 4£0%
-4 ” 1B |eoo |45 | , " f
—
>y ’ L “: © ,‘ T
. v R
e - =
‘ A
PUPREES - J . f:_ o o VN & PR R v ‘._w.. i of e a e — e — =
, e | ToTAL /150 | 27 | | 750 | 40
. AVERAGE | 575 467 150" | 407
. Lg 275" (M. 3) - +b (Pia 3y .
" , | ToTAL AREA Lg: 3/5'
& ’ - T L ¢ . €
| /'"o“ 7co PUTATION X
. ’ ~ (Fle 4) " (TABLE IT)
. > AREA NO__/ Tom. AREA ‘137 AC R:_/5  HR. I=_05 YHR.
Y . : - .
8y . ~ SUPPLY RATE = R-1 :_LX .- O5 = /O "7ur .
' CLOSEST SUPPLY CURVE s . :
. %} o : a/a =_LI cr-‘s FOR Lg _Q__FT (re 7) -
‘ - Toc :_23% mN ("/" 7) é
- . TOTAL e.;e Q/A x AREA‘:-'_././" x 147 : /6.2 ch. ;\)
. N «d .'
» R ’ ’
.j ‘.
. , ‘ «
o . . .
. s 3 - *
- , . - S ¢
- Q. » !
¥ e * 6 %
-~ - » d ) ' ' o . » '
. ) ) a » .
| ’,' . r ’ 85d ’ v o
P -
-y . <ok




* Sonsidered a “complex’; avea.

" how to complete table 2A-4.

- ‘ r . v
v 7 . s

b. Determine if area is simple or com-
plex, :
‘total area = 113 acres - )

6.6 '
~—— X 100 = 58.4 percent -«
118 .

Since one type area does .not
cent of the tota] area, this

80 per.

¢. Examination of the map, figure 2A-
12, will reveal that subarea “C” g approxi-
mately, equal in size to subares 'Q”. The
ratio of each subarea to the total area is
therefore about 1:2. From this analysis, one
representative path of How in each subarea
should be sufficient to describe all paths of
flow in each subareas.

d. The following calculations {llustrate
. g
* (1) Lg for path D

25 Ln

L‘=‘—__.

VS

e T2E) (70) (4)

. V33
(2) ‘L;" for path E
_25FEn . |
RV
_ (25) 1360) (0.02) .
S Vs
. + (8) Lgfor p&H(F )
). (25 360) (2)
.. L = \/1_3
(4) A X Ly for turf
(6.6) (288) = 1900 \\.

o

Ly

[ 4
v

‘& (5) Ifor turf = 05 (table 24.2), ™ .
“(6) oforturf =R-I=15-05=10,

() A X oforturf =66 x 1.0= 66

”»
'® Welghted Ly = 5 1
’ e =
() Welghted Lz A + A,

area is’

’

/!
RN . L. 2A—-18

(Para 2A-Ti(2)) .
Weighted Ly = 2228 — 179 g

(9) ‘Weighted Supply Rate =g =

M (para 2A-7i(2). )

A;' + Az
: . 137 .
Weighted Supply Rate = s
= 1.21 inches per hour '

° . (,19) For area #2 the®'maximum rate
of Tunoff is 19 cfs at culvert.#2.

2A-10. SAMPLE PROBLEM FOR COMPUTING -
"o RUNOFF FOR SUCCESSIVE AREAS

" a. Whas is the maximum rate of runoff
at culvert #2 from areas #1 and #2 shown-
in figures 2A-11 and 2A-12 respectively?

b’ For this problem it is assumed that
the runoff from ares #1 (simple-area sample
problem, para 2A-8) flo .
through ditch #2 to, culve
tributes to the runoff from
plex-area sample problem, p

iving at culvert %2, .

¢. . To solve a successive-aipa -problem,
it is first necessary to determine the equiva-
lent léngth of flow from each area contribut-
ing to the area outlet in question. Then the
equivalent length of each contributing area

+ and the supply rate of each contributing area °

‘are’ weighted with respéct to the total area.
Table 2A-5 shows the computations that are
needed to solve this problem.

d. The following calculations illustrate
how to complete table 2A-5, -

(1) Area #1,

. ;(a) Lg of 315'ft (Refer to para
2A-8; table 2A-3; fig 2A-11).

(b) Le:of 460 £t ditch shown in
figure 2A-12.
25 Ln

Ly = — =20

¢

»
a

T




A LY ’ , l
= R L .
.t ‘ , A 1 . 7? "
o ) . o % TABLE 2A-4. Complez-Atea “Lg” Computations
. X ' ) \ AREA NO_2 , » SURFACED_47 AC  TURF.G.G_AC TOTAL_/L.3 _AC . ’
R , . - - °
. Jrvee FLow| SHEET, (TURF) SHEET (SurrAcED) Ditecy
™~ o4& \ - ooz 0.02
Em-g e s’ | PaTH L s PATH L '8
i 2D | 5707|392 | 28 | 360" | +5%| 2F |'360'| 132
* / i i
LI ’ _— = — = -— — = o —
Co " TOTAL .| 70 3.2 360 | 4.5 . | 369 | L3
FMVERAGE 570" 397%| 360 | 45% 360'|'13% |
e . e8s’’ Y 16’
] * | ToTaL AREA Lg = 288° ‘ . TOTAL AREA Lg =° a5’
L - . , - - ’
v . ® ° .-' R b . -
: ' COMPLEX AREA. ' . R L5 /wR
AREA  |° ACRES L AtlLg 1 e 4| Axe
% | Torre |* 60 .| 288 | 4900 | 05 o 6.6
soke | #7 | 25 | e | oo | 154] 72/ F
* ) S S & = = 4=-_
TOTAL' .3 2018 . 4 12,7 .
- . ,; " — .
. T . ToTAR AtLJ.-L- 2Qls - )
WEIGHTED Lg = A = 179 F1 )
¢ | TorTLTA N /.3 ' . ’
- ' .“WTD. SUPPLY RATE = %ﬁ- : /7?"1- s _12] R
. * 7 . - ' = ° . '3 : ’
) CLOSEST *SUPPLY CURVE _ /2
’ - . ‘ <. : o /
> . a/h = L7 cFs FOR WTD. Lg =_179 .
) g X . .. . : p
. TOC = /9 MmN . _ T ~ ’
g S - .TOTAL Q@ = Q/A x TOTAL AREA :_L7 v /.2 = /2.8 crs ’ '

‘ ’ ) . » - . : ¢ SN
. s ' AN . . '
. .
4 t. - . .
- Te " . *
. .
. .
* A}




g0

[}
TABLE 2A-8 Successive Area Cpmputations
T

1

Area  No | . : .
TYPE FLOW PATH L s n Lg ‘
" Aren | Lg To |AReA |OuTLeTCuLveRr No)) 35’
2 ’ .
x @ 5 DiTek (No. 2) 2G | 460’ | 44-Z| 002 1] / ’
gt , a%
-
@ ] . , (Y
- - = / 0
- TOTAL Lg AT ULTIMATE OUTLET = 324
_.AREA - No 2 .
u TYPE FLOW PATH- | L . s .| n Lg |
>
e 82 | AREA 2 Lp, o ARRA OPTLET (cULVERT Mo2)) 179
O w W
Loz |- - . o - e e
8 <y s [ N s
7] h) .
1 * — - k] .
" | totaL g A ULTIMATE OUTLET = 179
+ R - ’ .
SUCCESSIVE AREAS : R:_— "/HR
y = o = —
. AREA ACRES Lg Axlg |y I - Axo
Y 326 | 4Y92 |/ = .0 14.7 «
2 1.3 | 179 2023 — 2 /2.¢
TOTAL 26.0 68/0o 28.3 |.
« . xS ) ‘ . . <
T . JOWAL AxLg 6810 . -242¢
7 WEIGHTED Lg TOTAL A Seg | —2L2fr :
' . JTOTALAxe | 283/ pg
WTD. SUPPLY [RATE = ——rrr=p 565 —22 VHR. .
CLOSEST SUPPLY CURVE___ L O . .
L no: L./ _cFs FOR wTD, Lg =_262 FT. P
"roc =__2/ wmin _ .
. _TOTAL ,Q jo/A x TOTAL AREA : 'L/ x 26.0 - 28.6 cFs ,
. ' ) ) °
. e
- : . ' s
, . A 2A—20~7 . - .
&8 g "




0‘ é) .
[y
’ . _ (25) (460) (0.02)
- L * - . \/4-_.2 * -_ . )
' =80 o
‘ 2.1 .
‘ (2) Area #2

Lz of 179 ft (Refer to para 2A-9;
table 2A+4; fig 2A-12).

(3) Successive areas

AL +AL
(a) Weighted Lg ! 2

‘.A‘x + A"

Py . .
- Note: The following exercises are study
aids” The figurgs following each questlon re-
fer to a paragraph containing information
related fo the question. Write your gnswer
in the spate below the question.- Whén you
have finished answering all the questions’ for
, . this lesson, compare your answérs with thoge
/- glven for this lesson in the back of this book-
’ let. Do'not send in your' answers to these

> Teiéw exercises y
"1, In Talpot’s fo:mula method
how is the slope, cover, and shape of
the drainage area accounted for?

(2A-5)

[ ol » - .- -

, . P =
o .
o- . . ) -‘ ) x

-« © 2. In adjusting the value of “C"

) " . for Talbot’s formula, which way is it

~" 4 - . ° adjusted as the length of*the drainage

= : ~ . 2A —21
. L] .V

o . REVIEW EXERCISES \ .

. v . '
-
(Baragraph 2A-Ti(3)) ,
Weighted Lz = -6—8]19 = 262 ft
26.0
. ‘ (b) Weighted supply ,rate = ¢ =
Ay g ‘*“ A; o
A@ + A,
» 28.3
o Weighted supply rate = —=
velghted supply 260
=,1.0%.inches per hour
(4) Maximum rate of runoff at culvert
#2 from areas #1 and #2 =
«  28.6 cfs.
&

-

area decreases ip relation to its width?
(2A-5) ) . .

3. . Referring to table 2A-1, what -
size culvert opening would be reqmred
for a drainage area of 75 agres in flat
terrain? (table $A-1)- - .




PO

TL

4. Using the nomograph on figure
2A-1, what diameter of round pipe, in

- inches, would be required to drain 100

acres of rolling terrain (use C = 0.4),
(fgure 2A-1).

-

5. Using' the appropriate mathe-

" matical’ formula, what diameter pipe,

in inches, would you order-if you had
determinéd the required waterway area
to be 7 square feet? (2A-5)

8. ~ Curves developed from Horton 8

equationforuseintheCorpsofEngi

mezz-mmet.‘nod for determining runoff
based upon a specifi¢ retardance
coeflicient and surface slope. When
thede factors vary, how are ‘the’ curves
used? (2A-8¢) .

;o 0'

[

. To e the curves referred to
inaxerciaerhenthearee.ofconcem

>

is'a complex area, what action ‘must ~

be taken With regard t6 the equivalent
length’ (2A-Bc)

\ { .

£ .
. ) -
do ‘ T
» g ‘

Ll " F- -

8. " How. do you determine the

equivalent length of flow for a ple.

area in which sheet, channelized,‘and
ditch flow are all present? (2A-7i(1))

.

4

>

, L

9. Infiltéation Yates as given ip
table 2A-2 have a considerable range
spread percentagewise. How is the
specific figure selected? (2A-Tk(3))

e e -~ TV S -

~

10, Of fhe.suppl curveg shewn in
7 figures 2A-4 throug 2A-10;, how do

you ‘determine which one to use?
(2A-71, m) .

[N
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' SR S LESSON 3 .
P . a .
. Ww ' DESIGN ‘OF DITCHES AND CULVERTS
- . CREDITHOURS ______ _______ . _____ 2 X .
TEXT ASSIGNMENT ___________________ Attached memorandum
. MATERIALS REQUIRED ________________. ~Annex A, v
' LESSON OBJECTIVE ______.____________ To teach you deliberafe mefhods of ditch and
# . culvert design.
" SUGGESTIONS _______________________ Read the attached memorandum through
- rapidly to obtain a.knowledge of its scope.
/ Then read it through carefully, underlining
- - o the important points and ob|echves Scan °
o, Annex A. Read the review questions at
. the end of the lesson. Study the lesson, -
. ? - searching for answérs fo the review ques- ~
tions, and write your ¢ cnswers in the spages
' provided. Finally, check your answers
- with the answers given for this lesson at
, N the back of this booklet. Review as neces-
. 7 sary. - : P
g ATTACHED MEMORANDUM }
, | 3-1. ,GENERAL . penods Where  existing dra.mage structures
T - are to be used, they must be checked to
In lesson 2 you learned how to compute determine whether they will be adequate to
surface runoff. This lesson will teach .you carry any 'increased runoff rwultmg from
how to design the ditches and culverts that ;. proposed rconstruction. . The sizé and
_ . Jdust be’ used to e}carry “this. sgrface runoff _gradient of pipes and well-maintained chan-
C T~ g from the drainage’ area. “nels required to discharge design storm run-
. - Coe o, off may be determined by Vta.nmng’s ~for-
' +~ - 3-2. MANNING'S EORMULA mula:
& - 8. After thy distharge has b comg, - . - - . . 1486 _,
puted, the required ’channel or pipe sizes for Q= A_". a R?2 812 where, .
- ! wvarious parts of the drainage system can be y ) < :
_ -determined. AIl drainage structures must - Q ='rdte of flow in cfs 4
~ be large enough to carry away the maximum A = oot £ fow i
- - design discharge. To prevent infiltration into . A :Zosfi sectional area of flow in

. the subgrade, water .should not’ stand in
- drainage facilities -except for very brief

‘I

1486 = a cc;nstant




n = a coefficient of roughness (Man-
mngxs unn)

S = slope in feet per foot

R = hydraulic radius in feet. (Area
of flow divided by the wetted .,

4 . perimeter (wp).) ' . ‘

b. -The wetted perimeter used to calcu-
late the hydraulic “radius is the lineal mea-
surement of that portion of the perimeter of
the ditch or structure actually wetted by the
» low. The mathematical formulas for \Qeter-
mining the values of wetted penme
as follows:

(1) V-ditches: (fig 3-1) ' J
=2 /& e

(2 Trapezoidal ditches: (fig 3-2) -

pr=2\/(i.:)2+d2+.b

c. Manmngs coefficient of roughness
(n) is based on the friction between the
water and the ditch or culvert surface. In
the field the value of n is determined from
experience. Annex A-2 gives no values;
of n for most surfaces. If time ig\a vital
factor in ditch-or culvert constructipn, an}
n = 0.025 may be assumed for h con-
struction, ’

Figure 3-1. Cross section of a V-ditch.
N
b N U [« R |
rd

! -

l

|

I
4
©o
I

Fzgure 3-2. Cross section of a trapezmdal dztch

. d. The slope in feet per foot (8) is
either measured in the field or given in the
design specifications.

by dividing the cross-sectionsl area of flow
by the wetted perimeter. For example a ¥
ditch with 4 to 1 side slopes and a depth of °

+ 1 foot would have a hydraulic radius equal
tO L A

B

( e. The hydraulic radius’ is determined .

‘

)

8§ x1
2

'R= .
ETS

4/
= = 0485 £t
2 V1T .

1. )Figure 3-3 will be found useful’in

. reducing gome of the more laborious cdleula-
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* ‘tions involved in the solutlon of ing’s R =4 - 4 _ 0.485d
formula, - : o o ‘ Wp 8.25d ‘ .
3.3. EXAMPLES Manmng’s formulaQ A 1486 Rexssue
. -The followmg exa.mples show % rinci- - 1.486 n
} - plés involved in determining the~depth of 4d2( 8 ) (0.485d)27* (0.01)1/2

flow of 4 ditch for a given longitudin4l slope.
roughness coeﬂicx,ent and rate of runoff.

a. V-ditch:’ The area draining into the
d1tch has a rate of runoff (Q) of 10 cfs. The

10, =-442%(74. 31 (.485)%/3(d)*2 (0. 01)1/2
10\= 44d%73(74. 3) (0.62) (0.1)

. ditch has a 1 percent slope,-a roughness co- 0.542 = g8,
efficient (n) of 0.02 and side slopes of 4 to d = 0.542%/8
1, as shown in figure 3-4. . . -
> , ' d = 0795 or 0.8 ft-

; -4d —4d i
|

| o . ' Knowmg d we can now solve for the velocity
' (V) in the ditch by the formula Q =VA
/ i - ) .
o ' -4 ] . Q 10

& V=—=————39ft/sec
- Figure 31; V-ditch used as example'm ‘A 4(.8)2 .
' paragraph $:8. ) s
. Lt + b. Trapezoidal ditch. The area drained
Solution: . . by the trapezoidal ditch has a rate of runoff
@ A= ad - - > of 29 cfs. The ditch hag a 0.6 percent slope,
. L. i a roughness coefficient of 0.03 and the cross
, Wp = 2\/164 + @ =‘8.25d - sectionf of the ditch is shown in figure 3-5. « -
¢ 4 i
— L - J
: A
. 5.

Figure 3-5. Trapezoidal-ditch’ section.
i o

- 1
-
by

1486[9d + 1.5d27°

Solution: . .. R - 2/3
o . S = (9d + 1.5d2) ]
A =29 + 15 ‘ Q= o 203 L360a + 9
* - .
2 ‘ ' [9d + 154272
ER : = (94 + 1.5d?) ——]
A . Q 3.60d + 9
wp  360d + 9 .. (.07T5) (49.53)
Q = A 1486 R23g172 ‘The solution of this equation by the, usual .
n, - means is lengthy and laborious involving
3—4 o -
‘ 24 .

Wk

or




several powers'of d. It will be found simpler
to solve by trial and error, using dxfferent

. valués for d until you arrive at a value for Q

approximately .equal to,29.

“"Assume d = 1. _

” . 2/3 .

Q =.105 (-19-5) (3.84)
'.. 12’6

Q = 10.5(0.833)%* (3.84) =
10.5(0.885) (3.84)

Q =-35.7 cfs
A Y
Since this is larger than the actual Q of 29

cfs, the assumed depth, 1 foot, js too large.

Assump-d = 0.9: " _
: 8.1 + 12277,
= (81 + 122) }—————| (3.84

G-y v [£22)

2/3
T Q=358 ( 9.32

= 35.8(0. 760)2/3"
Q=299 cfs

Smcetheactualle290fsxtcanbeseen\
from the above calculation that the depth of
flow to the nearest tenth of a foot is 0.9 ft.

Solving for €he velocliy in the ditch:
d =09 _
A = 9d + 1542 = 81 + 1.22 = 9.32

3.4. CONSTRUCTION EQUIPMENT CONSIDERA- .
TIONS

a. The shdpe of the crods-sectional area
is primarily .governed by the required ditch
capacity and the capabilities of the available
ditching equipmeént. For the development of
ditch sizes, a steady and uniform flow, to-
gether with a constant longitudinal ‘'slope and
roughness coefficient, are assumed; there-
fore the cross section of a given ditch will .
remain constant throughout its entire length.
It is also normal practice to design ditches

2’7

b The mpst desirable "combination ot~ *
motorized construction equipment may rarely

' be available’for ditch corstruction, but the-

same machines which are usedin the gradpg
operations are usable fqs ditch construction.

" The metorized grader is perhaps the best

_single machine for ditching, but other ns-
" chines such as the towed scraper, motorized
scraper, bulldozer, or crane-shovel with any
excavationr attachment may be used. The
grader js primarily used in the construction

of V-ditches but-is also useful for construct- L

ing the gilte slopes of trapezoidal ditches.
Graders can efficiefitly construct V-ditches
up to a maximum depth of 2 feet with side
slopes 4:1 or steeper. The scrapex:-grader
combination is best for construction®of trap-
ezoidal ditches. The ditching limitation of

" thiy combination is a minimim ditch base

width of 10 feet, the working width of the
scraper. The ditch is usually dug,to a mini-

‘muni depth of 1 foot. Any side slope may be

used that satisfies the hydraulic requirements
of the flow in the ditch. .

3-5. 'CULVERT -DESJGN ",
A culvert is a conduit to convey water:
through an embankmient. For such common ~

" and simple structures culverts have never

received the attention which they require.;
. There is no substitute for the correct instal-
* lation procedure as covered in lesson 4. In
this lesson we are concerned principally with
selecting the most economical size of culvert
to carry the runoff through embankments.
There are three factors which we must know
about the culvert:

Type of pipe to be used: corrugatéd metal
pipe (CMP); concrete pipe, etc. :

. Size of 'f)ipe to be used>”

Slope of the culvert.

