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MILITAY CURRICULUM MATERIALS

The military- developed curriculum materials in this course

, peckage 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 instructional materials, agencies.' The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The-course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for

ditsatination. Materials which were specific to the nilitary
were deleted, copyrighted materials were either omitted or appro-

val for their use was obtained _These course packages contain
curticalvm resource materials Which tan be adapted, to support
vocational instruction and curriculum development.
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The National Center
Mission Statement

The National Center for Research in
Vocational Education's mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning,

--preparation, and Orogressidn. The National
Center fulfills its mission by:

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educatiOnal programs and
products

Operating information systems and `,
services -

. . t
Conducting I dership development and
training prOgr s

FPR FURTHER .INFORMATION ABOUT I' ' '
Military Currictilurq Materialk. .. ,,

WRITE OR CALL , .
Program InfOrmation Office
The National Center for Research in Vocational

Education .
-The Ohio State UniversitY
1960 Kenny Road, Columbus, Ohio 43210

4. Telephone: 614/4863655br Toll Free 800/
848.4815 within the continental ,U.S.
(excipt Ohio)
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Military
Curriculum 'Mated 6ls
Dissemination Is . . .
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, .

an activity to increase the aetessibility of
military developed curriculum materials to
vocational atcl technical educators.

This project, funded by the U.S. Office of
Education, inclAides the identification and
acquisition of curriculum materials in print
form from the, COash Guard, Air Force,
Army, Marine Corps and Navy.

--A-ccess to military curriculum materials is
providedthrough a "Joint tcllemorandurn, of
'Undo landing" betyyeen the U.S. Office of
Education and the Department of Defense.

-

What Materials
Are Available?

t

One'hunAred twenty 'courses on microfiche
. (thirteen in paper form) and descriptions of

1) -I each have been provided to.the vocational
Curriculum Coordination Centers aq other
'instructional materibls agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum 'Outlines, instructor
guides, student workbooks and technical
manuals.

The 120 -courses represent, he fokwing
sixeeen'vocational Subject areas:

Thacquired Materials are reviewed by staff
and subject matter specialists, and Courses
deemed, applicable to vocational and tech-,
riical educaiio are selected for dissemination.

,The National Center for; Research in
Vocational Education is the U.S.. Office' of

Education's designated .representative to
acquire the materials and.conduct the pioject
activities.

tr.

Project Staff: 4 a

Wesley E. Budke; Ph.D, D7rector
National 'Center learihghouse

Shirley A. Chase, Ph.D,
Project director

g ,, . ,

Agricultuie
,Aviation
Building
Construction
Trades.

Clerical
Occupations

Communications
af tinv

Electronics
Engine Mechanics

FoodoService,
'ealth
Heating & Air

V9onditioningachine Shop
Management &

Supervisii)n
Meteorology &

Navigation
PhotOgraphy
Public Service

r

The number of courses and thesuljectoreas
representedoivill expand as additional mate-
thils with .application to iocational and
technical education are identified and selectsd
for dissemination.
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How Can These
Materials Be 'Obtained .

77`.:.:77";t -77 7.'"7.
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_ .
Contact the Curriculum Coordination Center
inyour region for' information on obtaining
materials (e.R., a4lability and cost). They
will,respond to your request directly or refer
you to an instructional materials agency
closer-to you.

TRAL
Rebecca S. Douglass
Director
100 North rirst Street
Springfield, I L 62777
2174782-0759,

C0011D11.1/\1101.1eLNI-EfIS

MIDWEST
Robert Patton
Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377;2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08625
609/292.6562

NORTHWEST .

; WiIl m Daniejls
Director
Building 17
Ai rdustrial_Par k

Olympia, WA 98504
206/753.0879

SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi State Unjversity

Drawer DX
Mississippi State, MS 39762
6Q1/3252510

WESTERN
Lawrence F. H. Zane, Ph.D.
Director
1716 University Ave.
Honolulu. HI 96,822
P8/948.7834

'7



bRA,INAGE
- ..,, Correspondence Cowie

..,
1

3-5

.
)0/eloped by:

United.States Army

Development and
Review Dates

.

Unknown

f

Suggested BadcirOund-
.

t
1 ,*

1

Basic math skills plus algebra, and chart reading skills.

Target-Audiences:
. ,

. Grades 10-adult -;

. 4

4

..-

N.

081curiatzonal Arse: - ''
Building and ConstrUction .S

Cost:

$3.50

Print Pages.

173
i

Availability:
Military Curriculum Project, The Center
for Vocational Educatron, 1960 Kenny
Rd., Columbus. OH 43,210

Organization of Materials: '
-

.

-,-. Lesson objectifies, text readings, review exercises, answers,- supplementary charts and graphs, and course examines'

L.
Type of If' ruction:

Ihdivi lized and self-paced

i. t

o

/ .

l

I

..
Type of Materials-

1,

Drainage 0
. .

Lesson 1 Basic Drainage Principles

Lesson 2 Surface Runoff (Hasty and Rational Methods)

ti
Lesson 2A Surface Runoff (Talbot's and OCE Mods)
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-:-

Lessoil4 DrainageConstruction; Check Dams, Drop
Inlets, Culverts and Ponding ,

1 .
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Course Description ,A

s
.

This course provides basic information for the design of simple drainage Structures for roads and airfields. Some job skills included are

.r.
...

Design and construct ditches and culverts
Design subsurface drainage facilities
Design arKl use ponding areas , .

. \9. Design check dams and drot? inlets
,.

... _
. : .

This course consists of five lessons each containing a lesson objective, readings, and reviti.g.i exercises on the following topics:
1

Lesson 1 Basic Drainage Principles covers the importance of.clrainage, types and functions et drainage, structures for surface drainage,
structures for subsurface damage, temporary drainage during construction, drainage maintenance, road drainagt, airfield
drainage, preliminary consideiations for drainage design, data required; ceconnaisance, general procedure in drainage design,
design storm, gracirig, soil characteristics, frost action, uniform heave, differential heave, thawing, and sources of frost-
action water. .

V

Lessen 2 _Surface Runoff (Hasty and Rational Methods) is an introduction to runoff and describes the procedures for using the hasty
and rational methods of calculating runoff. ti

Lesson 2A Surface Runoff (Talbot's and OCE Methods) provides the formula for u mg the Talbot and OCE Methods along with example
problems. ,

4

I 6. . /
Lesson 3 Design of Ditches and Culverts covers Manning's Formula for figuring design, construction equipment considerations, ulvert

design, size of pipe, flow and velocity.

Lesson 4 "Drainage Construction, Check Dams, Drop Inlets, Culverts, and Ponding is concerned with excavation of ditches with equipment,
side ditches, errosion control, check dams, drop inlets, length and strength of culverts, strutting nestable corrugated metal pipe
(CMP), headwalls and Wingwalls, reasons for pending, pending design assumptions, ponding specifications, volume, runoff curves,
analysis of cumulative runoff curve, culvert types, culvert hydraulic-delign principles, and culvert design procedures.

I

Lesson 5 Subsurface Drainage covers subsurfacrdramage criteria, drainage techniques, pipe laying criteria, vertical volls, filter materials,
7.. preventing failures, and examples and steps in filter desi4ii. .if ( /,.

This course is designed for student self-stuch/ and,cin be used as'a sub-unit in envirolvnental control, construction, or some types of agriculture courser.,
Eachiesson has an obtectwe, a coded text, exercises, and answers keyed to the text for student self-evaluation. A course examination of fifty multiple-choice
queltions is provided, but no answers are available. Supplementary charts and graphs are provided..,
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INTRODUCTION

)&ore roads and airfields 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 v6dth and depth. A vast
network of roads-aziotalrfields *ill be required
to support these dispersed forces and to reas.,
senible the' for concerted offensive action.

. Heavier aircraft and ground- willweapons wi
require, the construction of stronger roads
and airfields than, were needed in previous,
ware.