3-6. SIZE OF PIPE . s

After the slope and type of pipe have been
selected, the size of the pipe can-be deter<

to have about 6 inches more depth than the mined. From the drainage analysis e
depth of flow resulting fvom the dmgn run- area we calculate the peak rate of at
off (freeboard). : . the entrance to the culvert.hy Hort r-
- N\ .
3$—5 i
a 9 5 B ‘ ,

-




miila. %) select a pipe to handle this rate
turn to annex A-4, table of pipe capacities.
Annex A-4 ig divided into two tables, one
for corrugated metal pipe (CMP) and one
for concrete pipe, because “Manning’s- n is
different for each type. For- ‘example, we
have an area with a Q of 29.0 cfs, and several
sizes of CMP on hand.  What size CMP is

needed to handle this runoff if the channel *

has a 1 percent slope? From annex A-4 we
see that a 30-inch pipe will carry 22 cfs at
1 percent slope. Since this is less than the
expected design runoff we will use a 36-inch
pipe, which is capable of carrying 36 cfs when

‘e -

S
3.7 FACFORS AFFECTING .FLOW

F'ror;i annex A-4, you will notice that, up
to a certain point, increasing the slope of a
pipe increase§ the ability of that pipe to
carry water. The point at which an increase
in slope no longer increases the capacity is

called the critical slope. For example a 36-

inch CMP culvert reaches its maximum dis-

charge at 1.6 percent slope. At this point

the culvert is‘most efficient. When the slope
exceeds the critical slope, the velocity of
water increases but the depth becomes
smaller so that the cross-sectio area is

" reduced. Because Q = VA, the¢*same amount

-
L4

REVIEW EXERCISES

Note: The following exercises are study
aids. The figures following each question p
fer to a paragraph containing information

.related -to the question. Write your answer

in the space below the ques‘aon When you
have finished answermg all the questions for

,this lesson compare your answers with thoge

flowing full 35

S very probable that the’ greatest velociies will

1]
ﬁ‘te
S

»

of water passes through the pipe as when 1t
‘wag at critical slope. Therefore, do not as-."
sume a steeper pipe will dlwdys increase your
margin of safety. Instead, if the critical -

" slope’ is exceeded the velocity may beYin-

creased enough to cdiise severe erosion at

o0

the culvert outlet. v

- A4
.=

3-8. VELOCITY ° R 4 P

Assume that a drairigge syptem discharges
a given volume of wéter. In most cases, when
a water channel of this sysiem is restricted .
in cross-sectjonal area city of ghe, s ° 5
Water inereases within the restncted portion. ]
Smce the culverts are more restricted in
'cross-sectlonal area than the, thches it is

-©

occur in the culverts. Therefore an analysis,,. .

of culvert velocitie$ will usualy indicate ° 5

whether there are any excessive velocities in

“ the drainage system. Annex A-4 shqws the
velocities for various sizes and slopes of pipe.
If the velocity is above the atceptable limit,
the ditch slope will have to be decreased, the
ditch paved, or weir notch dams (lesson 4),
installed to check erosion. Annex A-3 hsts
the maximum mean velocities for streams
and channels. The minimum slope satisfac- &
tory for clear unlined channels is 0.5 percent.

\

- 3

2. What information will you ob-

Fiven. for this lesson in Back of this booklet. tain-by proper application of \/Ianmng s -
Do not send in your sélutions to these review formula" (3-2a) . ' . .
exe;clses o _ ’ ’ . N
. 1. What is the general criteria for . .
*  determining the size of. drainage struc-
tures? (3- 2a) ) ) ,
pN 3—6 ‘
x. a ( - N
. .
I~ 2 - é J l ’\‘ ~
» T
- & o :

%
o

' & \.§




i - . " ‘
' . ) 3. Enter Manning’s formula:in the 8. Determme the hydrauhc radms
o space below; it will be used frequently of a V-ditch with 3 to 1 side slopes-
: « in the remainder of this lesson. (3-2a) and a depth of 2 feet. (3-2e)
t ’ h
{ d - , o, - ) ~ )
! . )
4. What is meant by the term. 9. What is the hydraulic radius of | '
“wetted perimeter?” (3-2b) a culvert 36” in diameter when it is
- flowing full? (3-2b(3)) (3-2e) - (
e . \ )
+ ¢ "
p; 3 ! | ) s *
5. Write the formula for the wet-
e . ted perimeter of a trapezoidal ditch. 10. What ig the depth of flow (d)
(3-2b(2)) - in a V-ditch if the runoff rate:is 16 cfs,
: - ~ the ditch has a.1 percent slope, the
' » ’ roughness coefficient (n) is 0.02 and =
‘ - the side slopes are 3tol? (3-3a)
‘ 6. What is the value of Manning’s g
" “n” for corrugated metal in good condi- .
¢ 5 f tion ip an open channel, nonvegetated? ‘
(3-2¢) (annex A-2, Tb) = “« .7 ‘ ‘
‘ 11 In the exercise above you were
‘given a rate of flow of 16 cfs you
. ' determined a depth of flow.of 1 £t¥ You
: were also given a V-ditch with 3 to 1
< : v . side slopes. What is the velomty of
. ) flow? (3-3a) :
b %. How is the “hydraulic radius”
~ of a drainage structure determmed" .
' ’ (3-2¢) . - . ~ . ,
Y e 2
L . - i .
1 ¢ .
b F - . ’ N
“ - 37 !
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12. Assuming you have solved Man-
ning’s formula to this point: Q = (94
9d + 1.5d2)2/3

36d + 9

(.0775), and you have a runoff rate of
75 cfs, find the depth (d) by trial and

‘+ 1.5d2) (49.53)

.

16 Name the three factors that
*  must be known about a culvert to de-
termine its carrying capacity. (3-5)

¢ ! . . ’

-~

[

error. (3-3b) , " .
17. X you have a calculated runoff k¢
‘ . + of 29 cfs and a 36-inch CMP available, .
what minimum siope should it be laid -
\ ' at? (3-6) (annex A-4) ’,}
+ g _ .
. 13 Wha}“ﬂre the two factors that
\Eiz:aarily determine the shape of the w .
-sectional drainage ditch? ) '
(3.43)8& ?'n, ax.‘ea’ofa ge aite 18. What volume in cfs will a con-
v crete pipe of 36-inch diameter carry
f if it is laid on a slope of 0.8 percent?
v e et otk € v e ; — (3-8) (annex A.4) .
T . ) .
14. How much freeboard is normal- ,
ly allowed in the construction of a ) . -~
drainage ditch? (3 ,43) 19, What is the «critical slope upon
which you may lay a 24-inch CMP?
(3-7) (annex A;4) - .
- « . A »
A
15. What ig the minimum ditch base PR
,width that can be constructed using a ‘ . ; Y '
"combination of scraper and gradergm 20.. At what slope gogs a f ul;e7rt - =
construction of the ditch? (3.4b) achieve its maximum efficiency? (3-7) A
y /) \ ‘ ?
. ' 21‘ What will the velocity of water ' 22, What is the maximum allowable
- flow be in an 18-inch CMP if it is carry- velocity for-an erodible earth channel
ing 8.8 cfs? (3-8) (annex A-4) ’ of ordinary firm.loam if the water ig
. e " clear except for'fine gilts? (3-8) (an-
! : P “,:,.'o- ! ‘nex A-3) . .
™~ o) . ':' \° o \ ." . *
. e B - T ‘ v,
/ [ a . " zg: r;w’,\ g ' 9 8\ d
x "‘V‘ - S '~ f-‘ ) B
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.. _ _ LESSON 4

4

DRAINAGE CONSTRUCTION CHECK DAMS, DROP INLETS,
CULVERTS, AND PONDING

 CREDIT HOURS

-

TEXT ASSIGNMENT

MATERIALS REQUIRED
LESSON- OBJECTIVE

Review lessons 1, 2,” and 3.

_Attached memorandum.

__________ T S—

Annex A

To tea¢h you how to install culverts, to design

.ch

.use p

dams, to design drop inlets, and to
nding for safety and economy.

SUGGESTIONS

g

Read the attached memorandum through
rapidly to obtain a knawledge of its scope.
Then read it through carefully, underlining
the important points and objectives.
the review questions at the end of the les-
3on. Study the lesson, searching for an-
swers to the review questions, and write
your answers in the spaces provided.

Read

_Finally, check your answers- with the an-.

swers given for this lesson at the back of

* EQUIPMENT
‘Open ditches with sloping sides’ may be

. excavgted ‘with a.grader, dozer, scraper,

bower shovel, or dragline, depending on the
_sfze of the ditch and the prevailing working

- cond1t§ons Narrow trenches or ditches with
~ vertical sides normally are excavated with a

ditcher-if the soil is practically free of stone,
bouliderg, or hard stratifief material. This
macbme makes better progress if it travels
downgrade whxle dxggmg, but if water will

4—

the trench must be excavated uph111 to avoxd
working in water. -

A<2. SIDE DITCHES

~

Water draining from the roadbed surface
is, collected into side ditches for disposal.
These side ditches generally serve to collect

. wat&r from a considerable area adjacent to
the road. They should be of adequate size
to accommodate the runoff both from the
‘roadbed and from such! adjacent areas. Side

- , ?

1

. this booklet. Review as necessary.-. . 7
- R T
o ATTACHED MEMORANDUM N s
| Section 1. ‘DRAINAGE, CONSTRUCTION, CHECK DAMS, AND DROP INLETS
' ',4-1\.J EXCAVATION OF DITCHES WITH decunfulate i in the trench’ durmg construction
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" ditches are a potential danger to*traffic. To

- reduce this danger to a minimum, the-shoul-
ders should be constructed as wide as prac- .
ticable and -with a slope toward-the ditch. .

If possible, the required cross-gectional area
should be obtained by constructing a broad

" ghallow trapezoidal ditch. This type of ditch

has a large capacity. Its minimum depth”
below the edge of the shoulder should be-1l, ~
feet. e cons ‘
trapezoidal ditéhes with narrow bottom
widths (less than grader or scraper width)

=18 difficult, and may have to be done by hand.

For flows up-to 70 cfs, theé V-ditch is prob-
ably more easily constructed and naintained.
Side slopes should not be greater than 1%
to 1 in cohesive soil, and 3 to 1 in, sandy or
{ioamy soils. When possible, ditches shotild

deep enough to lower the ground-water table *

under the road to below the subgrade eleva-

tion, and thus permit drainage’ of the sub- .,

grade by seepage into the ditch. Where ‘it
is economically. possible to develop and main-
tain turfed side slopes, the side slopes of
ditches should not be steeper than 4 horizon-

tal to 1 vertical, to facilitdte mowmg and

operations incidental to maintenance. (Ditchies
with comparatively flat side slopes must be
protected againsat indistriminate crossing of
these ditches by "vehicles, The longitudinal
grade of the difch must be great enough 'to
provide free flow of water along the ditch,
with velocities that are “self-cleaning” but
do not cause erosion, To prevent the flow"
from standing in low: placw and seeping into
the ground, a minimum grade of 0.5 percent

should be maintained. The maximum grade—’

depends upon the erosivertendencies of- the

soil in question. Soils with a high percentage .

of rock erode more slowly, for example, than

clay or sandy soils. Where longitudinal .

grades of 4 percent or greater are encoun-
tered, high 'velocities, indiiced by large vdl-
umes of water, may require erosion control.

4-3. EROSION CONTROI.

Erosion control is not. only required
avoid possible hazards to movihg traffic;
also to maintain an effective and clear drain-
age gystem with a milimum of mamtenance 5 ?

I s N

<4

ttion and ‘maintenance of

4

Erosion may ocgur at any point where the
“force of moving water exceeds the cohesive
force of the material with which the water
is in contact. There are numerous methods

* by which erosion’ contro] .may be accom-

plished. Mdst methods of control are either
‘based on dissipating the energy of water or
on providing an erosion-resistant surface.

a., Terracing is a control measure de- -

-signed t6 dissipate the energy of_overland
flow in gonuse areas. A terracg consists of
a low, broad-based earth levee construgted
approximately parallel to the contours, and
designed to intercept_and hold the water until

it infiltrates into the soil or conduct it as’

overland flow to a suitable discharge point.
Tables of “vertical spacing and gradients of

. terraces are given in T™ 5-330. Plans and the

desxgn ‘of terraces are als6 adequa,gely cov-

) ered in this reference

b. ’I‘urﬁng, chéck dams, pla.cmg nprap, .

and spreading rubble are control methods
designed to cause turbulénce and increase
the, retardance in order to dissipate ‘the
energy of flow in channels, ditches, and pipe

" outfalls. Ditches are often profected.by
. Placing strips of sod held in place by wooden
boards or ‘'stakes perpendicular to the path

of flow at.intervals along a ditch.

-¢. Selection of ' the proper percent of

glope for the type of materials contained in
cuts and fills is a methodest control based on
design. Paving w1th asphalt or toncrete may
be used ’co'provxde an erosion-resistant sur-
face in_gutters, ditches, and pipe outfalls,

and s usually required in ditches-on grades

in excess,of 5 percent. - Pavmg 1s not gener-

ally recommended because it is expensive-

and the water still has ¢rosive energy which
must be controlled at gome point farther
along the system. .

- 4—4 CHECK DAMS
* On mdehﬂl cuts and steep’ grades check -

dams are placed in side ditches to slow .the
wiater and prevent erosxon, Check dams are

not used when the grade exceeds* § percent )
* because this would require. placing the dams -
“too close togéther. In such cases, side ditches -
, ' ¢




} . ‘
should be paved with bouldets or timbers.
Also, if ,erosiog,is a major problert? as in
sand cuts, lined ditches are better than
check dams.

a. Spacing. Check dams are s‘f)aced
close enough'to produce abont a 400r50to 1
slope. The drop for.the check da.m should be
at least 1 foot and not more ‘than 3 feet.
Aprons to prevent scour On the 40wnstrea.m
side of the check dam should extend approxi-
mately 3 fe€t for each foot of vertical drop
betwetn the bouoi?}ff thesweir notch and the
top of the apron. “The formula for computing
the space or distance between dams is as fol-
lows:

= 100 x 8 H, in which
A-B. ) :
= distance between check damsgl
feet .
height of drop in feet for each
check dam
A ongmal slope of water in dltch
in percent |
B = final slope of water in ditch in

,percent

To locate the dams on the grgund divide the,

length of the ditch by the spdeing. The first
dam is always at the bottom of the adverse

S

grade. For example, supptsg you want to’

reduce the slope of an existing 550-foot ditch
from 3 percent to 1 percent with check dams.
The check dams are to have 1 foot of drop
per dam. See figures 4-1and 4-2and table 4-1,

Flgurez-1. Chec‘l’c dam spacing.

GRADE_OF CENTER

-

SPACING IN FEET

Figure 4-2. Method of computing check dam
spacing. -

100 x 1 100
§=——""-= = 50 ft.
3-1 E_

Nimber of dams required =

‘(@=11 3

The 11 dams will take up {1 feet of the differ-
ence in elevation of the ditch. 550 X .03 =
16.5 feet total drop in the-ditch.

16.5 - 11 = 55 feet
5.5

550
ditch

¢

X 100 = 1 percent final slope of

TABLE 4-1. Spacillg of Check Dams

‘s

Difference .
in slope (A~B) in

Values of H, in feet

percent.

e
1
1%
2
2%
3,
3%
4
%

| s 8gsax8 8-

2 2aqag BB gl
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b. ' Weir notch.' The weir notch is the ¢. Construction. Check dams may be
\ discharge slot at the top of the check dam. constructed of timber, sandbags, concrej:e,
The depth, of flow may be assimed and the rock, or'similar materials.. They must extend
» length of the slot then calculated by the at least 24 inches into the sides and bottom
1 formula Q = CLH®?, or the length of slot . of the ditch. The helght of top of ditch aBoye)
may be assumed and the depth of flow then ' top of check dam should ke at leagt 12 inches.
calculated by the’same formuld. The slot is Pide slopes of the djtch above and immedi-
always constructed 1% foot deeper than the ately below check' dams will require protec-
‘ depth of ‘flow as a safety factor (fig 4-3). tiow from erosion. An apron must bepro-
: : vided to prevent ‘'scouring. The weir notch
’ ' must hdve-a large enough capacity to dis- "
. . charge the anticipated runoff, or water will
l WATER LEVEL back up and start cutting around the edges

. \.\\3&\ 0.5 FT SAF.TY © of the check dam. Typical check dam con:

<

3\ shuchoanustratedmﬁgureM . N
, :ez §
N
’ \\\T\ \\ \\\\\ \\8
, /
/ N_L
-/ Figure §-3. Weir notch. = -
S, .
Q= CLH"/2 . .
Q = peak rate of runoff through
diteh in cfs T
C = 3 (a constant)
' L ="length of weir notch'in feet
. H = depth of ﬂow through noteh in Figure k4. Check dam construction.
. feet . ’ L
‘ , . N 4-5. DROP INLETS : ' ‘
Example of weir flow : < . Lo ‘ ‘
. 2 - AL - Situations calling for the use of drop inlets,
- CLE® . . . may arise when the runoff from a surf,ac
Given: e, . .~ - areg, such as an apron for aircraft or glstor- .
ot o . age area, is too large to continue withoyt
Q‘ =3 ct:s, N ’ : L * . intencgption before it leaves the area. Usually
=3 - R L L‘the area ig graded so that the water is di-
- e N - N . rected toward a sHallow ditch where<it is ‘ /
_ L =21t ] . e . intercepted by grate heads (fig‘4-5) which 3
] Thére,'fote: : ’,. : I . allow it to drop into underground pipes. The:
' h 22 ' \ "‘ ' Tapacity of the grate depen upon the depth . |
) 5 3 (2) (H ) A -~ of water over the grate (headl). Dependingon *° .
s 5 s ' * the head, the orifice formula or the weir . .
‘ H = 6 =0.833 D . e ‘" formula is used to determine the discharge of ¢
L ® . the grate (sep table 4-2) \ A sgfety factor of )
- H* = 0885 v t 2.0 should be used for turfed areas where ) g
! grass cuttings or other‘debris may collect in

' Add 5 feet for a saféty factor . - thé gratlng For paved areas a safety factor
D-—-0885-*-05 1385fe’et f ‘ ‘of15shouldbeu§ed \‘

\.‘ wi' { & o ‘: . 4,;.,102 "




PABLE 4-2. Discharge Capacities of Square Grate Inlets in Cubic Feefair Second -
SR ' . . .

’
a

Grate ;Grite - j .
Size, Dpening, ‘Head of Water ontGrate, Feet . v

Inches | Sa.Ft. | 0.2 0.4 0.6 0.8 1.0.1.2 .14 1.6 1.8, 2.0 3.0 LO 5.0 60 7.0 &0 9.0 10.0]

6x6 0,12 |0.3 0.4 0.5 0.’6 0.7 0.7 0.8 0.8 0.9 0.9 1.2 1,3 1.5 1.6 1.8 1.9.20 2.1
99 l0.28 |07 1.0 2.2°%4 L5 17 1.8 L9 20 21 26 3.0 3 3700 b3 b5 b
1292 050 [T 117 20 24f27 29 3.2 3.4 3.6 3.8 BT 5 6.0 646 710 7:% 8.1 é.;
1505 |0.78 |13 |27 3.2 3.8 k2 L6 50 53 5.6 5.9 7.3 &4 9.4 103 11 1LY 126 135

'18X18 1,12 16 | 3.8 I;.7\7. 5., 6.0 6,6 7.1 7.6 81 8.5 10.5 '12.?. 13, 5 .11;8 16,0 17.1 ‘18..1 .19.1

2521 [1.53 L] 0.9 5.2 64 74 8.2 9.0 977104 110 106 14.2° 26,4 18, 20,1 20,8 233 2.7 26.0

4

a2l 2,00 |22 6. ]83 9.6 107 01,8 12,7 13.6 L. 15.2 18,6 20,5 24.0..26.3 28.4 304 32:2 34.0

0:0 302 |27 7.6 [13.0 150 26,8 1845 19.9 22 225 2.7 291 3.8, 37.5 BL1 Wb K75 503 531
3%x36 | 4,50 | 3.2 9.1 16,7216 2.7 2'(;.5 20.6 306 324 3.2 419181 54,0 59,2 63.9 683 72.5 T6ub
1342 6.2 | 3.8 0.6 19.5|29.4 359 3?}9 38.9 416 hhel 1.5 57.0. 651\9 3.4 80.9 87.0 93/0 98.7 104.0
e8| 8,00 | 4.3 12,1 22,3« 34,3 | 43.0 47.1° 50.8 51n3 57.6 60.8 7Th. 85.9 96.0 105.2 113.7 121.5 128.9 135.9

NOTES: ".1, Values to left of HEAVY- line were cé}i;:ulated‘from the weir formila: (= 311!3/ 2L : Perimeter

2. Values to right of HFAVY line were calculated from the orifice’ fomula' Q= 7AH1/ 2 A - Grate Opening
3. Clear opening batween grate tars was- taken fo be 50% of to£a1 grate area. . ’ .
L. Estimated off should ke increased 50% m p‘tved areas, ',‘ .