A Major factor in constructing and main-
taining "combat-ready" roads, airfields, 'and
other installations its the control of surface
and subsurface water. It has been said that

\a good wad_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 doslni. Failures from this
source may be eliminated by adequate crown
and/or by good wearing courses or pave:
meets. :' But even when a watertight surface .

is provided, subsurtste water may enter the
foundation material and produce failure from----,
the bottom. Foundation failuNt may be
prevented by the proper use of materials and
by the interception, collection, and disposal
of the undesired watert

drainage
course covers the design of simple

drainage structures for roads and airfields.
It will teach you to use rainfall data in select-
ing a design storm,- to design and 'construct
ditches and culverts, tp design-subsurface
drainage facilities, to design -and use ponding
areas, and to design check slams and drop
inlets. The subcourse consists of six lessons
and 'an examination as follows:

Lesson 1. 'b.sic rainage Prindiples.

p

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

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

3. Design of Ditches and' Ctrl-.
verts.

4. -Drainage Construction, Check
Dams, Drop Inlets, Culverts,
and Pon-ding.

5. Subsurface Drainage. --

_Examination.

Eighteen credit hours are, allowed for the
subcourse.

You will not be limited as to the number
of hours you may spend on the subcourse,
any lesson, or the examination.

Materials fu/nished:

Annex A-1 through A-6tables and graphs
frequently used are separately bound for
your convenience.

Charts 1, 2, and 3.

Tile format of this subcourse has been
changed to facilitate student self-picing Etnd
"to eliminate tthe necessity of submitting to
the USAES each lesson exercise for grading.
Each lesson, in this subcourse is followed by
a number of questions and exercises designed
for a review of that esson.. After completing

.study of the lesson, the student should answer
these' questions in the, space provided below
each, then turn to the back of the subcourse
booklet where-the correaranswers have been
included. A comparison of the student an-
swers with those, giiien in the back of the
subcourse will indicate the student's knowl-

12
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,En"
edge and understanding' of the material pre-
sented., When you have completed alt lessons
to your satisfaction, complete and forward
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alo

°
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the examination card which you will find
in your sulacourse packet.
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CREDIT HOURS

TEXT ASSIGNMENT

MATERIALS REQUIRED

LESSON OBJECTIVE
%

LESSON 1

BASIC DRAINAGE ,PRINCIPLES

Attached memorandum.

None.

To teach you the importance, of adequate
drainage, theater-of:-operations drainage
consideratioq.s, and how to use rainfall
data.

SUGGESTIONS Rcitl the atta hed 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--
sivers to-the review questions, and write
your answers in the spates provided.
Finally, check your answers'with the an-
swers given for' this lesson at, the back of

. this booklet: Review as necessary.

ATTACHED MEMORANDUM

1-1. IMPORTANet OrpitAlkAGE

Drainage is enimportant considehtion in
/ the planning, design, and construction of

military roads and airfields, both as to con-
,fr struction and -use. The entire serviceability

of the road depends on the*adequacy of the
drainage system. The washout of a single
culvert may close the road to traffic at "a
crucial time. The development of a soft spot
may lead to rutting and displacement and to
eventual closing of the road for repairs.
Properly designed and 'constructed drainage
systems are equally vital to the functioning
of an airfield. It is most important that
adequate dralnage facilities be 'constructed
to remove effectively any durface water from

1

the runways and taxiways. One severe acci-
dent resulting from inade4uate drainage may
offset any, difference between the cost of
reasonably adequate and lef,a-than-adequate

- facilities. Adequate drainage, including the
use of pumping facilities of even a temporary
nature, is of primary importance daring the,
periodeof construction. _Inadequate drainage
result.* in high maintenance of construction
equipment and seriously interferes with the
efficiency of both men and equipment. The
first construction work on -any project should
providedrainage for the work to follow. As
construction progresses, every effort should
be made to complete the drainage system as
planned, in order to avoid any damage which

4'
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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 hirfield surfaces. Engineer officers
and noncommissioned officers.should be fully
aware of the function drainage, including
adequate drainage during construction, and
the proper methods of providing it. The
importance of drainage in road and airfield
design and construction cannot be overem-
phasized.