‘. ¢, Egtimated runoff should be increased '100% 4n ‘turfed areas. — .
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-~ « 7 q lp ~:.... S ‘*y .

. Example: _ . T

Given: Q = 9.0 cfs -

Head = 1.2 ft - -

What size grate would you use if the drain-
age area is turfed? . ] .
> Solation: Since the drainage area is-turfed;»

a safety factor of 2 should be used. The
grate should be capable 6f discharging 2

' " X 9.0 or 18 cfs. Froni Table 4-2, a 30- by
L. 30-inch grate (Q = 18.4 cfs) with a grate
T . . Opening of 3,12'sq ft would be satisfactory.

If the area were paved, a safety factor of -

1.5 would be used. Thig would require a

»  grate with a discharge of 1.5° X 9.0 or 13.5

.+ cfs. A.30- by 30-inch grate"would still ‘be

~ Qiqm'z_'ed since the next smaller-size does
not have sufficient capacity '

[ .

.F’igure '1;-5 . Grate ‘ heads.

4-6. CULVERT PLACEMENT /

Culvert placement includes alinement, ele- -

vation, slopé, spacing, foundation, backfill,
. and cover, -
- ) ~

.
& © -
LR

s O Y

\

B .

»,

2. Alinement. lelverts‘f are placed in
natural ‘drainage channels (fig '4-8) unless
such installations would require an unusually

. long culvert or produce a sharp bend in the
Uchannel on the upstream side. Alinement is
generally not' changed where~the angle be-
tween the stream and the embankment is 45° -
or.more. If & meandering stream.is ercoun-
tered, the culvert should & installed at the
best possible location and the stream channel ,
straightened as necessary (fig 4:6). Where

v » DAM ? DAM J

3

l.

i
f
|

GOOD AUGHMENT

Figute 4-6. Alinement of culvert,

old drainage channels are not encountered,
culverts should be installed perpendicular to
the centerline of the traveled way. In sidehill
cuts on steep grades, ditch-relief culverts
should be installed at an angle of 60° to the
centerline, to allow a more direct entrance

. of water irfto the culvert (fig 4-7). "

b. [Elevation. At the inlet the *bottom .
the culvert is placed on or below, but nof
ually above, the streambed. It is possible

if the culvert must carty high flows and a

small amount of ponding is permissible. If

this is done, care must be taken to prevent
e ‘

T

. 4—6 : o

e,

to put the culvert above streambed elevation -

LY
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Figure 4-7. Spacing a \ditch-frelief culvert.
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embankment $aturation or seepage along the
_side of the culvert. Filling under a culvert to
brmg it to grade should be avoided. If nec-
éssary, place the inlet of the culvert below
thé natural streambed and use drop inlets or
.’headwalls. , Drop inlets require periodic re-
‘moval of acéurtulated sediment. At the out-

.*'let end, the bottom of the culvert should nor-
mally be at the elevation of the surface of .

the stream since it may fill with sediment if
placed below the surface. On sidehill cuts it
ma)} be necessary to place the lower end of
the culvert above the stream. In-this case,
" spillways are constructed to prevent erosion
and backwash, or the culvert is extendéed be-
yond the fill (fig 4-8)

S
| S

Fzgure 4-8. Culvert extended beyond ﬁn to
. Drevent erosion.

. <

‘%
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. e Slope Normally, culverts are placed
. on the same, slopé as the natural and arti-
ficial drainage channels which dis¢ rge into
them. It is generally desirable to use slopes
Jfrom 2'to 4 percent. However, in extrem'e
' gases, where the fall of tiee land requjres it,
0.5 percenttslo_pe may be used as the abso-
rlﬁte minimum. Velocities, which may be de- -
termined by Manning’s formula, should not
be greater than 8 feet per second to avoid
‘scouring, and not lgss than 2.5 feet per sec-
ond to avoid ‘sedimentation. Changes in the
slope of the culvert should be avoidef, but ~
when chariges are .unavoidable, the culvert
should be designed so that the :t/eepé slope
is at the outlet end. Where the/outlet is be
low the ground surface in flat terrain, wate
should be dispersed in a progressively wider -
outlet ditch until the natural ground eleva-
tion is reached: In digging culvert ditches
or installing culverts to slope, a reference
string ¢ used.- On a continuation of the
culvert tenterline, long stakes are driven
about 1 fGot outside the inlet and outlet ends
of the culvert. These stakes.are marked at
a given dJstance above, the inlet and outlet
ends of the culvert and} a strmg is stretched
between these marks (ﬁg 4-9).

d. Spacing. Culverts should be located
wherever natural drainage channels are large
enough to require cross drainage. On side-
hill roads or wherever roads intercept sur-
face water, either in cut or in fill, the water

_ is drained to the low side of the road, and, if
possible, away from the road by ditch-relief
culverts (fig 4-7). On 8-pércent grades, ditch-(
relief culverts should be placed about 300
feet apart] on 5-percent grades, 500° feet_
.apart. The distance between pipes in-multi-"
ple-pipe culverts should be at least one- -half.
the dxameter of the pipe (fig 4-10). o~

e. Foundation. Culverts are construc-
ted on a firmSwell-compacted soil foundation,
except. that box or arch culverts may be.
placed on rock foundation when suitable rock -
is encountered. The foundation-is alws ays
shaped to fit, or bed, one-fourth of the out- |

. side circumference of the pipe (fig 4-10). In
addition, foundations for" pipe culverts are
generally cambered, or convexed upward

+ 3
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FIRST POSITION OF REFERENCE
' ) STRING (LEVEL)

SECOND POSITION OF REFERENCE
STRING (2% GRADE)

expected settlement and to insure tightness
in the lower half of the joints. Sometimes
cradles are built. (for rigid pipe only) to pro-
vide ‘proper support and ta avoid uneven

" gettlement, Cradles should never be used with

flexible pipe because the soil' below and at
the side of the pipe should support the load
uniformly. A cradle would create péint sup-
ports leading to excessive deflection of the
pipe and subsequent failure. The' majority
of ﬁemble pipe failures are the result of in-
adequate compaction procedures, If the foun- -
dation is adeduately compacteq, a slight de-
ﬁectio%:f the flexible pipe will increase the
supporting power of the surrounding soil. If,
however, the foundation material around the

~ culvert contains voids or is otherwise not .
" properly compacted, a slight deflettion of the

-

4—

STREAM, UNE

N
G N &M_{

. e
« GRADE OF PROPOSED CULVERT _ R
. 6" i
. R Figure 4-9. Establishing grade of culvert with ‘Fefer&ce string.
* along the culvert centerline to correct for \ﬂexible ipe will fxot result in a, sufficiently

increase supportmg pressure from the foun-
dation. Hence, the pipe must deflect stifl
further to gain some support( since ‘the*foun-
datxon materidl is the primary source of
strngth or support for a ﬁexlble pipe. This
_resultant increase in deflection will ultxmately
result in failure. If the bearing strength -of
the, soil is completely inadequate} footings
are placed to distribute the load. The spread
footing can be adapted to various types of

soil and all types of culverts except flexible

@lverts

i

f Backﬁll Dirt is backfilled and tamped

by hand or with a mechanical tamper to
one-half the culvert-depthMor to a depth
 sufficient to hold the culvert in place. The
" backfill is t
.other equipmignt, but tamping is done_ by

8

completed with bulldozers and ~

-

-
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4-11). Usually, culverts should 'be long -’

. enough to extend completely through fills to

the point where the fill slope meetg the grouhd
or streambed level. In some instances, such

tas on steep grades, excessive lengths can be
avoided by placing the outlet above the toe *

of fill'or above the stream level. For a cut
section, the normal length would be equal to >
the distance from the bottom of the ditch
on the upstream 'side to the bottom of the .

=<'« " "ditch on the outlet side. To minimize scour '

- o
- Figure }-10. Bedding culverts during
inst'aua,tions. £

A d

hand or with a mechan/xcal tamper to at least

. 12 inches above the culvert.

g. Cover. Culverts other than pipe
should he a minimum of, 12 inches (pref-
erably. 18 inchegy of cover. Corrugated metal

_pipe (CMP) -culverts, used in reads, should

have a minimum cover of 18 inches or one-
half the diameter of the pipe, whichever is
larger. Cover for airfleld culverts should be
based on annex A-5, Cover is measured ver-
tically from the outside edge of the shoulder
to the top of the culvert.

4-7. LENGTH AND STRENGTH OF CULVERTS ‘

Tw&pr’incipal considerations in culvert de-
e: SN

a. Length. The length of a culvert is
determined by the width of the embankment
at the location where the culvert is to be in-
stalled. Culverts must be long enough to
prevént earth from being worked into them
from’the fill and also to prevent the roadbed
or embahktent from being scoured by the
water as it leaves the culvert (figs 4-8 and

=

at the downstream end, culverts should be'
1 or 2 feet-longer than otherwise required,
with the added length on the discharge end.

* In some instances it will be necessary to pre-
vent scouring by constructing a toe ditch to
carry the water.off the slope. Avoid the use °
of pipes smaller than 12 inches in diameter
for lengths up to 30 feet, or smaller than 15

inches for lepgths over 30 feet. Small pipes

—
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Figure 4-11. €Common causes’ of culvert failure. .
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clog easﬂy an;i z;re difficult to maintain. If
large. headwalls are used, the length of the

- culvert may be shorfened, but it usually
takes less time, labor, and materjals to build

longer culverts without headwalls.

b, Strength. The culvert must be strong

enough to carry the weight+of the fill-above
it plus ‘the weight of live loads that pass

" over the foad, as illustrated in figure 4-11.

Culverts are construocted to act as a single
complete, unit .under loads. Annex A-6 gives
recommended gages for nestable corrugated
metal pipe under various heights of fill.

.
~

~

4-8. STRUTTING NESTABLE CORRUGATED
METAL PIPE (CMP)

Nestable cilvert pipewshould be strutted ~

after assembly and before backﬁllmg Strut-
ting is used to give the pipe an oval shape
with the long axis"of the oval in the vertical
plane before it is backfilled. After backfill-
ing has been completed, the strutting-is re-
moved. As the backfill is further compacted
by the pressure of the pipe and loads on the
pipe, the pipe agairbecomes clrcular,m shape.

W

LN

.

-
[ 2NN
’

" a Size‘ a.n(i placement of struts and
sills. The strutting, members consist of one

lower sill, two upper sills, vertical struts - .

and, usually,. compression caps. Jack struts

and bearing blocks are used-in.placing the»

strutting members (fig 4-12). All megnpers
must be sound lumber. Struts and sillsymust
be cut- squarely in order to set level and join
evenly. Compression caps must be.about 10
inches Tong, to provide ample bearing on the
two upper sills. Length of the vertical strut

_ must be the elongated diameter of the pipe

minus the combined thickness of the cém-
pression caps and the upper and lower sills.
Jack struts are shorter than vértical struts,
but long enough to accomplish the required
stretching fvithin the lifting range of the
Jack All joints in tipper and lower gills must
‘be made at the vertical struts. . However, the
two upper sill members should not be jointed

-

on the same vertical strut, but staggered on .-
_ alternating struts (fig 4-13).

\J

in various sizes of pipe under different'depths
of fill is showh in table 4-3. The tools required

" include two 15-ton jacks, a crosscut saw, a

hatchet, a carpenter's level, and'a maul.

' -

=
BEARING BLOCKS

Figure }-12.
s

-

.. :
Details of strutting equipment and materials. .

- 4—10
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b. - Spacing of struts: Spacing offstruts *
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LT . _ . L * . £ COMPRESSION CAPS —:nf
T~ R vamczu—;“’“'; - ’ [ s g+
T &= = ==
_ : . ot M
s L PLAN OF UPPER SILLS
'3 ‘- . 2 phddnnacoccaccaccccspensaccnacnecanccdpos
.. - 3 AR B COMPRESSION CAPS UPPER -\ ]
“ A\ | L& 4" x4 x 10 SIS 4°x4” ; T
., . ; 5 _2_3\ ¢ s ) V4
* o ‘ § 53 . 310 ¢ 310 ¢ || 4
T o -1 R VERTICAL STRUTS, __ .I )
- ‘o . . ;t gg . T 4 x 4" Tt 3
(] r " g Oow = -
\ ol 'Lox!?;m . JOINT
- z . 1 .
, 3 8 | B Lol f
‘ A Jovvw&@ammmvmm.
’ . CULVERT PIPE ¥ T
. ) ] ‘ ) . . E '% ;. . . B j s
o , END ELEVATION - , . LONGITUDINAL SECTION »
N ) ' N NOTE: CULVERTS 60" Tb 72" IN Dﬁ;o\ETER
¢ . SHALL BE ELONGATED 2" ALONG THE VERTICAL .
o , ‘ AXIS DIMENSION. CULVERTS 84" IN DIAMETER
- \- : , smuasnoncmo 2% . LT .
N -~ tan . . » -
Figure }-13. Struttmg dzagram showmg end and longitudinal- views.
SR . TABL:-: 4-3. Strut Spacing, Using - by feInch (2) Lay the bottom sills in their prop-
o Timbers With (Transverae Compression Caps . er position, with additional bearing blocks
- o 4 ’ S alongside to form bases for the jacks.
- ’ o> Pipe ; Pl heights Tn feet: : (8) Place the first jagk on the bottom
" diameter | Up to 20° | 20-30 | 30-40 sill just ahead (toward the opposite end of
T (inches) . the culvert) of Where the first vertical strut
TONA . .t Spacing of struts in feet will be placed ~
AT " 8o .8 6 5 (4) Place the gecond Jack Justm back
“ - - - of where the’ .second vertlcal strut* will be
o ‘,66. 6 6 4.5 placed . .
$ 72 6 5 . 4 / (5) Hold the'upper sills in place while
- : 78 6 5 - ‘peging jack struts on the jacks, Use'a car-
{ 84 ) ’ 41‘5 . 3.5 penter’s level to plugnb all struts\ ;
=~ 6 4. . e . * - \ - ~
.~ ’ S 3. _ (6) Place a compression cap between -

mg as follows:

c. Installation of strutting. Not less
- than four men must work together, proceed-

4

(1) Distribute the prepared sills,

stiuts andtother members throughout the

_ entire length of pipe ag near as possnble to
* where they will be needed

the

+

jack strut and the upper sills.
(7) Apply preﬁsure evenly on- both

jacks.

pression cap as soon as jack pressure has
made enoug,

the

(8) Insert the verfical strut and tom-

‘room for them to fit betneen

upper lower sills. Release the ‘jack

~ pressure and remove jack, ‘jack struty and -

' compression cap. Be careful to prevent the

‘4—11
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'

. length of, the culvert.

Jacks ;Jzzom slipping-out of place while pres-'
sure is‘being applied, and to keep the vertical
struts in alinement when releasmg jack pres-
sure. .

9 Remove "the’ ﬁrst jack and place
it just ahead of the. pomuon where the th1rd
vertical strut wﬂl be p‘laced.

(10) Set the tlm‘d jack strnt compres-
sion cap, and jack before removmg the second
. jack and setting up the fourth Ja’ck'strut.

(11) Repeat this procedure for the full
n e
4-9. HEADWAI.I.S AND WINGWA

Headwalls and ngwalls are cted
to prevent or control erosion, guide water

into the culvert, reduce seepage, ¢nd hold the

ends of the culvert in pla &
are expensive both as to t
Consequently, 'qn the i

wvert should be extended so that a minimum

height and length of headwall are required.

-As a general rule, headwalls can be omitted
.on thé outlet end of pipe culverts except on'

steep giades, where they are needed to hold
culvert .sections in place. Headwalls should
not protrude above shoulder grade and should

* be located at least 2 feet outside the shoulder,

so they will nét be a traffic hazard. If head-

" walls or wingwalls are not used, the culvert

+will have to be extended to at least 2 feet
‘beyond the toe of the fill. Headwalls and

alls should ordinarily be constructed of
materials as durable a§ tHe culvert, by sand-

« bags or rubble may he used for temiporary

installations. See figure 4-14 for dimensions

" SECTION ‘ SINGLE .
THROUGH PIPE L=4D
E L/2 L/2
N % 1. . .
{ O’i‘_ o . SQUARE FOR' ROUND ‘FOR
. 0 = STONE 0R BRICK CONGRETE
r, . \ J N /
o \% - ol . 2 N 4
= \Pf‘~ , / CAY '
B \|2 { . g s
I & m— - T T
{‘B g ;@ @ g ‘6’1 :\\
' RS . ro -y [
- F!-, DIMENSION 'E 12" FOR STONE OR BRIGK 8" FOR GONGRETE  FOOTINGS STEPPED ON
DIMENSION F  8°FOR STONE OR BRIGK ‘3" FOR GONGRETE SOLID ROGK
. ¢
! o DOUBLE
- P Ll /
) . ' L/2 sl L/2
- B0 .|
I STONE OR BRICK ~ ' (GONCRETE.,
o Ij:'l g /\ o / . p)
N/ vy
e o SO
@ = , )
9/FOUNDATIONS . TO BE DEEPENED o ———————— ____ % ___ - _____|

+ TO. REST' ON ADEQUATE MATERIAL
OR TO PROTECT AGAINST SGOUR .

FOOTINGS STEPPED ON’
SOLID ROCK .

Figure }-14. Typical concrete, brick, and stone-masonry headwalls.
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of typical corcrete, brick-work, and-stone-
masonry headwalls. Log or timber headwalls
or wingwalls-may be used, as shown in figure
4-15, ‘Timber headwalls and wingwalls are
gimilar to timber re g walls for bridge
.abutments. For-walls less than 5 feet high,

" the wall may be made-of 2--or 3-inch by 12-

inch timbers supported by timber piles or
posts. Where wingwalls are required to chan-

8 . —
Figure 4-15. Headwalls and drop inlets for culverts.

: /Z Section Il PONDING AND CULVERT DESIGN "'

4-10. “REASONS FOR PONDING

The rainfall section of lesson 1 stated that
military drainage structures are geldom, if

" ever, designed to discharge the worst storm

on record. For this reason it may be as-
sumed. that a storm more severe than the

. ‘design storm may occur and overload the

drainage system, Since most military drain-
age structures will be overloaded at one time

, - . 103
. nelize water and prevent the washing out of
headwalls, they should be- built to fit site
conditions. Their height should be sufficient
to prevent spilling of embankment material
into the waterway, Their top thickness will
be the same as the top thigkness of headwall
toswhich they are attachéd. /,The embankment
~gide is inclined 2 inches for.each 12 inches of
height, but the outside faces are kept plumb, -

L4

: e

" or another during their useful life, it is usu- -
ally a good procedure to design the area
around a culvert or drain inlet to take care
of a certain amount: of ponding. In some .
cases, for economy, a drainage engineer may
deliberately specify a system which cannot .
immediately take care of even the design

~ storm. When this procedure is followed, suf-
_ ficient ponding areas must be included in the

overall plan so that inundation of vital areas

.
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- adh. ‘porgnlus SPECIFICATIONS ©. ™

. ing does not. incfease

- AL -\
. N
- -

P

. ,»does not occur. In this case, the excess, V{ater

is merely stored until the intensity of the

storm decreases to the extent that the drainsy,

can handle the water. As a general rule,
drainage systems on- military. installations
are designed to-take care of the runoff from

the design storm without ponding. -For‘rea-

sons previously ‘mentioned, - however, some
provision should be made for-ponding to take
plate in those-areas where inundations for

a period of time will not affect the opera-

tional duties of the installation, - .