1-2. 'TYPES AND FU4CTIONS DRAINAGE

All drainage can be classified as surface or
subsurface. Classification depends on wheth-
er the water on or below the surface of
the ground at the point where it is first inter-
cepted or collected for disposal,

a. Surface driina,ge. 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 tilt! surface interferes with
traffic, may cause erosion, and, if allowed to
infiltrate, can cause injury to the subgrade.
Surface drainage also provides for the inter-

. ception, collection, and removal of surface
water flowing toward road. and airfield sur-
faces from adjacent-areas.

b. Subsurface drainage. Subsurface
drainage is similar in some respects to sur-
face drainage. Impervious strata may form
well-defined channels and reservoi for sub-
surface water. Water is present &der the
surface 'because of infiltration of surface
water. Surface water -seeps down through
open or unsealed surfaces; or literally on top
of impe4ious soil or rock layers. Accord-
ingly, properly designedand maintained sur-
faceWrainage systems should reduce the need
for spedal facilities for control and disposal
of, ground water.\Ground water 'may pond
above imperyious 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 tablts;to drain water pockets or
perched water tables; or'for any combination

of these purpojes. The employment of sub-
surface drainage to prevent frost action
damage is discussed later in this lesson.

1.3. STRUCTURES FOR SURFACE DRAINAGE

a. Crown or transverse slopes. Surface
water is removed front road and airfield
pavements or wearing courses by providing,
adequate ;crown or transverse slopes. Para-
graphs 1-7 and 1-8 describe crown specifica-
tions for roads and airfields respectively.

b. Open channels other than ditc es.

(1) Gutters. Gutters, or co bination
curbs. and gutters, are used to llect and
control surface runoff where open ditches
would be 'hazardou or impractical. They are
most commonly employed along streets in
densely settled areas, and along roads
through heavy cuts where the width of the
roadway is limited.

(2) Dikes. Dikes Or intercepting em-
bankments are used along shoulders on high
fills, or along the tops of cutslopes, 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 surface
water to open ditches or to natural drainage
channels.

c. Ditchei. Ditches, alone or in com-
bination with natural watercourses, provide
the simplest as well as the .cheapest and most
efficient methodSthr 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 rainage water should be diyerted
or discharged from collecting channels or side
ditches into, natural or artificial channels and
carried away from the site. This diversibn
keeps side ditches and channels reasonable in
size, and reduces the seepage from the ditches
into thee subgrade.

1 2
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*, Fignire 1-1. gtrectures for surface drainage.

Intirceptiork-ditehes. Much of the
surface water originating on adjacent areas
which slope toward a .6o1 uction site can
be intercepted and carried off in interceptor
ditches before it reaches the site. Intercept-
ing the surface water reduces the volume of
flow into drainage facilities within the oper-
ating areas and prevents drainage structures
from reaching uneconomical sites. Without
interceptor ditches, all of the water from a
hill would Sow -along the inside or cht-side'
titch. The pipe necessary to provide for the
gradual increase of flow,would be excessive
in size and very expensive.

(3) Plating 'of ditches along fills. In
some cases, drainage. ditches must be con-
stricted parallel to the edge of a. fill.1,When

this is necessary, the ditch should be dug
into the natural ground. 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 lie placed between the toe of the fill
and the ditch when the fill is over 4 feet hi
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 drains are seldom justified for
theater- of-operations construction because it
is more economical to use open ditches. When

1 -3
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Figiire 1t2. Conatructibn of ditches, parallel to fills.

space is restricted, or the natural slope rif,the
ground is unsuited for the use Of open chan-
nels, it may be necessary to install storm
drains to provide for the disposal of surfaces
water. A storm-drainage system is very,dif-
ferent from a sanitary layout. A sanftary
system must gathei all sewage into one col-
lecting system and carry it to a treatment or
disposal plant. Storm drains are best installed
in small units, each unit diaining a, small area

and carrying the water to the neare,sttwatA.-
course.

e. Culverts. Culverts are used under
roads, taxiways, and, occasionally, under run-
ways, to carry water that cannot be diverted
economically fo 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

1 -4
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natural drainage course at inlet and outlet
ends. additional information about culverts
and culvert design is,,cont.iined 4-lessons 3
and 4.

1.-4. STRUCTURES FOR SUBSURFACE-DRAINAGE

In most cases, the presente 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 outlet for
slow-moving ground water, or by intercept-
ing such water before it reaches the areas
that it could damage. Open 'channels, sub-
drains, combination drains, and vertical wells
are used to control ground water. .

a. Open channels.% Subsurface drainage
may sometimes be accomplished by providing
side 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 scioukl 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 toil, the location of
the channel with respect to ,the pavement,
and the availability a a suitable outlet for
the water collected.

b. Subdrains. Subdrains (also referred
to as subsurface drains, subgrade .drains,
and underdrains) rre underground' drainage
lines or ducts used only to c011eet and
pose of giounti wateir. Subdrains '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 graduation, and drains improvised out
of timber, -tire- other methods 'employed for
subsurface drainage.. Subdrains made of
pike, as well as blind or French drains, should

1-5
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be provided ',with ,free-ttowing outlets,' and,
insofar as is practicable, should be construc-
ted to® prevent ,backwater in *he drain. A
more conipiete. discussion of subsurface
drainage is given in lesson 5. ,

c. Com bination drains. Underground
drainage. lines 'which combine subsurface an&
surface' drainage are known as combined or
combination drains. Combination drains uSii-
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 covering with a
pervious soil layer. The installation of com-
bination drains should be avoided, when
possible, since they allow hifiltiation of sedi-
ment and washing of soil from the trench
sides into the system. This usually leads to
more 'maintenance and repair work, on the
pavement adjacent to the drain, and will re-
quire the additional, work of cleaning the -
drain pipe.

d . Vertical wells. Vertical wells are
sceetimes constructed to permit trapped
subsurface water tQ pass through *an imper-
vious soil or rock layer to a lower, freely
dralning layer or soil.. If drainage is ob-,
structal, additional wells are driven, or the
pocket is drained with latriral subdrain
system that is easily mitaind. Vertical
wells are often used in northern latitudes,
where deep freezing is common, to permit
fast runoff from melig snow to get through
the frozent soil 'and iflacha,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 construction period will frequently elimi-
nate costly initial delaYs and future failures
due- to saturated subgrades. A careful con-
sideration of the following items will aid in
maintaining satisfactory drainage during the
construction period.'
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a. Diversion and outfall ditches. Drain-

,age necessary at the site to eliminate water
which would interfere with construction
operations includes excavating diversion
ditches to concentrate all surface water, in -
natural channels, and building outfall ditches
to -drain low or swampy -spots. Such work
is an initial operation and may proceed at
the same time as clearing and grubbing.
Careful consideration should also be given
to the drainage of all constfuction roads,
equipthent ,areas, borrow, pi d waste
areas.

b. Use*, of existing ditches and drainage
features. Miximum use of existing ditches
and drainage features shouldbe_made. Where
possible, grading operatidfi should proceed
doWnhill, both for economical grading and
to utilize natural drainage to the greatest
extent. Backfilling,.existink ditches and
drainage channels should be so scheduled age
to permit the longest possible use of these
structures for temporary, drainage

c. The use of temporary crowning. It is
necessary to maintain well-drained snbgradesi
and base courses at every stage of construc-
tion to prevent detrimental saturation. When
Work is temporarily suspended a particular
effort should be made to remove runoff from
the site. Cit and fill-sections must be crowned
and high shoulders must be lowered.

d. Coordination 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 constructing. pernianent
facilities.