*

*The following specifications are génerally
followed 'in the design of ponding areaifor
military installations, -

o

a. The edge of ponding: ar;ga.s muét be
at least 75 feet from the pavement edge

b. The pond must - be dmmed before
damagmg infiltration of the subgra.de can
. The actual time during which pondmg

is allowable depends upon the econdition and
type of soils found in the ponding area. Gen-
erally speakmg, fitis period will be.abqut 4
hours after the storm begins for- most of the
soﬂs enco*tintered in practice,

¢
-

4-12. POND!NG-DES!GN ASSUMPTIOP{S

In -designimg & ponding ‘ares, cerfam ag-
sumptions made to simplify the caleula-
tions and, at the same time, retam%atlsfac-
tory aceuracy. The following are the dssump-

_ tions generally made: .

& A culvert distharges, at, its design
capacity even before enough funoff has.ac-

cumulated behind th¢ pipe to produce a pond.

- b, Agincregdein head because of pond-
the discharge capaegity
of a tulvert. *

.¢. The length: of flow s measured tO'

the middle or average-elevatroﬁ contour ,of .
* the maximuni ponding area atte ined at any’

itlme durmg the storm

<

4.13, PERMISSIBLE VOLUME

" a. Volume of permissible ponding is
generally determined by the area available
for such ponding and the relative elevations
.of thig area ‘and°the surrounding areas. A
contour map showing the final grading plan
’is required to.compute the volume of permis-

. sible ponding. By inspection, -a contour line
may be gelected that will provide a ponding

* area located a safe distance from the pavg-
.- ment. Ponding volumes may be computed
from the contour map by the “average end
area, method”, hére the” average of the,
- areas, in square feet, enclosed by two .ad-
: jacent contour lines is multlphed by the con-
tour interval in feet\ ;

(A + B)
V= T X b, in” which

.V = volume in cubic feet '
* A = area of one contour in square feet
“ B = area of the next contour in square

feet
b. = vertical distance, in feet, between
(2 contours (contour interval)

-b. As an.example of computing volume
for ponding, consider the contours shown.in
figyre 4-16. I8has been determined that water
§ be safely ponded to the 66-foot contour

e. The bottom of the inlet end of the cul-
vert is at elevation 62.0 feet. A planimeter

. was used to determine the total area en-

closed by each contour line. The 66-fqot con-
- tour line encloses 25,000 square feet. The

_'64-fbot contour line encloses 10,000 square

" feet. It should be noted that the contours

are concentric — the 66-foot contour line

area includes the area bounded by the 64-
- foot contour line.- Therefore:-

10,000 + 0

» . Volume 62.64 = 20 T Y o o5 =
" 10,000 cu ft 2

- Volume 646 — 25000 + 10000
) = 35,000 cu ft 2

"Total volume of the pondmg area 10 000

F + 85,000 = 45,000 cu £t
: RS  4—14
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- ééding example) :

&

. Figure 4-16. A pondmg area. (See parg 1; 13b.)

: S

c. As a further example of the ,compu-
tation- of ponding volumes by the “average
end area method”, consider ﬁgure 4-17. As-
sume now that the ponding area is allowed to
extend to the 68-foot contour line and-deter-
mine* the volume of the pond. The 68-foot
contdur line enclases & total area of 30,000
sq ft. .

Therefore: . .
Volume 62»64 = 10,000 cu ft' (froin pre-

»

Volume 64-86 = 35,000 cu ft

*  Volume 66-68 = 2 X

\

30,000 -+ 25,000

CULVERT SIDE VIEW ~

ELEV. 62.0 g\ﬁ
T .
1.6% storg

L - . .
>

to the 88-?&
4-14. RUNOFF CURVES

In order to-determine the amount of water
an area will contribute to a pond, a cumula-
tive runoff curve must first be plotted. The

- fonowmg example shows how such a curve
' ig prepared.

if the ponding area extends
contour line.

a. Problem,

. _ (1) Given: The weighted equivalent
length of the area drained is found by the
- Corps of Engineers’ method (lesson 24, para
2A-5) to be 100, feet. The design storm is
2.2 inches per hour. The area.drained*con-
sists of 10 acres with an infiltration rate of 0.8
inch per 'hour and 20 acres with an infiltra-
tion rate of 0 inches per hour. . .

= 55,000 cu ft-, o
Therefore:
Total volume allafble for pondmg will be

10,000 + 35090

55,000 = 100,000 cu- ft
4—15

(2) Required: Prepare a cumulative

runoff curve based on the data given.
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* CULVERT-SIDE,, MIEW

 ELEV. 620 %

P
b

&7  Figure 4-11. A ponding area. (See para 4-13c.)

b. Fabulated data: All the data needed
plot a cumulative runoff ‘vurve,is shown
table 4-4. . The method of preparing thig

tapulation may best be shown by explaining".

how each of its columns is compiled.

v (1) Column 1 is a tabulation of time

in minutes. Any similar combination of time
increments can be used as long ag enough
gproperly spaced points are obtained ;Q)Jlot
. a smooth curve, The cumulative runoff curve
¥’ is constructed by plotting time in minutes
(col 1) dgainst volume in cubic feet (col B).

(2) Column 2 lists the rate of flow per
acre. that has been delivered to the pond
during the time interval shown in column 1.
In this casé the desigrf storm was given as
2.2 inches per hour, The weighted supply
rate.is found 'to be 1.93 inches per hout. The
closest supply curve is 2.0. Using-the supply
curve number 2.0 (annex A-l , the delivery
‘rate for a 100-foot equivalent length for 10

1Y
minutes equals-3.2 c¢fs per acre, and for 20
- minutes equals 3.5 cfs per acre. For

of time ‘greater than 80 minutes, the rate of
flow can be found from figure 1-5, lesson 1,
using the curve number correspondmg to the
supply rate. .

~

9
* . (3) Column 3 1s the size of the arei

drained in acres.

(4)‘1 Column 4 is the rate of runoff (Q)
in «fs for the entire interval of time shown
in celumn 1 and is obtained by multiplying
columng 2 and 3 (Q = Q/A .X A). For 10
minutes Q =. 3.2 cfs per acre X 30 acres or
96 cfs. .

" (5) Column 5 is the time in seconds.
For 10 minutes, for example, column 5 would

be equal to 10 X 60 or 600 seconds.
' (6) Column 6 is the quantity of water

that has been supplied to the pond for the
period of time given in column 1, and is ob-

o ’ ’ vt —16




tained by multiplying column 4 by column

5. For the first 10 minutes: "

Column 6°= (Column 4§ (Column 5)

Column 6 = (96) (600) = 57,600 cu ft

.After 20 minutes from the start of the rain-
fall have elapsed, the volume of wa.ter in the
pond would be equal to (105) (1, 200) or 126,-
OOOcuftxfnowaterwas released from the
pond. . .

" ¢. Preparing the cumulative-runoft

“curve: The cumulative-runoff curve is ob- -

tained by plotting volumes (col 6) on the
vertical axis and time in minutes (col 1) on
the -horizontal axis. The cumulative-runoff
curveforthedatahstgdmshownmﬁgure
-4-18,

'4:15. . ANALYSIS OF THE CUMULATIVE RUNOFF
CURVE

" Runoff curves are analyzed as follows:

_ a. Assume that'the sife ponding area
equalleOOOOcuft (g 4-17), and that a 36-
inch CMP culvert is installed at a 1.6 percent
slope.
b. From Annex A—4 a Jﬁiinch CMP
culvert at 1.8 percent slope dmcharges 40 cfs.

<

[}

The ’a.ssumptxon is made that the pipe always
discharges at rated capacity; therefore the.
camulative volume discharged by the pipe is
a straight-line function, Hence, determine.
the volume that the pipe will discharge in
any time interval and plot this cumulative
discharge” volume on the -cumulative runoff
graph. Connect this point to the origin with
a'straight line. For example, the 36-inch pipe
d13¢hargesattherateof40cfs "In 100
minutés, the pipe will pass, (40) (8,000) ="
240,000 cy ft. This point is plotted on ﬁgure
#18 and a straight line is drawn from the ori-
gin through this point until it intersects the
cumulative-runoff curve, This cumulative-
discharge-volume line intersects the cumula-
tive runoff curve at about 104 minutes. At
104 minutes, 250,000 cubic feet of 'water have
been supplied to the drainage area by the
rainstorm while 250,000 cubic feet of water
have been discharged through' the 36-inch

- culvert. Therefore, a ponding condmon is

no longer present.

. & Nothlsknownhowloiigthepond Coe
“will exist behind the inlét.~ The next item to

cover should be the determination of whether
or nbt the ponding area is large enough. If
figure 4-18 is referred to again, it will be seen

" TaBe 4-4 Tabulation of C’umulatwe-Run Data

3B M 4

eIt @ L (® @ (5) ®
'l‘lme‘ . - Q " Time olume
(min) | * /A - A " (efs) - (sec) ‘-‘(Ccn ft)
10 32 %0 96 600 57,600
20 - .85 30 - 105 1,200 126,000
0 .30, 30 w0 00 162,000
40. 27 - .30 81 Cf2400 v 194,000
50 23 30 g T 13000 * 207,060
. 60 .20 30 60 3600 © - 216,000
% - 15 30 45 -5,400 243,000
120 1.2 30 36 7200 25'9‘&;

180 09 . . 30 ¢ 21 10800 * 292,
1—17 >
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tive-ischarge-volume line is shown by the

" line/P. The line P-represents the maximum
volume of water that has ponded behing the

vert. If the same vertical scale is used
mmeasurmgthxshneP it will be seen that
the maximum ponding volume will be 96,000
cubic feet. At 39 minutes, the cumulative
supply curve shows that 192,000 cubic feet
of water have been supplied by the rainstorm
to the drainage. At the end of 39 minutes,
the 36-inch culvert has theoretically been
able to discharge 93,600 cubic feet. There:
fore, the difference between the quantity sup-
plied (192,000 cu ft) and the quantity dis-

: cha.rged (93,600 cu ft), or 98,400 cubic feet

must still be in the pond. In view of the-fact
that our safe. pondmg volume is 100,000 cubic
feet as shown in figure 4-17 the 36-inch CMP
is satisfactory. \

4-15. AQYANTAGES OF PONDING

In general, ponding will prove useful ¥
an economy measure or as, an added safe-
guard against the. effects of storms.more
severe than the design storm. Its primary
use as an economy measure is to reduce the
size of ‘culvert or pipe necessary to handle
the runoff. .Ponding will appreciably reduce

Pipe sizes for areas that have a short time

of concentration. For longer times of con-
centration, ponding‘will have little or no ef-
fect on pipe sizes. The use of ponding as an
economy measure is often restricted by the
area available for pending. This area should
not only be sufficient to satisfy the requize-
ments of the design storm, but should have
emough reserve capacity to .take care of

"storms of greater than design intensity.- Fa-

iy

!cilities for ponding should be coupled with the

=

T
= -

a. -CMP. ,Oorrugated metal pipe is the
‘most commor pipe. material used for culverts
in the theater ‘of opemtmns CMP is a stand-
ard item" 1md in.sizes from 12-in¢h to 48-

- inch dJam1gter in 6-inch increments plus 6Q- |

.inch and 72-inth diameters. Plpe culverts are

:pommonly used to provide openings up to 28

sdua.re feet (72-inch diameter), and multiple
plpes may be {{sed to provide larger. openmgs

b.  Concrete pipe, Concrete pipe is a

‘cmmon culvert material and .may be pro-

“cured locally or manufactured in the theater -

of operations by the construction unit if con-
ditions warrant use of this material. Concrete
pipe, for a given size; has a greater capaclty
than CMP; however, its greater weight and

,Ereater dlscharge velocity are factors which

should be considered in choosing pipes for a
culvert. ' .

c. Box culverts. Bex culverts of tim-

. ber, logs, or concrete are often construcbed

Yinitial grading operations, if possible, to se-
“cure the most efficient use of the men and .

migchinery involved.
4-17. CULVERT TYPES

CMP, concrete pipe, box culverts and im-
p vised pipe culverts are the main types of
verts used i in the theater of operations.

L

4—-19

-

- 11

when standard pipes canrfot Ye obtained. Box
culverts are used toprovide waterway open- ¢
ings from 12 to 1441 square feet, and myltiple
boxes may be used for larger openings.

. @& Improvised pipe culverts.. Improvised
pipe, such as. 55-gallon oil drums (23-inch.
diameter)ywelded‘end to end or civilian water
or sewer pipes, where readﬂy available, often
save time and transportation if used as’a
culvert. These materials should be checked -
for load-bearing capacity. %y,

CULVERT HYDRAULIC-DESIGN PRINCIPLES

The discharge capacity fQ) of a given cul-
vert is controlled by one or more of the fol- _
*lowing factors: the elevation of the water
at the culvert inlet; the hydraulic gradient
(S) of the culvert; the length (L) of the cul-
vert, and the elevationof. the tailwater at the ,
culvert outlet. . Except for drop -inlets, the
type of inlet is not generally considered in,
military culvert‘ design, but it should be re-
membered that the discharge capacity .of a '
culvert will be increased, particularly in short
culverts on steep slopes, 'by smooth-transx-
tion type of inlet. .,

4-18.
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a. Culvert inlet water elevation. For

roads, airfields, and railroads where exten-

sive ponding at the inlets of culvert is not

‘desirable, culverts aré usually designed to

‘utilize the smallest size and least number of
. available pipes that have a total discharge

" capacity sufficient to pass the peak runoff

" from the design-storm without allowing the

water surface at the inlet to bedbme higher
than the top of the inlet.

b. Culvert hydraulic gradient. The hy-

one of the more important controls of culvent‘_
discharge capacity. For culverts that are de- -
signed to avoid ponding and are unsubmerged'
at the inlet and outlet, the hydraulic gradient
can’'be assumed or equal to the longitudinal
slope of the culvert. The hydraulic gradient
(S) for any culvert can be satisfactorily esti-
mated as the slope in feet per foot that is
calculated by:dividing the head (H) on_a
culvert ‘by the length (L) of the culvert

¥

s = -g-). Head is the difference’in elevation

between: (a) each end of a culvert if >the
inlet and outlet are not submerged; (b) the

TABLE 4-5. Roughness Coefficients and Equations for Appro:mmate ’é'?ttcal Slope lor Pzpe Culverts .

s

-a . -
.

water surface directly above the inlet and the
top of the outlet if the inlet is submerged
and the outlet is not submerged; and (¢) the
water, surface directly above the inlet and the
wateY surface direotly above the outlet if both
the inlet and outlet are submerged. The head
and hydraulic gradient are illustrated in
ﬁgure 4-19.

¢. Critical slope. For a g1ven gize (A)

. of culvert and a given head. (H) on the cul-.
vert, the discharge capacity of a culvert will ¥
draulic gradient or slope (S) of a culvert is

increase as the hydraulic gradient mcreases

until the chydraulic gradient, becomes equa.l .

to or greater-than the cni;lcal slope (S.). As

“the hydraulic gradient is increased - beyond

critical slope, the discharge of culvert remains
constagt, the area decreases since the pipe
does not flow full, 'and the velocity of flow in

. the culve;t increases by V= Q/A.. Critical

slope is the minimum slope of the hydraulie
gradient that will permit maximuin discharge.

. Culverts should be designed to have hydraulic
. gradients about equal to critical slope whens -

ever possible. Equations for approximating
the critical slope for culverts and Manmng s

' for various types of pipe” are given in
table 4.5.

-,-4

. Mannlng's ‘Equaﬁon for apgoxi-
- ( Type of culvert ;t;:gmhne:z T ’ mbmcﬁzl;e
X i : @ . (S
Corrugated metal pipe or pipe arch - //0924 ) ' ss = 2.66/Dx{'3
. 25% asphalt paved e, 0,021 S. = 2.04/D13
50% asphalt paved _ T o018 S. = 1.65/DV3
100% asphalt paved y R S = 0.79/D
Concréte pipe or box © 0013, S, = 0.79/D'/3
\Vitrified"clay pipe- / 0.013 & .8 =079/D1"
Clean cast-iron pipe / 0.013 S. = 0.79/D'/3
Smooth steel pipe Coou ¢ | §..=+0.56/DVs
Planned-waod pige 0012~ S, = 068D
Rough-lumber pipe o3, -~ & = 079/D12

NOTE: To determine critical slo}n'ln percent, use the pipe diameter in feet,
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(b) 'UéT SUBMERGED AND OUTLET U.NSUBMERGED.~

L

L

{c) INLET "AND OUTLET SUBMERGED.

L
b

" (d) ‘DROP.INLET CULVERT ~- INLET SUBMERGED AND OUTLET UNSUBMERGED, -

»

&

" Figure 4-19. Culvert hydvaulic gradient (8) ahd head (H).
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+ d. Culvert outlet m.g/water elevation.
‘Whenever possible, culverts should be de-
stgned'te have a “free” or unsubmerged out-’ .
let since a submerged outlet terids to restrict
the flow of water through the culvert and re-

. sult in ponding at the inlet. ‘To insure a “free”

+ ¢ Clays

L]

outlet, the end 6f the culvert outlet should

- be placed at or above the expegted elevation

of the tailwater surface*in th el at

' . the culvert outlet

4-19. -CULVERT-DESIGN‘ PROCEDUR\E

a. Determine the maximum rate of run-
off (Q) that the culvert must drain.

b. Determine the maximum permissible
discharge velocity (Vm.,) from table 4-6, or
annex A-3.

.- 4
TABLE 4-6. Maximum Permwszble Velocztws
(Vinas)

Diteh Tints Vour

) g, (in fps)
" Concrete or bituminous - : 20"
Grouted riprap, hand placed -4 15
Ungrouted riprap, hand placed 10

Natural earth, no vegetation
Uniform sand ‘
Well-éraded sand ,

"‘ Silty sand .

GG N
1]
oWt

i

Gravel

Natural earth with vegetation
Average turf
Erosion-resistant soil
Easily’ eroded soil
Dense turf M
_ Erosi¢n-resistant soxl v 6.8
* Easily eroded sou,. AR

[
o)

¢. Determine the sizes and strengths of
materials available for the culvert.

d. Draw a cross section of' the fill or
embankment showing elevation, the inlet and

.- 4—22

outlet channels, and the culvert slope. The
culvert slope (S)) should be slightly-less than
the critical slope (table 4-5) for the diameter
and type of pipe to be used and should -pro-
vide the type of inlet and outlet desired.

e. Calculate the depth of fill at the out-

‘side edge of the shoulder from the cross sec-

tion. Select .only the pipes for which adequate
cover is availdble.

f. Determine the roughness coefficient
(n) of the culvert material from table 4-6.

g. Special considerations

(1) CMP or concrete pipe culverts
with inlet unsubmerged. From annex A-4
determine the, pipe capacity (Q,). Calculate
the number of pipes requlred (number =

Q/ QD . N 2

(2) Other types of pipe culverts with
inlet vunsubmerged. Calculate the required

' diameter (D) or slope (S) of a circular pipe
_flowing full from Manning’s formula.

(3) Design of-box culverts with inlet
unsubmerged. The,characteristics: of flow
through square or rectangular culverts with
the same slope, culvert lining, inlet, and out-
let do not differ significantly from flow
through round conduits. Box culvert sizes
can be determined by computing the cross-:

‘section area required for a circular pipe an

designing a box culvert of the same material
as the pipe and with the same cross-sectlon
area.

(4) Culverts with a submerged inlet.
Determine the size of pipe, pipes, or box cul-
vert required to drain in the casesof ponding.

h. Determine graphically, or mathema-
tically calculate, the length required.

i. ) Determine the head as illustrated in
figure 4-19.

J. Compute.the discharge velocity (V)
by using Manning’'s formula or annex A-4.

, If the discharge velocity is greater than the

maximum permissible velocity, either de-
crease the slope of the culvert or select pipe
of .a smaller diameter.

4
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Notd: The following. exercises are study
ajds. The figures following each question re-
fer to a paragraph containing information
Telated to the question. Write your answer

-in the space below-the question. Wherd you °
ed answering all the questions for_ .

have
lesson, compare your answers with those
givenm the back of this boeklet. Do not send
in your solutlons to these review exegclses
- %

_ 1, A ditching machine will normal-
-~ ly be able to make better progress if it
" can travel downgrade while digging.
Under what conditions' would it be bet-
ter to dig wh;le traveling upgrade?