1-6. DRAINAGE MAINTENANCE

The. drainage system must be maintained
so that it can function efficiently at all times.
This goal can be obtained through adequate
maintenance inspections of . the structure's,

, _with` careful attention to removal of debris
and prevention of erosion,. Pei. ids of ,dry
weather must be utilized in improving the
(drainage system and correcting and prevent
ing drainage failures. Any deficiencies in the

original-drainage-systems layoutMust be cor-
rected asthey are discovered.,

a. Surface drainage. Defective or in
adequate drainage is responsible for many
pavement failures and much -deterioration.
Ponding at. delayed runoff of surface water'
allows seepage unless-the surface is tightly
sealed. Areas are marked where inspection
after rains reveals ponding surface water.
Correction is made by or raising local
depression's, by providing additional culvert
capacity, and by providin outlets for water
obstructed by high shoulders. Penetration of
storm waters through` pavement is controlled
by sealing joints and cracks.

b. Ditches and drains. tlainage ditches
must be kept clear of weeds, grtish, sediment,
and other accumulation of debris that ob-
itruct 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-
stroys natural, ground cover, is avoided in
cleaning and shaping. Dense sod is developed
to stabilize opezi ditches. Where vegetation
is not effective &cause of soil or moisture
conditiogs, erosion may be corrected by lining
the ditch with riprap or compac,ted bitumi-
nous mix. Clogged _drains and culvert pipes
are opened by cleaning out excess sediment:
Culverts iirhieh have settled, heaved, or which
have beerrpuihed out of line are repaired or
replaced.

c. Winter maintenance. Special atten-
tion must be'give,n to drainage maintenance
during thaws if there are accumulatien,s of
snow., Side ditches are cleared of snow, and
channels are opened through snoVr-Incumu-
lations on the shoulders to permit water to
escape into the ditchesr-Every precaution is
taken to prevent melt water from ponding
on the runAyr.on the Shoulders, or in side
ditches. Culverts and drffins are kept free
of ice and snow.

1-7. SPEC* CONSIDERATION' OR ROAD
DRAINAGE .

The basic objectives and requh'ements for
surface and subsurface drainage are covered

1 6
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in ereviousy fparagraphs., 'A few% additional
\it considerations. are presented here because of

their particular application to road drainage.

DrainakiFrof-road- surfaces: Surface
water is. removed from the roadbed to keep
it fromalenetrating the surfaee and wetting
the sfibgrade. Removal of this water is ac-
complished by the introduction of a crown
or of a transverse slope across the entire
'roadbed width, or by superelevation on curves.
The amount of slope provided by crowning
generally depends upon the type of road sur-
face. All smooth-surfaced roads are crowned
between Y4 and Y2 inch per foot. Gravel- roads
and other rough, untreated surfaces require a
crown of 3/2 to 3/4 inch Ni---foot:- In moun-
tainous terrain, where sidehill cuts and fills
aresecessary, side:sloping is frequently used
instead of crowning. This is done in order
to divert all surface water to the ditch on the
inner, or cut, side of 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-top culverts constructed of logs, timber,
or rocks may be used on steep grades Where
heavy dm is a-I:meted down the road surface.
They are placed at. an angle of about 60° to

.."Niklb.
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Figure 1-3. Timber open-top' culvert.
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Figure 1-4. Log apen-t5, culvert.

the centerline or 30° to the perpendicular of
the road. See-figures 1-3 and 14.

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

_both from the roadbed and adjacent prea.s.;
Side ditches are a potential danger to traffic.
To reduce this danger to a minimum, the
shoulders should be _constructed as wide as
is practicable, with a minimum width of 4
feet, and with a InAform slope toward the
ditch. If pobsible, the required cuss-sectional
area should -be obtained by constructing a
brtuad, shallow trapezoidal ditch. This type
of ditch has a large capacity. Its minimum
depth below the edge of the shouder should
be 11/2 Met. The mininium practical trap-
ezoidal sedan is 11/2 feet deep and 2 feet
wide at the bottom. Side slopes should not be
greater than 11/2 to 1 in cohesive soil, and 3
to 1 in sandy or loa,my soils. When possible,
ditches should be deep enough to lower the
ground-water table under the road to below

1--7
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13
the subgrade elevation, and thus perinit
drainage of the subgrade by seepage into the
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. Ditches with comparatively
fiat side slopes must be protected by -rigid
traffic control against indlicriminate crossing
by vehicles.