(4-1) sl

2. To prevent water from standing
in a drainage ditch and seeping into the
ground, what minimum grade should
be maintained? (4-2)

8. For.soil erosion t6 occur due
to flewing-water, what condition must
exist between the soil and water” (4-3)

'
by

. U3

- REVIEW EXERCISES .. & a

R 1 c
4. Check dams should not be .em-
ployed to prevent erosion in drainage
ditches when the grade of the ditch
exceeds what percent’ slope” (4-4)

e

-

5. What is the minimum ol&;h
apron you should construct e
downristream side of a check dam if the
vertical drop between the bottom of the

weir notch and the top of the apron is
3 feet? (4-4a)’

1}

6. What. should be the dlstance
between check dams in a drainage ditch -
if you wish to reduce the water slope
from 4-to 2 percent using check dams
with a height of drop of 2 feet? (4-4a)

[

s 4

7. In designing the weir notch for
a check dam, what safety measure is
taken? (4-4b)

4
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R '
‘ 8. A weir is to-be placed in a _ ‘12. Why is it generally desirable to
drainage ditch carrying a flow of 8 cfs. place the bottom of the outlet end of a-
‘The length' of the weir notch is to be ~ culvert at the elevation of the surface of
214 feet. Using the forinula Q = CLH?? a stream rather than below the surface ?
*  and a constant of 3,.find the depth of (4-6b) ‘
water flow ih the weir notch. (4-4b)" - ' R
- " A 1 N + -
-« 7 Y 0~ . LT N
e . - ‘ 18. If possible, culvert slope should
o [ L " e kept the same.throughout its length. ¢
N s ) - If it;jsnecessary to change the slope,
9. The capacity of a specific grate - where should the steepest sloping sec-
is dependent upon what factor? (4-5) tion be locatﬁz (4-8¢)
" :z »
L 4 < é . -
. <
- - o
., 10, What c‘a,p.acity in cfs would a 14. When mult1p1e-p1pe culverts are
| 24” x 24” grate have under a 14 ft ,  installed what is the minimum distance - .
head of water? (4-5, table 4-2) ' they must be separated? (4-6d) A
- Pd ? “
. ‘J':J;
L4 )
. /
. /\ - R - "~ .
X : ' T ‘ ':;;:,
11. At what angle to the centerline R 15. In the preparation of the foun- n
of the road should you place a ditch- dation for a plpe culvert,; why is it good
relief culvert if the road is on a sidehill practicefo convex the foundation up-
. cut and steeply graded? (4-6a) , ward along” the culvert centerhne" -
: , (4-6e) © . P
/ - ‘ : . , .
= . . &
; | L ; L f‘ N
4 T - ’ -
424 , . i
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16. In backéilling a culvert, the fll
material mugt be hand or mechanically
. tamped to what elevation? (4-6_!) .

. 1. What is the minimum amount
of cover réquired over a corrugated

h;e_%})_i&qlvert\used in a road?
¢ {4 U . ’
'~':c’ .

4

18. For a cut section the length of
culvert required iz normally found by
measuring the distance betweep~ what
two poi?ts? (4-Ta)

N\

-4

19. What .
should be used if the length of-culvert
required is over.30 feet? (4-Ta)

20, In deterriining the strength pfy.

. culvert required, what lodds must .

considered? (4-Tb) ) .

Y

-

um diameéter pipe o

+ " +24, What are the four functions of

21 What is the purpose‘for strut-
ting nestable corrugated metal pipe be-

. fore Backfilling? .(4-8)

~

N\

’

.

22. When strutting a 72” diameter
culvert, how much elongation should
you gllow for? .(4-8a, fig 4-13)°

x &

. 28. Using 4” x 4” timbers wHat
strut spacing would you use for a 60”
diameter culvert ‘under a 25 ft fill?
(4-8b, table 4-3) o

N
a
'

»

—

headwalls and wingwalls? (4-9) °

~

25 What general rule do military

installations follow in regdrd to making

provisions for ponding by storm water?

T (410)

-
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26. In a certain areagit is found
that ponding is permissible between the -
60 and 65 foot contour lines. By use of
contour encloses 10,000 sq- ft and the
65 foot ¢ontour encloses 50,000 sq ft.
How many cubic feet of water can be
ponded in that p.reaz (4-13a, b)

f

4

4 LY

27. What is the purpose of prepar-
. ing a tabulation of cumulative-run data

© 7 puch as shown in table 4-4? (4-14b)

%

Rl

28. What i the purpose for prepar-
ing a cumulative runoff curve? (4-14)

- s . - LI

29, If,-on the same graph you plot
» ,  acumulative minoff curve, and also plot
‘ the cumulative discharge through the
MR . drainage pipe, what is significant about
" the point where these two lines inter-
a . sect? (4-15b)

[\

- P b

et

a planimeter it is found that the 60 foot - - be in the pond-during the selected

- ‘34. Deﬁne the “head” on a culvert
. . under ‘conditions of the inlet being sub- -
ed and the outlet not submerged. bt

- LY

80. On the graph described for ex-
ercise 29, how can you determine the
maximum amount of water that will «

storm? (4-15¢)
o

81. One of the advantages of pond-
ing is economy in that it permits the
use of smeller drainage pipes. What .
type of drainage area is particularly . >
suitable to ponding for economic rea- )
sons? (4-16) -

=

82. What is the most common pipe . =
material used for culverts in the theater
of operations? (4-17 a) ~

- 83. .What rule should you follow in L

. designing culverts for roads and air- ,
fields where extensive ponding-at the -
culvert inlet is undesirable? (4-18a) '

a culvert. (4-18¢)

‘ 85. Deﬁne the “cmtxcal slope”! for




s

it
g

‘ . - SUBSUREACE DRAINAGE’

CREDIT HOURS ____________________'__
TEXT ASSIGNMENT ___________________
MATERIALS REQUIRED _________________
LESSON OBJECTIVE _____ S

- SOGRESTIONS _______________ R

Attached memorcmdum.l_l
Charts 1 and 2.

To teach you to recognize and correct condi-

" tions that require subsurface drainage.

Review paragraphs 1- 14 through 1 &'l les-

son 1. Read the attached memorandum
through rapidly to obtain a knowledge of
its scope. Then read it*through carefully,
uriderlining the important points and ob-
jectives. Read the review questions at the
-end of the lesson. Study the lesson, search-

. .ing for answers to the: review quesﬂons,

and write your answers in the spaces pto-

e 7 vided. Finally, -check your answers with

the answers given for this lesson at the
back of this booklet. Review-as necessary.

7

ATTACHED MEMORANDUM

5.1 SUBSURFACE-DRA!NAGE WER!A

When surface failures show that the sub-
‘gurface drainage is inadequate, it becomes

necessary-to determine whether or not a sub: .

surface drainage system s necessary, and if

~ « 80, what type to install. Generally speaking,

subsurface drainage may be divided into three
" classes: .

a. Base drainage generally consists of
subsurface drain pipes laid ,parallel ard ad-
jacent to pavement edges with pervious ma.
terial joining the base and the drain. (Figure
5-1 shows a typical section of a base-drain
installation.) Base drainage is required where
‘frost action occurs in the subgrade beneath

the pavement and where ground water rises.

-

§—1

'
0 A -

to the hottom of the base course as a result
of natural conditions or from ponding of
. surface runoff. At locations whére the pave-
ment miay become temporarily inundated-and
there is little.possibility of the water draining
£rom the base into the subgrade, base drain-

age will be required. Table 5-1 establishes

the criteria to follow in these cases. Base
drainage is also requlred at the low point of
longitudinal grades in excess of 2 'percent
where the subgrade coeﬁicxent of permeability
is less than 1 X 10 -* ft/min The coefficient

. of permeability is a property efs-the soil and

is defined as the discharge velogcity at a unit

hydraulic gradient. This value is determined -
experimentally, either by laboratory test or-

by an actual rield test of tx}e soil involved. It

N

~

\"3-_
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mexpressedmumtsofvelomtysuchasfeet
per minute (ft/mm) or céntimeters per second

(cm/sec) and varies from 197 X 10 =4 ft/min

for gravel and gravel-sand mixtutes to 197 X
10 ¢ ft/min for =ilts and clays ¢

TABLE 5-1. Base D'ramags Requn'ed if Subgrade

‘ Coefficient of Pérmeability is Smaller Than

Statad Feet Per Minute and Inundation May
. Occur - K

v
- .

Depth to ground

Coeficient of permeabllity

water (ft) . - _‘less than:
Less than 8. 1 X 10 —% ft/min
From 8 to .25 1 X 10 -5 ft/min
Over 25 © 1 107 ft/min

I3

b.. Subgrade drainage is required when
seasonal fluctuations of ground water may be
expected to rise to a level less than 1 foot
below the bottom of the base course. F‘igure

st g | |
7

5-2 shows a typical example of 'a subgrade
drainage section. Table 5-2 will serve.as a
guide for spacing drains. These drains, al-
though simjlar to base drains, have a larger

area of filter material in centact with- the

subgrade.

¢. Intercepting . drainage is required
when seeping water in a pervious layer will
raise the ground water locally to a depth of
less than 1 foot below the bottom of the base
course. Figure 5-3 shows a typical intercept-
ing drainage layout.

5-2. DRAINAGE TECHNIQUES

There are various means which the engi-
neering officer has available to handle any
dtamage situation. These are described be-
low?

a. Increase the depth of base course 80
that the water table is a gpecified distance
below the top of the base course. In most

PAVEMENT —, &

*
it

2004 .
Pt - o b AT
o YR e -

BASE COURSE

. SUBGRADE

rY

-~

-

[ compacTED FILTER MATERIAL

e

[~ 6" DRAIN PIPE

. . 5—8
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T —\(.iROUND WATER TABLE AFTER «QRAINAGE .

~ 7/ -

@Figu're 5-2. Subgrade-drainage details.
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TABLE 5-2. Approzimate Deptb and Spacmg of Subgrada Drama in Va'noua Types of Soils

!

Percentage of soil separates

Sand Siit -
T

" Depth of
bottom of
* Clay . «  drain
- (fest)

Distance
between
subdrains
(feet)

A
vy
%,

0-20

0-50

-~

Loam 30-50
Silt loain

. Sandy clay loa;m
Clay loam

B

Silty clay loam

Sandy clay

" Silty clay

Clay - 0-50

0-20 150-300

100-150
100-150
85-100
85-100
75.85
" 715.85
85-75
f ]

7 2-3
0-20

0-20

0-20

-

20-30

" 20-30 55.65

20-30 45-55

2-3

34
2-3

- 34
2-3
4.
2-3 .

40-45
35-40.
3540
30-35
30-35
25-30

30-50
30-50

30-100

cases, the required specification is that the
ground-water level be at least 5 feet below
the finished grade. Thm solution is feasible
" when: A}

. (1) A gravity dramage system 19 im-
practicable. .

+ (2) ,The condition to ‘be corrected is
of a small localized nature such as a narrow
swamp crossing.

. (8) There is an abundant supply of a
.good base-course material,

b. Another means of subsurface draifi-
age is by deep, V-ditches. These ditches are
easily built, are readily enlarged, and’they
provide positive illterception (of subsurface

~ .5—4 ' . - -

) :ted by filling a ditch or trench with broken

&

water before it reaches the area being pro-
tected. However, in many cases, such ditches
are a traffic hazard and they are also subject
to erosion. those cases where right-of-
way problems, traffic situations, and erosion

surface drainage system consisting of blmd
or “French” drains, or of perforabed or open-
joint piping. If the water level in natural
drainage channels can be lowered, it may be

_ possible to lower the ground-water level of

,the surrounding area, partlculp.xgly if the’ sur-
froundmg soils are pervious.

¢. Blind or French drains are construc-

x-S

+ difficulties make the use of open ditches im--
practical, it may be necessary to use a sub-.
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Figure §-3. , Typical intercepting dmmage layout.

or crushed rock. The top surface of the rock
may be left so that the trench will
act as a combination drain or the rock may
be covered by a relatively imipervious soil s0
that no surface water can penetrate. The
latter is the general practice. In general,
French drains are not recommended for
permanent constriiction because they have a
tendency to silt up with prolonged use. In'
theater-of-operations construction, however,
such drains are often used as a substitute for
perforated or open-joint:pipe because of logis-
tical limitations on piping oron filter materials
suitable for use with such piping.

d. In cases where a V-type or other
open-ditch-type drainage system is not prac-
tical, it' may be necessary to resort to a
subsurface piping system utilizing one of the
many forris of pipe cuyrently available.

, ‘(1) The most common form of sub-
surface piping is perforated pipe. In cases
where the perforations do not exténd coms:
pletely around the circumference of the pipe,

the pipe is generally laid with,the holes down -

- and with the joints closed. Materials used

in the manufacture of thig type of pipe are

:;\rugated metal, cast iron, vitrified clay,
and nonreinforced concrete.

(2) Bell and spigot pipes can be laid
with open joints. Collars are not needed
over thejoints if the filter material ha,s been
properly designed. This type of pipe is gen-
erally made by vitrified clay, nonremforced

- concrete, and cast iro

(8) Skip pipe is designed so'that water.
enters the pipe at bell and spigot joints which
provide a gap around the bottom semi-circum-
ference and a slot across the flat top surface
of .the pipe. Skip pipe is generally made of
vitrified clay or cast iron.

£

() Porous-concrete pipe is lald with
closed joints and collects water by seepage
through the wall of the pipe. It should not
be used where sulphated waters may cause

. disintegration of the concrete. '

(5y Farm tile’is Iaid with butt joints
‘slightly separated to,permit collection of
, water through the jomt Because of its low
" registance to high impact loads, farm tile is
not recommended for use on a.u'ﬁelds Mate-

5—5 ~




.subsurface water by use of the same

.
A
g, 0

v .

e

HPY S

rials commonly used in ma.nufacture x{f the
tile are clay or concrete.

e. The use of combination drains which
attempt to handle both surface runoff gad
ipe
system is not recommended. Surface runoff
very often carries sediment and soil from the

‘ drained area into the system, with the result

~ face runoff

T
-

' drajps, except long intercepting lines and for

that flow stoppages occur. In view of this,
subsurface drainage systems tsing some form
of{lp1p1ng are generally sealed so that no sur-
vy enter. The only drainage
system which will handle both surface runoff
and substrface water sat:sfactonly 1s the
open channel or ditch. .

5-3. PIPE-LAYING CRITERIA

There are essentially fiveBifferent types of
pipe available for use but they all should be
laid in accOrdance with the following apecxﬁ
cations:

a. Minirium slope of pipe is .15 percent
or .15 feet in 100 feet. The elevatién of a
pipe at any particular location is generally
specified by the invert elevation in which the
invert is defined as the lowest point in the
internal cross séction of the pipe at one
particular location. F;gm:e MMS the
invert location® 7. v At

‘WATER LEVEL

INVERT ELEVATION °

Invert location.

Figure 5-4.

b Manholes should be prov1ded at in-
tervals of not more than 1,000 feet, with a
flushing. riser between manholes. Flushing
risers should also be installed at dead ends.

c. Pipe should be at least 6 inches in
diameter with 8-inch pipe being used for all

/
’
.

N

-

- 56

larger pipe.

-

“extremely severe ground-water conditions

where it may be necessary to use 8-inch or ,

.

d. Center of subgrade drains should be
placed at a depth of not-less than 1 foot
below 4¢he bottom of the base course and not
less than 1 foot below the ground-water table.
Subgrade drains are generally required only

. at the edges of pavement areas where the

soil is pervious and well draining. However,
local:’ground-water conditions and base and
subgrade soil charagteristics may necessitate
closer spacing of the drains. When the drain
discharges into a culvert or any considerably
larger pipe; it should discharge above the
water level in the larger pipe.- When the
drain discharges into a pipe of gequal or
slightly larger size, it is generally better to
bring the drain in above the main line and
mzke a vertical connection between the two
rather than joig them at the same elevation.
This procedure will prevent the water from,
backing up'in the drainige pipe since these
pipes are rarely flowing full.

e. When the impervious layer is at a
reasonable depth, intercepting drains should
be placed in the impervious layer below the
intercepted seepage stratum The quantxt'y
of water collected by an mterceptmg drain is
difficult to determine, but in general, 8-inch
pipe will prove sufficient for lengths up to
1,000 feet.

f. The piping system should, be sur-
rounded by at least 8 inches of suitable filter
material selected in accordance with the
principles outlined in paragraph 5-6. If it is
not possible to secure a mechanical analysis
of available filter materials, a good concrete
sand with mechanical-analysis limits as
showh, in chart 1 may be used, because ex-
periente has shown that this is a satisfactory
filter material for the majority of sandy, silty
soils. Chart 1 is furnished with this sub-
course. ‘

N -

5-4. VERTICAL WELLS

Vertical wells are sometimes ‘constructed
to permit trapped subsurface water to pass
rs

. 130
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| __—————— - 85-percent size of filter material

B

through an impervious soil or rock layer to
a lower, freely draining layer of soil. If
drainage is obstructed, additional wells are
driven, or the pocket is drained with an.
easily maintained lateral subdrain’ system.

Verticalweﬂsareoftenmedinnorthern‘

latitudes, where deep freedng is common, to
permit fast runoff from melting snow to get
through the frozen soil and reach a pervious
stratum. Under such conditions the bottoms

-of these Zells are treated with chlor-
ide or a fayer of hay to pmvent
i,s-s. FILTER MATERIAL ' . oM

As has been previously stated, a layer of
- filter material approximately 6 inches in
depth should be-placed around all subsurface
piping systems. The selection of the proper
filter material is of gredt importance, since it
determines -to a large extent the success or
failure of the drainage system. The improper
selection of a filter material cah cause the

(1) For slotted openings:

vat

slot width

) .(2) For circular holes:
85-percent glze of filter material

hole diameter

/123

_‘ drainage system to become moperative in

one of three ways:

a. The pipe may becéme clogged by the

inﬂltration of small soil particles. - % .

b. f’articles in the protected soil me.y
move into or through the filters, causing in-
stability of the surface. .

c. Free ground water may not be able
to rea.ch the pipe -
5-6. Pnsvermna FAILURES ;

In order to prevent the occurrence of any
of the failures listed in paragraph 5-5, various
crietria have been developed, which, based
upon the mechamcal-analyszs soil curves,
have proved effective in_practice. :

"8 To prevent clogging the pipe with

, filter material moving through the perfora-

tions or openings, the following limiting re-
quirements must be satisfied: .

is greater than 1.2

is greater than 1.0

b. -To prevent the movement of particles from the protected soil into or through the
filter or filters, the following conditions must be satisfied:

15-percent size of filter material

85-percent size of protected soil .
.and ~ '
50-percent site of filter material’

50-perceht size of protected soil

xslessthanorequalto5

is less than or equal to 25 -

¢. To permit free water to reach the pipe, the filter material must be many times more
pervious than the protected soil. This* condition is fulfilled when the following requu'ement

is met:
‘15Yercent sz of' filter material
+15-percent size of protected soil

$

is greater than or equal to §

d. The coefficient of uniformity (Cu) of the filter material ghould be less than 20 to
prevent segregation of the- material during f)lacement The coefficient of uniformity is de-

ﬁned by the following relationship'

-3
>
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60-percent size of filter matenal

10-percent gize of filter material .

‘e.~ It is possible to learn a great deal about the gradatlon characteristics of a pa.rtxcu-
/ lar soil by observation of the soil curves on the mechanical:nalysis chart. Well-graded -
. soils generally have a smooth grain-size curve with gradual changes of slope Poorly graded
uniform soils g’e!nerally ve a very steep grain-size curve. Skip-graded soils have a grain-
gsize curve with a chafacteristic hump in it. The filter material will have a tendency to
segragate durmg placement if it is alnp-graded. The gram-sme curves in chart 1 illustrate
various gradatlon characteristics. .

T

Cu =

e

A\l

5.7. SELECTING FILTER MATERIAL

The filter material should be selected with
the view toward simplest construction and
lowest cost. To further this end it is desirable -
to use only one layer. If several layers of
filter material are required, one layer should
be confined to the region around the pipe

the inner filter material and the surrounding
soils. In other words, the design of a multi-
layer filter for a subdrain system should pro-
.ceed outward from the inside filter material
to the éubgtade soil being protected

5-8. Eif(AMPLE OF FILTER DESIGN

openings and another layer placed between
it and the protected soil, as shown in figure
5-1. The designer would proceed, in this case,
byselectmgaﬁltermatenaltobeplaced
around the pipe in accordance with the for-
mulas in paragraph 5-6. The second filter
material should be designed to protect both

You are to choose a suitable filter material
for a 6-inch pipe with 14-inch diameter per--
forations to protect the‘siibgrade seil shown
in chart 1. The soils represented by curves

" A and B, chart 1, are readily available from

local horrow pits. You tabulate the follow-
. ing data from the chart:

Soil B”

=. - 14 mm

D15 22 mm

30 ‘mm, g

Dgo =
Dgo =
Dsa =

13.5 mm
19.0 mm
38.0 mm

1,0
Deo 2.0

v

mm
mm ,:

mm :

(.

b

The symbol D:o, Dyo, ete, represents the size of that parucle of a soil of which the percentage
indicated by the subscript is finer by weight. For example, if Dsy of a partxcular soil is 10°mm,
then 50 percent of that soil by weight is smaller than:10 mm.

*

Check for coefficient of uniformity of both soils: . -

R




'i‘hus soil A and soil B both satisfy the requirement that the coefficient of uniformity of
the filter material should be less than 20. Computations should then proceed in the following-

%

manner: '
. SolA’ L 4 e
e Dy (filter) Should be equal to or lesa-than 5 to prevent movement of the sub-
: Dys (protected soil) grade soil through the filter material. v :
%‘%;24_.4 which is not less than 5 -
~ Therefore, filter material A is unsuitable because movement of the subgrade soil thgoﬁgh
» % the fllter material is® possible. . .-
' Sl B - . o >
Dy (filter) Should be equal- to or less than 5 to prevent movement of sub-
2 Dy (protected soil) grade soil through the' filter. ' :
B0 =338 " which is lesa than 5
09 _ , ,
Dy, (filter) ~ Should be equal to or less than 25 to prevent movement of sub-
+ Dy (protected soil) grade soil thrfugh the filter. ~
- 10 - »s which is leg8 than 25 : -
042 ,
- Dy (filter) " Should be equal to or greater than 5 to permit water movement
Dis (prow goil) through the filter. / ] S
- B0 30 which is greater than 5
01 .
Dys (filter) Should be greater than 1.0 to prevent clogging of the pipe. .

hole diameter- .
- Note that the sil particle size is usually given in milfimeters while the hole size is usually £
given in inches. The two dimensions must be expressed in compatible units before the preced-
ing foriula is used. This may best be accomplished by multiplying the size of the pipe per-
forations jn inches by 25.4 which represents the number of millimeters in 1 inch. For the
example, with Soil B under discussion: . ,

Ds_(fllter) = 130 = 13 ‘= 2.0 which is greater than 1.0 ’
hole diameter % X 254 6.35 - .
-*

Thus sdil B satisfles all the criteria for a good filter material while'soil A does not.

3

[

5-9. STEPS IN HILTER DESIGN’ A ‘ T

. In any case in which. it is necessary to de;ign or select a filter material from seversl read- < "'~1‘.
ily available sources, the computations would be set up in essentially the same manner, with the

steps below being presented in the proper sequence:

¥ 5—9
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Obtain a mechanical-analysis repdrt of the materials locally available for-use ds filters.

Determine which of the materials satisfies all thg criteria listed in paragraph 5-6.

The most effictent and most practical type of subdramage system-is the one which adequately
performs the operations for which it was intended and in addition, was installed with the care-
fulness and economy consistent with-its purpose. Any attempt to sgwe-costs by the use of a
sketchy or inadequate subdrainage system is false economy. Converdely, any attempt to install
an elaborate system of underground piping where a simplé V-ditch would serve as well Whould

likewige be discouraged.

REVIEW EXERCISES

Note~ The following exercises are study
\/ . The figures following each queetion re-
fer to a paragraph coﬁtaining information
related to the question. Write your answer
in the space provided below the question.
~When you have finished answering all the
questions for this lesson, compare your an-
swers with those given for this lesson in
back of this booklet. Do not send in your
solutions to these review exercises.

1. What is meant by the term “co-
efficient of permeability” as related to
soil? (5-1a) ) -

2. Subgrade drainage must be in-
stalled when seasonal fluctuations of
ground water is expected to rise to, a
level within what distance below the

". bottom of the base course? (5-1b)b

8 Ifitis unpracticable to handle
a subsurface drainage problem by grav-
ity drainage, what method may be used
to relieve the drainage problem?. (5-2a)

—

124

4. Subpurface drainage is some-
times taken care of by deep V-ditches.
What are two dis?.dvantages of this
method? (5-2b)

P .
.

3

5. What kind of pipe is most com-
moply used in a subsurface drainage
system? (5-2d(1))

\

! 1

6. When determining the slope of
a pipe, the invert elevation is used.
What is the definition of the mvert of
a pxpe" (5-3a) . e

E_ 3
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«7. In a subsurface drainage pipe
system what is the maximum spacing
- between manholes? (5-3b)

-

8. What\is the minimum distance E&
the center of\a subgrade drainpipe

shouldbebeIow eground-watertable’ R
(5-3d)

!
L4
1
w3
}

9. What method of disposing of  »

subsurface water is often used in areas

where deep freezing occurs? (5-4) .

S
e

10. 'What is one of the most impor-
tant construction features in determin-
_ing the success or failure of a subsur-

* face drainage system? (5-5)

e [

.
’
|

11. Explam the three ways in whlch
a drainage system cah become inopera-
tive ‘as a result of the gsectmn of im-
proper‘ﬁlter materiak.

511

135

g

12, What relationship must exist
between the filter material and the pro-
tected soil to permit free water to reach
the drainpipe? - (5-60)

.

13. What soil charactenstlc ig in-

- dicated by a smooth grain-size curve
with gradual changes of slope? (5-6e)

J

14, How can you identify a skip-
graded soil by inspection of soil curves
on a mechanical-analysis chart (5-6e)

——"“ .
15, When more than one layer of
filter material must be used, what is the
f.i,rst layer to be designed? (5-7)

-
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5 -# 16. Soil particle sizes are usually

) given in millimeters while the hole size®

in drainage pipes is given in inches.

What action must you take in this re-

] gard when using the filter design for-
" . mulas? (5-8) -

17. Referring to the mechanical
analysis -curves on chart 1, determine
whether or not soil B will clog the drain-
_-pipe if the round holes in the pipe are
Lo-inch diameter. (5-8a, chart 1)

18. Referring again to chart 4, de-
termine whether or not the coefficient
of uniformity (Cu) of soil A is such
that the enaterial will not segregate
during placement. (5-6d, chart 1)
L \
S ‘
-~
. N )

19. From data given on chart 2, de- )
termine whether or not soil C will pre- .
vent the movement of particles from -
thie protected soil (soil D) into or
* through the filter. (5-6b, chart 2)

"+ 20. Using data given on chart 2,
determine whether or not soil B will
. permit free water from the protected \
¢ . soil (soil D) to reach the drainage pipe.
(5-8¢, chart 2)

”
‘e T
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ANSWERS TO REVIEW EXERCISES

» 2 . : ) ¢ ? . '
: oI.ESSONl aE .
. ' . » Vs ! . \ ‘
1. . The first construc'aon work on any_ pro;ect should provxde dramage for the work
, to follow (1-1) - o . .
2. Clasaﬁcation of drainage depends upon whether the-water is on or below the surface ‘
of the ground at the point where it is first mtercepted or collected for dmposal (1-2) -t i

.
Latd

: 8. Ditches, alone or in combination with natural watercours&, prov1de the sxmplwt as

< well as the cheapest and most efficient method for handling surface water. (1-3a) ..

. -4. A sanitary system collects all sewage in one system and carries it to a treatment E& °
disposal*plant.- Storm sewer systems are best inBtalled in small units, ‘each draining a small

~ ° area, and disposing of the water in the ‘nearest natural watercourse. “)

' 5. Open channels, subdrains, combmation,drams and vertlca.l"wens are used to control ’

. - . ground water. (1-4) . C o

6. Cut a.nd fill sections must be erowned and high shoulders must be lowerg (1-5¢)

7. Gravel roads and other.rough untreated surfaces requir2 a crown of.% to 3 inch
per foot. (1-7a) . 1 /s ,

» c . - v

H 144

8 Proper ‘grading is the most xmportant single factor contnbutmg to the success of the .

~ ® _ drainage system. - (1-8b)" 7 .
—_ .
4% '+ 9, If theroad or airfleld is to be used for only a short penod of :time, such as one or two
ta, 3 ] weeks, hasty design procedm'es would probably be used. (1-9b)

. vo 10. Ra.mfall data for the locahty being considered is of primary 1mportance in desigmng
. o . a drainage system thatwill insure prompt removal of surface water and positive control of -

‘ ground water. (1-10b) : .
SEAE ' 11. Variations in the state of compaction, soil-moisture defiffiencies at the begmning of

"‘.’ . . rainfall, and the elevation of the ground-water table may greatly influence the infiltration ca- .
: paclty of a particular soil (1-10c¢) -

12. Dry and cracked earth is a sign of loss of water through evaporation and may indi-
. cate an lmpervioua subsoil and inadequate subsurface dramage (1-11)
tallatzon reqmred the engineer resources

™ Coen ,0: -, 18. Prelimmary consideration of the type of i
: coltécted, determme the degree of demgn

* available; and the athount and reliability of the da

necessary. (1-12) =



14. The desxgn storm is that storm “which may be cted to be equalled or excegded
-on an average of one time durmg the design penod (1-13)
v * ,
15. Dramage for military constructlon should be based onya 2-year dcg;gn storm frequency,
unless excephonal circumstances require greater protectlon l!21--13b)

16. The duration of rainfall, required to produce the maximum rate of runoff wﬂl de-
g/eLd primarily upon the length of overland flow, taking into account surface detention, rough-

ess factor, and other surface-nmoff charactenstlcs (1-13d) ‘4

17. The problems relating to subsurface drainage may bestbehandler%when constructlon
operations on a road or an'ﬁeld are initiated. (1-15) .

18. The -flow of water in soils containing .organic and inorganic fine sands, silts, and /
course-gramed goils contmmng an excess of nonplastic ﬁnes, is 1mpeded by their characteristic

igpsity. (1-16b)

19, A “pumping” action occurs which will form a void undef the Elmeni and failure
ultimately occurs by cracking of the surface. (1-20a) .

L

20. In this ca.se, thawmg is from the bottom up due to transference of heat from the in-
terior of the earth, and there is little tendency for a reduction in subgrade stability to occur.
(1-20b) .




. LsséoN 2

‘1. Size, shape and slope are the most important factors whlch affect the rate and quanti-
ty of runoff, (2-2a) = )

-~

2. Sheet flow can be expected to become channelized flow in 400 feet or less. (2-21)

3. The Hasty Method, for calculatmg the size of a dramage structure reQuu‘ed is uged
only when time does not penmt the use of a more exact method. (2-4b)

-

4, A complex areg is one that is composed of two or more different soil types, cover, or . -

man-made areas, no one of which constitutes 80% of the area.* (2-8b(5) (b))
: - runoif
5. Expressed mathematically the value of “C” is the ratlo of runoff to rhinfall, or:

@n -

. ' B . &

8. The reason for the correction is that as thé ground slope increases the rainfall runoff
will low at a faster rate, thereby reducmg the time ava#table for the water to mﬁltrate the soil.
(2-Tb(1)) .

7. If.the drainage area consists of two or more types of soil or cover; and no one.type
equals or exceeds 80% of the total area, it is classified as a complex area. In a complex area, -
the “en value must be weighted. (2-7¢(1)) .

8. Before the “C” value lg{vexghted the.“C” value assumed must be corrected for glope.

(2-70(2)) .
. 9. Maximum runoff occurs only when the rain falls over the entire area and the storm
lasts for the area time of concentration (TOC). (2-8b(1)) .
10. Representatwe flow paths must be determined before you can determine an area time
of concentration (TOC). (2-8¢(1)(a)) "

11. A representative flow path ia one that is representative of the time at .v'&"hichvth.e ma-
jority of the area will be éontrihuting runoﬂ to the outlet point. (2-8¢(1) (a)) - ’

12. On figure 1,5, lesson 1, find the mtersectlon of the 2.2 curve and the 30 minute dura-
tion line. From this intersect, move horizontally left to the rainfall mtensity in inches per hour
line and read 3 5 inches. (ﬁgu,re 1-5 lesson 1) -

C ? 24 —1
e “ .




© area tobemeasured. (2-88) f

T

. e

e

13. Enter ﬁgure 2-4 at avemge turf, méve  left to 6% curve, follow 6% cupve line down
to 300 foot line, read vertlcal line downward read 11 mmutw TOC

14. -Enter ﬁgute 2-4 at paVed area, -go left, to 1% curve, move up curve to 800 foot line,

-_drap gemcany dnm: to bgﬁgm of figure, read 37 minutes TOC, (2-8¢(2) (¢)(2), fig 2-4)

15. The cnhcal storm duration, fonthe p\l&e of detesmining that storm'’s mtenmty,
set equal to the time of concentra.tion (TOC). .(2-8&)

16, Knowing 'tl;ye geographical location of the dramage area, you go to the world isohyetal
map (fig 2-5) where. you can find the one-hour, two—year rainfall intensity for any area of the
_ world. This value is the number of the curve you use. {2-8¢(1))

17 ,From the world xsohyetal map, the eastern tip of Brazil would have a one-hour, two-
year ‘rainfall mtenmty of 2 mches. (8-2(1(1)) 3 o

18. The one-hour, two-year rainfall \igmeqmty for Washington, DC is 1.5 inches per hour.
Refer to figure 1-5,-lesson 1, injerpolate between the 1.4 and 1.6 curves to the 35 minute line,
read23mchesperhour (8-2d4¢1), 2)) - -

.19, Delmeatxon lines mat’ the bougdaryaof the‘ dramage area, thereby permxttmg the
oy - Yo
20. An‘drea on a-mapXay. be"gigegsured by ,use of a plammeter by u.smg geometnc shapes,

(X:8by . '\' L ,
. oY - L.
! %' ‘..(" N .’-# . - v < <.
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ANSWERS TO REVIEW EXERCISES

I.ESSON 2A

. ~
*

1~. The Blope, cover, shape, and general character of the drainage area are all considered
in the coefficient “C" of the formula A = CW (2A-5)

. +2 'The value of “C” should be mcreased as the length of the valleys decrease in propor-
" tion to their widths, (2A-5), } .

3. Froth table 2A-1 read 5.1 square feet. (table 2A-1)
4.. From figure 2A-1 read 48 incﬁes. ‘(fig. 2A-1) .

5. Pipe diameter (ft) = \/ at 7\/‘9' = 208 ft = 35.8”. Use 36” diam.
(2A-5) :

. 6. These curves may be used for different values of “n” and “S” by determining and
usmg ‘an equivalent length (L) instead of the measured length. (2A-8e¢)

7. For a complex area, the length to be used must be the weighted eqmvalent length
(24-80) - - .

. 8. Determine the Ly for eath tyi)e of flow from figure 2A-2, using the coefficient of re-
tardation, aVerage length, and average slope for each type of flow. Add them all together to get

» the total area equivalent length. (2A-7i(1)) - . -

* 9. The determination for a value for “I” to be used thhm the range of values ngen,
based upon engineering judgment, (2A-7k(3)) . .

10. First determine the rainfall (R) for the area in a one-hour storm of two-year fre-

quency from, the isohyetal map, Next détermine the-infiltration rate (I) as illustrated in para-

* graph 2A-Tk. Then, supply rate (¢) =R=L Choose the supply curve closest to the area supply
rate.

P




. . ANSWERS TO REVIEW EXERCISES i

I.ESSON 3

1. All drainage structures must be large enough to  carry away the maxium demgn dis-
charge. 32 -

2. The size and gradient of pipes and well-mamta.med channels reqmred to dmcharge de-
sign storm runoff may be determined by Manning’s formula. (3-2)

. Q=4 —“’86 R ST (3-20)
n

~
4. Wetted perimeter is the linear measurement of that portion of the peruéeter of the

. ditch or-structure actually wetted by the flow. (3-2b)\ ..

sow=2V(Z) +@ rvem@) '

6. ,022 (3-2¢) (Annex A-2, Tb)

7. The hydraulic radius is determmed by dmdmg the cross-sectional area of the flow
by the wetted perimeter. (3-2e)

12X 2 : RN
' 2 12 2 ‘ *
8. R= = (.95 ft. (3-2e¢) .
2V + 2° T 2Va0 2 X632 N .
9, wp = nd = 31416 X 3 = 943
» 2 n ?
ares = *& = 31418 X 9" 708 .o
4 4 !
. . T.08 ’ S
R = — = (.75 ft. (3-2b(3)) (3-2e
9.43 ) )
(10 A = 3@ .
wp = 2 V02 + & = 632
'A 2
R = = _ic_l__ = "0.4754 v
!l wp .. 6.32d .
-+ Q=A -Jﬂ R2/2 §/2 (gee exercise 3)
! . B . L(
3A—1 ’

o
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S

scraper.

16.
(3-5)

1

19.

R

16 = 34? ('15%83) (0.475)%s (0.01)% 4,

16 = 34d* (743) (0.475)%% d¥/*(0.01)**
16 = 3d%* (74.3) (0.609) (0.10) |
@ = 16 =118 °
$(74.3) (0.609) (0.10) -
d = (118)% = 1,083, or 1.0 ft. (3-3)
vi=2 = 28 _ 53 ft/sec. (330)
A 3 x1

Assunme d = 1.5 ft

Q= (8 x 15 + 159 (49.53) (1—3511—3:8)(0.0775)

16.88 X 49.53 X 1.17 X 0.0775
= 75.5 efs. . 1.5 ft is depth of flow (3-3b)

The ditch capacity required and the capabilities of the equipment available. (3-4a)

- A 8-inch freeboard is n8rmally allowed. (3-48)

The minimum ditch base width is 10 feet becausé that is the working width of the

-

(3-4b)

You must know the type of pipe to be used, the size, and the slope it is to be lgid on.

0.8 percent slope. (3-8) (annex A-4)
40 cfs. (3-6) (annex A-%)

2.0 percent. (3-7) (annex A-4)

;At the ;:ritical slope. (3-7)

5 fps. (38) (annex A4)

3.5 ft/sec. (3-8) (annex A-3)

i

3A—2
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- ANSWERS TO REVIEW EXERCISES

L S
-

\ " o LESSON 4
L , )
It witer will sccumulate in the trench during constructxon the trench must be ex-
cavatﬁ uphill to avoid working in water. (4-1)

2. A minimum grade.of 0.5 percent should be mamtamed to prevent water from stand-
ing in ditches. (4-2) .
¢ 3. Erosion may occur at any point where the force of méving water exceeds the co-
hesive force of the material with which the water is in contact. (4-3) .

' 4, Checkdams are not used when the grade exceeds 5 percent because this would require
A placmg the dams too close together (4-4)

5. Mlmmum length of apron for a drop of3feet15 9feet (3 X3=29). (4-4a) .

(%

, 6 S=ooxH=oox2=200
-~ e T A-B . 4-2 2

= 100 £t spacmg (4—4&) . _,
' *
7. The weir notch slot is always constructed Vs foot deeper than the depth of flow- as
a safety factor. (4-4b)

p ’\\\/  §
. 8. Q= CLE” <y ) N
.8 =13 X 25 x H~ ) CoX
B2 = _8 = 1.067
. 3 %X 25 - -

\3/i = 1.04 depth of water (4~4b) R

2 :

! - 9. The capaclty of a specxﬁc grate depends upon the depth of water over the grate head.

(4-5)

10. Read from table 4-2, right from 24” x 24" to column under 1 4 ft. Capaclty is 12.7
cfs (4-5, table 4-2) . _ -

11. A ditch-relief culvert under such/condxtxons should be placed at a 60 degree angle to
the road centerline. (4-6a)

12. If the outlet end of a culvert is below the surface of a stream the culvert may fill with
sediment. (4-6b)

—~

- ,, -1
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£y - . ) - "4A —2

. I37 . 8 ,
13, If the slope is varied, the steepest slope should be at the'outlet end. (4-8¢) =~ - .