Ditch,relief culvert& On sidehill cuts
or

_ter
iiherever roads intercept surface water

either in cut or fill, the water is drained, to
the fill side of the road bry. ditch-relief cul-
verts. This is done to prevent ditches from
reaching uneconomical sizes o; dangerous
depths and to prevent erosion and saturation

'of subgradeshy 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 froze flowing past the culvert. In deep
cuts it may be cheaper -and quicker to install
culverts than to increase 'the width of the
excavation to provide space for wide side
ditches.

d. $ubsuriaee drainage. Subsurface
drainage is very rarely ,used,in military roads
e*cept where it is expedient for special local
conditions such as drainage base courses sub-
ject to excessive saturation, 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 plent
trenches through the shoulder to the bottom
of the' base course at approximately 150-foot
intervals on the low side of the sub ade,.
and backfill with pervious material: Were
the longitudinal slope of the base is greater
than its transverse slope, transverse ditches
(approximately 1 foot in Width and to a
depth of 1 foot below the bottom of the btse
course) are excavated completely across the
base course and through the low s toulder.
The ditches are backfilled with pervious ma-
teriat, They should be placed at the low point

oe

of grades and at the 'meeting points of fill
and cut. s. '

1-8. SPECIAL CONSIDERATIONS FOR AIRFIELD
DRAINOE.

Basic information applicable to drainage
and drainage systems is contained in previ-
ous paragraphs. A few additional considera-
tions are prespted here because of their par-

,ticulai application to airfields.

a. Drainage of runway and taxiway
surfaces. Provision must be made for posi-
tive dispos%1 of surface water from runway
and taxiway surfaces by shaping the cross
section to shed, water to the side's. The maxi-
mum permissible transverse slope for run-
ways is normally 3 percent. For drainage
purposes, a minimum longitudinal grade of
0.4 percent should be maintained. Maximum
and minimum grades forsanways and taxi-
ways are given in TM 5-330 and in pertinent
Air Force publications. Sh4llow -difchee
with side slopes of from 4:1 to 10:1 may be
constructed, starting at the outer edge of 4
the runway or taxiway shoulder. Deep
ditches p'roduce an operating hazard and, if
used, must be located from about 100 to 175
feet from paved surfaces.

b. Effects of ,drainage on general de-
sign. Proper grading is the most important
single factor contributing to the success of
-the drainage system, and the grading and
drainage plans must be carefull coordinated.
Although runways, taxiways, rdstands,
and aprons must be laid out to confohn to
certain ,basic principles and specifications,
care should- be taken in determining the ex-
act location of these structures so as to facil-
itate drainage as much-as possible. Airfield
layout should be planned to take full advan-
tage of topography in draining the site, to

,utilize the 'existing natural drainage system,
and to avoid small.hard-to-drain areas. The
exact location of the runway may be governed
by soil conditions, since subsurface water and

'drainage characteristics orthe soil, may vary
widely between alternative runway locations.
The two drainage factors affecting- the posi-
tion of grade and centerlines are the she

1 8 '
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and size of structures required in natural
drainage channels crossing the runway or
taxiway, and the height of the ground-water
table. Raising the raving grade may be nec-
essary fq (1) obtain sufficient crown, or,
transverse slope; (21 to provide a minimum
of 1 foot between the ground-water table or
capillary water and the bottom of. the base
course in soils where subgrade dratinage is
impractical; 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!
impervious.

C. Erosion control. Erosion 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 pm:-
Bible 'hazards to operations because of duatt_
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 it
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 roust
be designed to remove, all surface water
fectively from operating areas, to intercept
and dispose of surface water from adjoining
areas, and;to intercept and remove detrimen-
tal ground water. The drainage system
should, be designed to meet o rational rec,
Tuirements with the selected esign storm

be dependent upon location, acility servede
local conditions, and the like.

b. Type of installation. Consideration
must be given to the proposed u-se of the
road or airfield. If the road or airfield' is to
be used for only a short period of time, such

as one or two weeks, hasty design proce-
dures would probably be used. However, if
improvement or expansion is anticipated
after the original operational requirements
are met, drainage should be designed so that 1
any *future construction does not overload
ditches, culverts, and, other drainage facili-
ties. When all-weather operation is required,
the drainage problems are more difficult
if thelad or airfield is to be used 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 noWer
shovels, is commonly used on drainage 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