‘14, The minimum distance between pipes in a multlple-pipe culvert should be one«ha.!f )
thediameterofthepipe (4-6d) . e -

< - —
e 8 - - - - s
= o R -~ - >

15. The foundation is convexed upward along the centerline to allow for future settle- -
ment and to insure 'dghtness in the lower half of the joints. (4-6e)

N

. 16. The backfill is tamped mecha.mcally or by hand to atleast 12 inches above the culvert.
(4-81)
17. Corrugated metal pipe culvert used in roads must have a minimum of 18 inches of
cover, or one-half the diameter of the pipe, whichever is larger. (4—6g)
. 18, For a cut section, the length of culvert reqmred is normally found by measuring the
distance from the bottom of the ditch on the upstream side to the bottom of the ditch on theé
‘ downstream side. (4-Ta) - o, ~ l

19, For a culvert over 30 feet long, pipes should be a minimum of 15 inches in diameter.
(4-7)

20, The culvert must be able to can'y f.he weight of the fill above it plus the welght of
live loads that may pass over the road. (4-7b)

21. Large corrugated metal pipes are strutted before backfilling so that the final shape ,
of the culvert will be circular instead of somewhat ﬂattened (4-8) .

22. Culverts 60” to 72” in diameter should be elongated 2” along the vertical axis dxmen-
. sion. (4-8s, ﬁg 4-13) ‘

23 Strut spacing would be 6 feet for a 60” culvert under 25 feet of fill- (4-8b, table 4-3)

24. Headwalls and wingwalls are constructed to prevent or control erosion, gmde water
'into the culvert, reduce seepage, and hold the ends of the culv’ert in place. (4-9)

25, Asa general rule, drainage systems on military installations are designed to take care
of the runoff from the design storm without ponding. Ponding is provided for a storm worse
than the deeign storm. (4-10)

»
.

4 + B)
V=—Fr—xb : ' SR

— IO’ + 50’006 . )
B . — ? > X 5 - - . .
= 30,000 X 5 = 150,000 cu ft (4-13a, b) . ‘ '

27." Data such as shqwn/in)table 4-4 must be tabulated before you can plot.a cumulative
runoff curve. (4-14b) . Lt . \

Ty ; - ! - v \




28 A cumulatlve runoff curve is used to determme the amount of water an area will con-
tribute to a pond. (4-14) o

29. ‘At'the pomt of mtersectlon ‘of these twaq lines, the volume of water accumulated and

the volume of water discharged are equal, so there is no 'pondmg condition existing. (4-15b)

~ : —

30. Determine the point where the two lines are separated thé gregtest vertical distance.

This point represents the greatest difference between the volume of water accumulated and the

volume discharged. (4-15¢) - »
31. Ponding will appreciably reduce pipe sizes for ateaa that have a short time of con-

centration. (4-16) , , .

32. Corrugated/metal pipe (CMP) is the most common pipe matenal used for culverts
in the theater of operations. (4-14a)

33. Where ponding is undesirable, cilverts should have sufficient capacity to pass the peak
runoff from the design storm without aflowing the water surface at the inlet to become higher
than the infet. (4-18a)

N

34. The “head” on a culvert where the inlet is submerged and the outlet not submerged
is the difference in elevation of the water surface d1rect1y above the inlet and the top of the out-
let. (4-18b) .

35. The “eritical slope” for a culvert is the mmlmum slope of the hydraulic gradient that
will permit maximum discharge. (4—180)
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ANSWERS TO REVIEW EXERCISES

ILESSON 5

° 7777\ v

1. The coefficient of permeablhty is a-property of the soil and is defined as the digcharge
velocity at a unit hydraulic gradient. (5-1a)

i

e - 2. Wihen seasonal fluctuations of ground water may be expected to rise to a level less
than 1 foot below the bottom of the base course, subgrade drainage is required. (5-1b)

" 8, If a gravity drainage system is impracticable, it may be feas1b1e to solve the problem
by increasing the depth of the base course so that the water table is a specified dlstance below
the top of the base course. (3-2a)

4, Deep V-ditches may create traffic hazards and they are subject to erosion. (5-2b)

&= 5. The moét common form of subsurface piping is perforated pipe. (5-2d(1))

6. The mvert is defined as the lowest point in the internal cross section of the pipe at one
partxcular location. (5-3a.)

/-\\ 7 Manholes should be provided at intervals of not more than 1,000 feet. (5-3b)

8. Center of subgrade lines should be not less than 1 foot below the ground-water table.
< . (5-3d) ’

9, Verﬁca_.l wells are constructed to permit trapped subsurface water to pass through an
impervious soil or rock layer to a lower, freely- draining layer of soil. (5-4)

10. The selection of the, proper filter material is of great importance since it determmes .
to a larger extent the success or failure of the drainage system (5-5) -

L - ) 4 11. If improper filter material is a drainage system may become inoperative in any
of the following three ways: (5-5) .
a. The pipe may become clogged by the mﬁltratlon/of small soil particles.

a b. Particles in the protected soil may move into or through the filters, causmg in- -
stability of the surfaca.

¢. Free ground water may not be able to reach the pive. : :

12. To permit free water to redch the plpe, the filter material must be many times more
pemous than the protected soil (5-6¢) ,

-

13. Well-gfaded soils generally have a’ smooth grain-size curve- Wlth gradual changes of ‘
slope. (5-60) .

5A —1
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14. The soil curve for a sk1p~graded soil is honzontal through the range of missing sizes,
giving the curve the appearance of a hump in that area. (5-6e)

15. When mOre than one layer of filter material is required, the designer should select the
filter matena.l to be placed around the pipe first. (5-7)

16, “The hole size must:be converted from inches to millimeters by multlplymg the inch
sxze"by the factor 25.4. (5-8) °

‘

E 85~percent gize of filter material ‘
170 , is greater than 1.0
»5:: hole diameter
B _ 18 grdaterthan10 - ~ .
% X 254 127 .

.". soil B will'not clog the drain pipe. (5-6a, chart 1)

- ) 60-percent size of filter material .
18, Cu = , i8 less than 20 .
10-percent gize of filter matenal . v .
&
- 19

= I = 13. 6, .".segregation will not occur (5 6d, cha{t 1)

19. Two conditions mﬁhf:"‘ﬁe satisfied: ‘ '
15-p,ercent size of filter material
,lslessthanorequalto5 d
. 85-percent size of protectell soil -
50-percent size of filter matenal :
and, s#— is less than or equal to 25
90-percent size of protectecf goil ' . T o=
- . 0.80 k

~———-—296lslessthan5 i - R -
0.27

oY 520
L == == 452 is greater than 25
- 0115 & ¢

*. soil C is not acceptahle. (5~6b, chart 2)

. I' 15-percent size-of filter material . -

20 - , is greater than or equal to 5 ' o
15-percent size of protected soil . oo
— 046 _ % . "
' ——— = 27.0; is greater than 5 *
0.017 . ' gre ’

e

. f}ee/water will reach the pipe. (5-6¢, table 2)

P
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;e EXAM!NAT!ON

_ARMY cdRRF. O,NDENCE COURSE .

DRAINAGE

" ENGINEER SUBCOURSE 359-3

Review previous lessons.

Annex A, i
Chart 3.

EXERCISES

First reqniremant. Solve multiple-choice b,
exercises 1 through 10 which will test your

-intercept subdrain
¢. French drain

knowledge of basic drainage principles.

. 1. All drainage can be classified
as gurface or subsurface. Which of the
following provides the simplest, cheap-
est, and most efficient method for han-
dling surface water?

a- gn‘lbankments c.
b. ditches d.

storm drains
culverts
2. In what way, in regard to in-

stallation, do culverts differ from
storm drains?

a. generally conform to thé grade and
alinement of .the na.tural drainage--
channel

b.. provide for the disposal of both sur- "

face and subsurfa.ce water ‘

Y dramasmalla.reaandcan'ythe

water to the nearest wa.tercourse

d. are only used where the construc-
tion is'to be of a permanent nature

3., When a subdrain is so con-
structed that it will permit the entrance
of surface water, what is it called? -

a. open subdrain -

EDITION 3 (JULY 1973)

d. combination drain -

4. Yourunit is responsible for con-
struction of the taxiway shown in figure

- Es1, Clearing and grading operations

Have just started and many large trees
must be removed. What is the first ac-
tion you should consider in regard to
the drainage proﬂlem?

a. construct a culvert at the intersec- .

y  tion of the natural drainage channel

7 and taxiway

b. attempt to drain the swampy area
withoutfall and/ordiversion ditches

ongtruct side 'ditches along both
shoulders of the taxiway as in final
plans

d. relocate the natural channel

5. Construction ‘operations on a
road are being suspended for 3 days.
Néar the end of the last shift of theday -
that work is to be suspended, you ob-
serve that the cross section of a partial-
ly completed length of road is as shown
in figure E-2. What getion, if any, would -




Figure E-1. For use with exercise §.
A Y -y
you direct before suspending the proj-
ect? -
a. install open-top culverts

b.
c
d.

install diversion ditches
crown the subgrade
no action required

% 7 NATURAL GROUND— -~

F 3

Fzgure:E-e For use with exercise 5.

~

6. Erosmn of the” travelel way
parallef tothe road centerline, as shown
in figure E-3, has occurred. The road is
gravel surfaced and has a steep grade.

LI

= N

. Which of the following courses of ac-

tion is most appropriate for handling
this drainage problem? * | s

a. construct open-top culverts
b. install perforated pipe

¢. improve side ditches

d. no action required, -

14

-
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SECTION A-A

Figure E-8. For use with exercise 6.

Y. Unless exceptional circun-
stances require greater protection,

" drainage for military construection

should be based upon what design storm
frequency, in years?
e 9

a 1
d. 10 .

b.- 2

-

8. In road and airfield construc-

tion,"what is the best time to take care
of the problems relatlpg~to subsurface
dramage‘?

a.. prior to establishing final plans™

b. before other construction work }
starts

¢. when construction Operatlons are
1mt1ated

d. pon completion of other construc-

tion ° .

9. What is the most likely cause of
pavement- failure if'the subsoil under
the pavement varies abruptly from. -
clean sand to silty dand mixtures, the
water table is 31% to' 4 feet below.the
roadway surface, and the area-has ex-
tended freezing periods?

"




differential frost Heaving
settlement of subgtade
failure by pumping -
uniform frost heaving

. girable that thawing ;

IR slowly,” with temperatures

just above freezing for some time.
. ' . i§ this? o .

. ' ' a. the longer the ground remains fro-

.' " a slow thaw from the top down pro-
. vides more time for water to run 6ff

on -zen:?lessmaintemncethatisre-\

o . ¢
- \ 143
must include successive drain:

’ areas requirin g determnination o
equivalent lengths

“

or cover, none equal to or exceedmg
80% of the area

13. In the Rational Method the fac-
tor “C" is the ratio of runoff to rainfall, -
Why ‘is “C” always adjusted when .
ground slopes exceed 2% ? _

a. greater sldpes result in reduced
ratio of runoff to rainfall

“C" miust be increased to reflect the
eater amount of water loss

' must have two or more types of soil .-

.

2 E
4.

@ c. increase runoff flows faster
. ¢ thisallows thawing from the bot:tom e ; inflltration. ** .
up and the reledsed watey can és- d. at 2% slope sheet flow becomes .
. channelized and evaporatlon is, re.
%t increases surface water\rather . duced . '
guces . ..
14. Maximum runoff from a drdin- .
age area will oceur only if the rainstorm -, . =
ffement, Solve multiple-choice " ~had two particular characteristits. ? ‘
hpough 20.which will test your . Which of the following includes these )
g two c@.racteristics? e
- ' R 11. By ﬁe Hasty Method, how a. foust éov_er the entire area for a
) @ o . many 36-inch-diameter pipe culverts ' :\,‘perlod just equal to the time of
@ e, will be néeded for a stream havid ™ . ieoncemtration . . a
o ' . bed width of 5.0 feet, a depth of . b should be heaviest in th
) ’ . at ‘high-wa mark of 2.0. feet, e around the OE:IZ: est in é area.
’ width of stredm’at high-water mark of S '
> . i 7.0 feet? . . c. mtist contmue at its maximum in- * .
' ' ¢« a1 . ’ 3 : i , tensity beyond the TQC D
. b, 2 .d 4 ) - d, “must continue beyeond the TOC but
) . S v its mtensxty may lessen ..
12.. For an area to be classified as a ' o
T compiex - d.nuﬁ e area which of-.the " 15. You have dete
. . ) . rmined that the
@ followmg conSMions ‘must exist? : TOC for a drainage area-in the vicun% .
- " a.* ared must have some flat-and some of New“frieans, Louisiana to be
N rolling” ten?n with varieties of minutes./] What ramfallo mtepmty will o
- - cover, - you expect for the TOC"
' 0 ~ ‘b .. may have any number of types of a. 3.0 '@* e 40 .
- " goil or cover but one must equal : -
i «80% of the area b 35 ., . d. 45, S
Q ‘ . / ' . ’ ’ f’z}g&;
1 . ¢ P ’ © Q:; ‘/' - E—3 . ; ! } i —
N * s 7 {/ - - u ' . -
M - / . " . \ - L} . 2
L] g (' ‘ L] /
s ] ‘ 1 5 1 _ : Dl
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CoW .
: J6.” In order to apply the formula
- Q = CIA it is necessary to know the

: sizé of the drainage area in acres. What
. ‘ must be done before the size of the
area can be determined? )

-

a. ‘the coefficient of rp.noﬂ must be
“selected

b. thearea must be defined .
c. flow paths must be located "

d.' outlet elevation must be estab- -

v lished

™~

17. What diameter round pipe, in
inches, will be required for a drainage
area of 40 acres in.relatively flat terrain
(use C = 0.3»? Solve, using nomograph

. " for solution of Talbot’s formula, fig

. 2A-1.
' . . 5 (l
a. 18

. ' . _ b 2

30
36

o

.

8 4P

-

© .Engineers method for estimating run-
off, why is it necessary to convert the
average length ,of runoff flow to an

equlvalen‘&hngth ?

" & “to reduce the fhree flow types,
sheet, channelized, 4nd ditch, to
common values

" .
&

PRAN

&

* < b. equivalent length is used because of
the irregularity in shape of most
drainage areas

& G, this conversion takes intd account

) .the variables ‘and el
judgment decisions

. 18. In working with the Corps of

- ) e )
) ) .
a. 85 C e 161 )
b 127 4 2086 ’
«

20 The representative d.l;amage
path for a simple drainage area has
sparse grass cover, is 400 feet loffpand
is on a"2.0 percent slope: What'ig'the
equivalent length'in feet for this drain-

age path" . ; A
a. 130 e. 152 - .
bo 141 '.“ do 163' PR

Third requirement. Solve- mm:ciplélchoice
exercises 21 through 30 which will test your
/knowledge of the desxgn of dxtches vand cul- .
verts. J

21. A Y-ditch with 5 to 1 side slopes ‘
“and a flow depth of 2.0 feet is in your
drainage system Whatis the cross-sec-
“tional area, in square feet, of water flow-
" ing id the ditch? ~ .

<
a 125 1e 175
s;./ -
. b 180 d.” 20.0

22. A trapezoidal ditch has-a base
width of 12 feet, side. slopes of 5 to 1 -
,and a flow depth of 1 foot. What is the
wetted perimeter, in feet?

a. 22
b. 26

v o . 3

30 .
d 3¢ - -

c.

23. A trapezoidal ditch 1 foot deep
-is-covered with a good stand of grass---.- -
, which is 8 inches high. What value of
Manning’s “n” would you use in your

" o calculations ? .
° ’ d. becaugemthe dg?phs 1%59(1 ; ﬁm& a. 0.020 c. 0.040
' n = 0.40 an = 1.0, variations _
' v N _ must be adjusted to these values - b.. 0'0?5 d. 0.045 ’
- . N ' 24. A trapezoidal ditch has a base . . -
v -19. g that a drainage area’ width of 10 feet, side slopes of 4to 1, '
of 10.3 aches has a weighted equivalent , and a flow deptlf of 3 feet. What is thé .
length of 500 feet and a weighted sup- . hydraulic radius in feet? .
— . ply rate of 2,0 inches per hour, what ., . s .
~ would be the maximum raté of runoff a. 09 ¢ 19 . N
: in cufiq feet per second? b. 14 _ d 24 '
. i P . - h ‘ R
X E—4 .
o : 1 5 2 ol
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! 25. You are detérmining the slope

of a clear, unlined drainage ditch for an
., airfield. What is the minimum slope, in
percent, you should consider?

& 01 e. 05
b. 0.3 d 07 -

26. You have established that a
trapezoidal dit¢h 10 feet wide with side
slopes of 8 to 1 and a flow depth of 1
foot will be required to carry away
water collected from a This
ditch has an area of flow of uare
feét, a wetted perimeter of 26.1 feet,
and an n value of 0.020. What slope, in
percent, will be required for a-flow of
104 cfs?

a 04
b. 0.6

e 0.8 *
d 1.0

27. Assuming you have a V-ditch
with side slopes of 10 to 1, have cal-
culated a runoff of 20 cfs and a flow
depth of 2.0 feet, what will be the veloci-
ty of flow in the ditch, in feet per
second"

a 0 25 c. 0.75
b. 050 d. 1.00
28. A trapezoidal ditch has a slope

of 1 percent, a width of 10 feet at the
bottom, side slopes of 12 to 1, an n value

of 0.025, and the depth of flow is ob-

gserved to be 1 foot. What is the rate
of flow in cfs in this ditch? °
a -718° - c. 98
b 88 - ~ d, 108 °

29. What gize concrete pipe, diam.
. eter in inches, will be required for a
culvert which will be placed on a 0.6
percent slope and must, carry 73 cfs?

0 64 percent slope, when it is dzschar . s
“  ing 30 cfs?

a 3.0
‘b, 4.0,

e 50 -
d 8.0

’

’
.

Fourth requirement. Solve multlple-chome
exercises 31 through 40 which will test your
knowledge of drainage construction, check-
dams, drop inlets, culverts, and ponding.

31y V-ditches are probably.more
easily constructed and maintained than
trapezoidal ditches where the required
capacity does not exceed a certain- qua.n
tity. What is this hmltmg quantity, in

cfs?
a.// )

0 .
b. 80

e 9
d. 100

82. A ditch is 2,000 feet long a.nd
has a slope of 4 percént. You are to
reduce the slope to 1 percent by 'use of
‘checkdams. The height of drop of each
"checkdam is to be 2 feet. What ig the"
*gpacing, in feet, of the checkdams?

a. 35 c. 67 e
.b. 53 d. 80

33. You are designing a drainage
system for a paved area and plan to use
36-inch by 36-inch-square grate inlets.
For design purposes what quantity of
flow, in -¢fs, should you consider each
grate capable of discharging if the head
is to be 1.0 foot?

“a. 165
b. 24.7

v 3

e. 370 . e
d. 494

. 34. You are supervisin'g the place-
ment of a 48-inch CMP that will Tun
under a finished road. At what mini-
muym depth, in inches, below the finished-

2. 36 c. 48 road surface should you place the bot-
b. 42 d.- 60 tom of .the CMP? .
w o . .
* 30, What is the velocity of flow, in- a. 54 . & o
ft/sec,.in a 36-inch CMP installed on a b. 60 7 d. 72 -
we
. . - E—5 o
. ¢ . '
s, -
Qo 15 3 i

&
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L ' 85. *You are to détermine the maxi-
mum diameter culvert that-can be .
“placed -under the taxiway in figure E-4¢  °
and_ that will satisfy cover require-
ments. The only pipe availablecig 10-"
gage CMP and 'tHe .design load-is-a ¢
120,000-pound plane. Whatis the myx -

“ *

2z . -

~ - . P

mtm 'diameter;» in inches, that you
should specify for tRis particular cul-
vert? ! )

a 24 e 48 .
. (a6

L
.

b. 36

CULVER

rd

T Sz 2.070

/,
E

/ .

~

‘Pigure E-j. For use with exercise 35.

36. Youare to place a 72-inch diam-
eter CMP culvert 175 feét long in a fill
as shown in figure E-5. The-ends of
the CMP are not to be cut to the slope.

\t a. 647 - e

the ‘bearing blocks and compression
ccaps used with jack struts. Use nominal
size of the timber (4-inch by 4-inch).

w many linear feat of 4-inch by 4-inch 706
imber will you need to strut this cul- .
vert? Disregard the jack struts and b. 672 @ 741

22 4

» . —"’T“'g
|

| T
/ /

Figure E-5. For use with exerciée 36.
~

E—é¢
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TAXIWAY,

87. It has been determined that two
48-inch diameter CMP culverts will be
required. In designing a concrete head-
wall for these two qulverts what center-
to-center spacing do 'you provide, in
feet"

s 2 -c.6‘_
b. 4 d 8

88. Figure E-8 illustrates an area
which is being considered for ponding.
The area included within each contour

line ig as indicated. What will be the

storage capacity, in cubic feet, if the
pond is to extend to the 58-foot con-
tour?

- =

a 228000
b. 255,000

- 9e. 289,000
d. 305,000

. -The head (H) on a culvert in
which the inlet is submerged and the

outlet is unsubmerged, is defined as the’

difference in elevation between
a. the water surface directly above the

inlet and the water surface at the

outle

b. the water surface directly above the
inlet and the top of the outlet

c. the invert of -the culvert at hoth the
inlet and outlet

'd. ‘thé water surface above the inlet

and the invert at the outlet

- 40, Why is it impertant to be able
" to determine the critical slope of a
culvert?

a. the critical slope indicates the point
where the culvert may fail

b. the capacity of the culvert is less .

when the critical slope is exceeded

¢. at’the critical slope the.culvert has
reached its maximum capacity

d. the velocity of fiow then exceeds
* maximum permlsslble,dmcharge
velocity

: - Fifth requirement. Solve multiple-choice
- ’ exerciges 41 through 50 which will test your

b -

Area -bounded by*

Total area In sq ft

-

58-foot contour 160,000
56-foot contour 110,000
54-foot contour 50,000
52-fobt contour . 18,000
50-foot contour 6,000
, 49-foatefcontour 0
*All contours are concentric. ) -~

-Figure E-6. 'For use with exgrcise 38.

knowledge of subsurface drainage. .

- 41, "Line AL;B(C,( in ﬁgt;re E-7 repre-
sents the profile of the centerline of a
portion of a road. Road crown and the

- topography of the surrounding- area

smake it extremely unlikely that inunda-
tion will occur in this portion. Tests
indicate that the subgrade coefficient of

permeability-is uf’&-x 10+, You de-
termine that base drainage is necessary

at which of the following ? -
a. A, B, and’C
b. A and R only



42. A road must be constructed

‘across a swamp at its naxrowest point
(about 150 feet). The und water
EL 68.5'—%

: . 1000yd

- 0}

»!
o
32

¥ E~1 .- 3 - - 2

level is at the surface and the soil is

impervious. Which of the following

-methods do you choose to handle this

drainage problem?

a. ‘construct french drains along
shoulders of road

-~

feet about ground water level

-

d drain the swamp by use of trape-
zoidal ditches

“ . d. install a perforated pipe_collection ‘

s and drainage system

43, A subdrain is required to lower
the water table in the subgrade of a
road. Specifications require that the
invert of the 8-inch drain. pipe be not

.

8

”

Figure E-1. ‘For use with exercise 41.

et

&b. raise the road with fill at least 5

B EL87.5'T " ROAD sHoy,
\ . . : OER .
S — l ——TELBS:S'

o ) : i

> 800 yd ———»

.

lesg than 4 feet below the ;oad shoulder.
The drain pipe will discharge into a 48-
inch culvert which normally flows half
full. You are presented a plan as illus-
trated in figure E-8. Based upon criteria
given in this subcourse, what change, or
changes, if any, must you make?

a. bring the drain into the top of the

culvert with a vertical pzpe connec-
tion

b. increase the -grade of the subdrain
by lowering the outlet into the cul?
vert

+ ¢.' decréase the grade of the subdrain
by lowering the pipe at point A

d. approve the plan as presehted with-
out any change , N ‘

-

a

v

1000 FEET . -

- . Figure E-8. For use witfi exercige }3.
E—8

.\ . 1"~ ’ -
Q v . N
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44. A 5,000 foot runway has a sub-
grade drainage system consisting of a
single line of 6-inch perforated pipe
along each side of the pavement. Each
line is 6,000 feet long, has dead ends,
and discharges into 8-inch ,collector;ilﬁ
at 1,000-foot intervals. How many -
holeg should be installed for these drain
lineg? .

a. 10 ... e 14
b. 12 d 16

45. You are planning to place an in-
tercepting drain at point “A” in figure
E-9. What is the minimum distance, in
feet, below point A that you should

place the bottesa of the 6-inch opens
joint drain pipe you plan to use?

a. 20 c. 45_
b. 30 d. 55

A  SEEPAGE —»

IMPERVIOUS ZONE

Figure E-3. _For use with exercise 45.

i

« N

Special situation. It has.been decided that
subsurface drainage will be required along a
portion of the runway at an Army airfield, s
Chart 3 shows mechanical analysis of the
subgrade soil and of the available soils, A, B,
C, and D, for use as filter material. Solve
exercises 46 through 50 based upon this situa-
tion. Use 25.4 millimeters per inch where cons
version is required. '

= 48. If you have pipe with 0.5-inch-
wide slots, how many filter materials
would be satisfactory, assuming that
all the filter materials satisfy other
criteria ?

& one - ¢ three .
be two 2 &s four s
47, éipe available for use in the

subsurface drainage system has "34-
inch-diameter perforations. How many

’

E—~9 -



of the filter materials shown in chart 3
with this
em satisfy

may be satisfactoril
pipe, assuming that all of
. other criteria? ’
a. one

b. two

c. three
~d. four

48. How max'1y\ of the filter mate-
rials will prevent movement of particles
of the subgrade soil into or through the

- filter material?
& none e two

b. one d. three

~,

* \ .
49. How many of the filter mate-
rials will allow free water to pass-from
the subgrade soil to the pipe?

c. thf'ee
d. four

a. one’
b. two
50. How many of the filter soils

available for use as a filter material
have a satisfactory coefficient of uni- °

formity?

‘a. one

c. three

b. two d. four.

1234 83218 — AG — Ft Belvolr
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‘ \ ; .o
° . , 0‘ ) TABLE OF RO!X}HNESS COEFFICIENTS (HANVING’S n)
5 , OPDI CHAMIELS-—NONVH}EMTED
$ ~ ’A 7 — o \,.; - Manning's n,
‘. Type of Lining Good Poor
’ Condition Conditicn
1, Ratural Streams
Clean, straight bank, full stat:e, ‘
no rifts or deep pools — 35 .033
b. Sames as (1) but gome weeds and stones .030 040
ot o ' c. Clean, \dnding, some pools and shoals +033 +045
. . d, , Saie as (¢}, lower stages, more meffective '
v A "slope and sections 040 055
* e. 'Same as (c), some weeds and stones 035 . .050
L f, Same as (d), stony sections - <045 060
g. Sluggish river reaches, weedy or with )
. very deep pools +050 .080
. h. Very weedy reaches 075 - 150
v i< Coarse gravel, weeds on binks 025 .033
« Js* Fine, well-packed gravel - 0020 ‘
2. Earth . |
’ ] ‘.‘ &”, Gtt‘&ight, mfom .ol7 0025 .
b. Dredged, rough bed «025 .033
- T c. wWinding sluggish .023 .030
. Earth.bottom, rubble sides- .28 .035 °
N Natural Rock
. " a, Cuts smooth and uniform. s #025 035
o b. Cuts ‘jagged and irregular ‘ . .035 JOLS
L L.  Stone Work . c '
- : . &, Dressed ashler 013 017
) , _ b. Dry rubble (riprsp) . ‘ .025 .035
. - ‘¢c. Cement rubble , 017 .030
5, Masonry ' ‘
, & Concrete finished - . , 01 MoV
) b, Concrate unfinished - .015 020
) Ce Bl'iCk ) ' ) * 0012 0017
6 Wood « , ‘
. o . as Planed Ay .010 014
“ L - b.. Unplaned L ‘ Kosl 4015 ,
’. ’ : i: H!E ’ e ¢ . . L ) ' ‘ )
' ) a. 9mooth ) ’ ., W0k - 015
" ‘ , b. Corrugated . ] 20022 .030
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0

* B OPEN CHANNELS~--VEGETATED
5 ek - - .
 Manning's n
Trape~ Wide
. zoidal Shallow
‘ ’ Channels  Channels
- \‘ ﬁtl’h or Swales
. with
Depth 1' Depth 1'
8, Good Stand of Grass
a, Longer than 24" .09 .30 .
b, 10" to 24" .06 <15
¢. 6" to o™ { .. .0 .08
" d. Shorter than 6" ’ 035 .06
< If stand Is only fair use value of n ’ 4
in next lower line e.g. for & fair :
. stand 24" in trapezoidal -channel use
n= ,06 - .
e C. CLOSED CHAN}NELS
- Manning's n
* Type of Lining " (Good Fair
, - Condition’ Condit.ion
9. Pipe ‘ >
ay Concrete ‘ .010 016
& b Corrugated Metal (plain) . ,021 .025
c. Corrugated Metal (paved invert) .019 013
d. ~Cast Iron (uncoated) .01 L015 .
« €. Vitrified clay 011 Ol
10, _Box Culverts v R )
a., Concrete 013, | .015
b. Brick 012 017
. Cenem.ed Rnbble Nov/a 030
v - A) . . \

‘N

‘
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Table Of Maximum Mean Velocities Of Streoms. To Prevent Erosion -

Mean Velocity

daterfal ‘ ft /sec
Very light pure sand of quicksand character , 0,75~1,00
Very light loose sand 1,00-1,50
Coarse Sand T 1,50-2.00
‘ Light Sandy Soil - 1.50-2.00
Average Sandy Soi:l g . 2,0C-2,50 :
sandy loam 2,50-2,75 . )

Average Loam, Alluvial Soil, Voleanic Ash Soil 2,75-3.00

Firm Loam . 3600-3.75 -
Cley Loam , 3,00-3,75

" ostiff Clsy . ' 14400-5,00 v
Ordinary Gravel Soil ' | 4a00-5,00 .
Coarse Gravel, Cobbles, Shingles _ 5,00=6,00

fsed Gravel, Conglomerates . ' \6.00-8.00

Tough ™ Ha an, Soft Slate . ‘ 6.00-8500
b r . "
Hard Rock | o 10,00-15,00
7 . *
ANNEX A-3 For Use With Subcourse 359 -
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TABLE OF ALLOWABLE VELOCITIES FOR ERODIBELE CHANNELS

¢

Barth~-No Vegetation*

Cad

Maxdimum
Allowable Velocities

Clear Water Water

Water Carrying Carrying
Fine Silts Sand and

(Co al)Gravel
ft/sec ]h/se )f?7seec

- Fine' Sand (noncolloidal) *1.5 2,5 .15
"Sandy Loam (noncolloidal) 1.75 2.5 2,0
5ilt Loam (noncolloidal) 2,0 5?8/- 2,0
Ordinary firm ;agn 2.5 3.5 2,25
Volcahic ash ‘ 2,5 3.5 2,0
Fine gravel‘ T 2.5 5.0
Stitf clay (very colloidai) 3.75 5.0

Graded 1oam to cobbles % :
: (noncolloiaal) 3.75% 5.0

Graded, silt to%obbles .
{colloidal) 4.0 5.5

Alluvial silts (noncolloidal) 2,0

Alluvial silts (colloidal) 3.75

. 1
Coarse graval (noneolloidal) 4.0

Cobbles and shingles 5.0

Shales and hard pans

#Recomended in 1926 by Special Committee on Irrig&tion
Research ASCE

ANNEX A-3 For Use With Subcourse 359
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TABLE OF ALLOWABLE VELOCITIES FOR ERODI BLE LININGS

ensaarme
Earth with Vegetative Cover -
. . o . ~ ] Easily Erosion
. .- Slope Eroded Resistant
Type of Cover ' Rarige Soils Soils
o - . , g ft/sec ft/sec .
a, Bermuda grass sod 0-5 6 8
5-10 5 7 -
. 104 L )
b, Sod-forming grass such as: H 0-5 . 5 7
v ) __kentucky Elue grass 5-10 &4 6
: . + Buffalo grass . - 104 3 5
) _Smooth Brome . '
Red Top
Elue Gamma
~ ¢, Grass mixture, This is not 0-5 A 5
recommended for use on 5-10 = 3 A
slopes steeper than 10% .
, 4. Bunch grasses, vines and 0-5 2.5 345
. . similar open cover such as:
% Lespedeza . .Not recommeded
Weeping Lovegrass for use on slopes
¢ . Ischaemum (Yellow Bluestem) steeper than' 5%
K * Kudzu . .
’ . Crabgrass
Sudan grass v
, Annuals (for tempotary use)
s . .
. ANNEX A-3 For Use With Subcourse 359 -
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Water-Surface at Inlet same Elevation as Top of Pipe, and Outlet Unsubmerged
ne,024

-

Values are in cubic feet per second.

CAPACITY OF CULVERTS WITH FREE OUTLET, CMP

Sl°ﬁ Diameter of Pipe, in Inches
in % Vis| 12 18 24 30 36 - 42 48 60 72 Vips
0.4 2-| 1.3 3.9 8.4 15 25 - 37 53 96 160 7
0.6 1.6 4.8 10 18 30 45 64 120 190 8
0.8 3 1.8 5.4 12 21 34 50 72 130 210 9
1.0 2.0 5.9 13 L ¥ 36 54 77 | 140 220 10
1.2 2.2 6.4 13 24 38 57 80 150 []-230 11
1.4 2.3 6.6 14 .25 39 59 82 150 230
1.6 4 2.4 6.8 14 25 40 — 153 83 150 230

1.8 2.5 | 1.0 | .14 26 40 59 83 )
2.0 2.5 7.0 15 26 40 =
2,2 2,6 7.1 15 A )

NOTES: 1. Underlined values for Q indicate critical

2.4 5 2.6 7.1 slope for the respective pipe.
2.6 s 2.6 - 2, The stairs ind"cate velocit;v of discharge

‘ - in fps.
2.8 6 2.6 * -




v

CAPACITY OF CULVERTS WITH FREE OUTLET, CONCRETE PIPE

- Water-Surface at Inlet same-Elevation as Top of Pipe, and Outlet Unsubmerged .
L - * Values are in cubic feet per second. n z.013
>
Z
% ' .
x Slope Diameter of Pipe, in Inches - p
in %

e " Ve 12 18 .24 30 36 42 48 60 - 1% Vfng
Y .4 2.3 6.6 14 | 25 | 39 58 |+ 82 |. 150 230" 11
- 4
3 .6 2.5 | |21 |1 |26 40 59 83 150 {230 |y 12

S .8 2% 7.1 15 26 . 40 |59 83 -
-5— . 5 _ R ]
by 1.0 2.6
8
g prs 6 7 8 9 || 10 11 'prs
n
®
. > ((5 L ‘ . - . ‘
- © ' NOTES: l. Underlined values for Q indicate critical

slope for the respective pipe.

2, The stairs indicate velocity of discharge «

in fps. . ) gg " 174
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’ PIPE COVER REQUIREMENTS FOR AIRFIBLDS (D FBR?)
(Data Prepared by the Ue S. Engineers, Office of the Chief of Enginesrs)

N
. h W
TIPS OF PIPR {30,@0 LB PLANE 80,000 LB PLANE 126,000 LB PLANE 300,000 LB_PLANE
(Pipe Diameter in Inches) 6J12 J24 %6 |48} @ 6]'12] 24 {3848} &0 |6 12 |24 } 36 |46 Je0 | & 12 |24 |36 | 48 | &
> Fley Sewer Pips “f 1.8] 5.0] 3.0} 3.5 3.0 4.0 7.0 )
% . Play Culvert Pips (AASEO) 1.6 1.5} 2.0 3.0] 3.8} 8.5 3.5] 6.6} 4.5
m _  Eoncrete Semer Pipe 1e5f 2.5] 3.0 3.0f 4.0 4.0 8,0
> . ; -y
> Reinforoed Comorste Sewsr ap._ 2.0} 3.0} 3.5] 4.0] 4.0 3.5 . 4.5 ;
L'n Reinforced Concrete Culvert Pipe 1;5 2.0} 2.0} 2.0] 2.0 Z.SJ 3.0] 3¢5] B.5) 3.5 3.0{ 4.0] 6.5 4,0} 8.0] 7.0} 9.0] 10.0
g' Reinforoed Cancrete Culvert Pipe . -. . .
- (Extrs Strength) 1.0{ 1.0} 1.0} 1.0 2.5] 2.5} 2.5] 2.5 3,0] 3.5] 3.%] 3.5 4.0f 5.0} 6.0} 6.0] 740
5.'-' Forrugated Hetal Pips = 18 Gage | 1.0 - 1 1.5 2.0 2.0 . 3.0
® R
Corrugated Metal Pips ~ 18 Cage 1.0f 1.5 1.0] 2.0] 3.0 1.5] 2.5] 4.0 2.0{ 3.0] 6.0
.f. Corrugsted Uetsl Pipe ~ 14 Gage 1.0] 2.0 t] 1.8} 2.5] 3.6 2,0{ 3.0] 4.0 2.5] 6.0] 7.0
> 7 o -
. Corrupsted Vetal Pips - 12 Gage 1,0§ 2.0 1.5] 2.5 3.5 1,6] 2.5] 3.5] 4.0 4.0} 8.,0] 7.0
w1y L Bt B N
g‘_ N Corrugsted Hetal Pipe - 10 Gage 1.0] 1.8 2.0} 2.5} 3.0 2.0] 3.0} 3.5} 4.0 3.5] 5.5 6.5] 7.0
€ - v .

5 Corrugsted Metal Pipe - 8 Gage 1,0 , 2.0l 2.8 2.5d 3.0l 3.5 * | sfol s.0f 6.0l 6.5
c . 0
- N N
(14 WOTES: 1. Pipe to conform to ASTHM spmg’o-nm exoept ae 0 » Pipe produoed by certain maufectursre excssds strength M
s established by ASTN standards. Rhg proof of extre ngth, 1s sutnitted the minimua cover msy bs ysried scoordingly.
sg 2. Cover for pipes within lending ¢r taximey strips or siailer traffic areas shall be provided in socordancs with .

above table exoept es provided for rigid pavemsnts 1n.Mote 3 below.

3. Pipe pleced under conorete sirfisld pevexents ‘ehnl ) have & minimum oover rodeured below the sleb of 1.0 foot for
plane loads up to end including 120,000 1be, end 2.0 feat for 300,000-1b. phno loeds, exoept that minimum cover -

below thiokened edges may be redused to 0.5 fgot for 120,000~1b plans loads .or less, and to 1,0 foot for 300,000-1b.

plans logdo. R E

Q

* A 5 » B [
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Recommended gages for mestable
corrugated pipe

‘ . Diam.in| Waterway| Fillsup| Fillsup| 20-ft.| 25-ft. | 30-ft. | 35-ft. | 40-ft.
‘ inches area to 8 ft. [to 16 ft.| fill fill filt fill fill
‘ (sq.1t) |[° )
"8 35 | 16| 16 | 16|16] 16167 16
10 .55 16 16 | 16 | 16 | 16 | 16 | 16
12 19 | 16 16 | 16 16 | 16 | 16 | 16
. 1S 1.23 16| 16 | 16 | 16| 16 | 16 | 16
. 18 | 177 16 16 | 16 | 16| 16 | 16 | 16
T 21 2.41 16 16 | 16 | 16 | 16 [ 16 | 16
24 | 3.14 16 16 | 16 16| 14| 14| 14
30 4.91 14 14 | 14 14| 14| 12| 12
36 7.07 14 14 | 1412 12121 10
42 9.62 14 14 12 | 12 ] 10 | 10 8
48 12.57 12 12 | 12{10] 8 8 8
54 1150 TR 0] 8| 8| 8| 8
60 1 1964 1 » | 10| 8| 8| 8| 8| 8
66 23.76
. 10 10, 8.8 8 8 A
Must be de-
78 33.18 8 8 8 8 %iﬁr;lequr these
\ BB | g s | 8| 8| fmentdoe

40 ft.

Note. Culverts below heavy line should be strutted durihg installation.

v

& ‘ o

T . . . . *
- . Strilt spacing using 4- by 4-inch timbers with
compression caps
Diaheter | Length of Silt heights, in fect
v in . strut in -5 | "s-10 | 10-20 | 20-30
" inches inches Spacing of struts in feet I *
.o ) - 48 37.5 6 6 6
¢ . 54 43.6 6 6 . 6 -
60 49.8 6 ‘ ‘6 6
66 56.0 6 | v 6 . 6
N 72 62.2 6 6 S
’ ‘ ANNEX A.6 For Use With Subcouse 359 '
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