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.

a. ' Topographic data. the best available
topographic map should be utilized for lay-
ing out drainage facilities because the topog-
raphy greatly influences ale 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 all natural
watercourses. If possible, contributing areas
should be defined or their areas indicated on
the Jargest-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 ,podsible rain-
fall data, such as frequency, intensity, and
duration of storms, should be considered to
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aid in the determination, of,this rate. Rates
of precipitation vary conside ly between

fig 2-5, lesson 2, world isohy tal map) ; rain-
fall data for the locality being considered is of
primary importance 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 located area are
short, intense storms such as thunderstorms.
It is common practice to design storm drains
to provide for disposal of runoff from rain-
fall having certain average recurrence inter-
Val's or'frequency of occurrence.
intensity, corresponding to a parti ar fre-
q uency of occurrence varies appreciably with
the duration of the rainfall, the average fate
for a period of 5 'minutes usually being sev-
eral times higher than the average for a
period of -1 hour. A study of rainfall inten-
sity-frequency data for large number of
weather stations'indi tes that there are
fairly consistent 'onships between the
average in' tensity of rainfall for a period of

,1 hour and the average rates of comparable
frequency for shorter intervals, regardless;
of the geographical 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 accuracy satisfactory for road.
and aiiiipld drainage problemi (fig 1-5) .

C. -Infdtratiloi. The term infiltration re-
fers to the..absorption of, rainfall' by -tp,h
ground during a rain storm. The infiltration
capacity: or 4bility of a soil to absorb pre:
cipitation, normally decreases as the duratioil
of rainfall increases, until a fairly definite
absorption rate, is reached. Variations in,the
state of compaction, soil-moisture deficienbies
at the beginning of rainfall, and the elevation
of the ground-water table, may greatly in-
fluence the infaltratiOn capacity of a partid-,
uiar soil.

d. Temperature and frost data. Tem-
perate and frost data, with particular at-
tention to maximum depth of frcIlt penetra-
tion, should be ascertained.

e. Soil and ground - water. data. Soil and
ground-water data should be obtained from,
a soil survey.

f. Other data. The necessary charts,
graphs, and' tables for the design of the vari-
ous types and° sizes of culvert construction
materials should be procured.

1-n. -DRAINAGE RECONNAISSANCE

A ground reconnaissance should provide
much additional information beyond that
mentioned in the preceding paragraph. SUch
a reconnaissance is 'desirable because many
conditions that affect , drainage can be ob-
served only by visiting the site. IrC many
places, gullies and other drainage ''paths in-
dicate the effects of prerious rainfall. Pud.
dies, soggy earth, and aquatic-plant growth
all indicate 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 througA evaporation
and may indicate an,iMpervious subsoil and
inadequate subsuiface drainage. 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 determine the drainage
outfall elevation and possible overflow.
Springs, 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 sho'uld
be noted, since he presence or 'absence of
vegetation greatly influences runoff ciatrac-
teristics of the area.

1-12. GENERAL PROCEDURE IN PRAINAGE
DESIGN ......--

Pieliminary 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 topographic
map is made to identify the areas that mar
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contribute surface or subsurface no* to the
construction site. .The directions of all natu-
ral.and subsurface flow, to and from the fete,
are determined. If ground reconnaissance
has not been made previously,- one should be
made to confirm this map study.

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

C. In the case of rods, 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 diticharge 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 -economical system, with a proper
balance between grading, surface drainage,
and subsurface drainage, can be selected.

1-13. DESIGN STORM

The design storm is that sto1; which may
be expected to be equaled or exceeded on an
average of one time during the design period.

a. The term "dekign-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 durationi that have the same 11.,,verage
frequency of occurrence. Such intensity-du-
ration 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 dormat
least not with the frequency indicated.

,

3

(
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b. Drainage fof military construction
should be based on a 2-year design storm
frequency, unless exceptional circumstance
require greater protection.

c. 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
generalized 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. The design-storm 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
particialar project must be based primarily
upon judgment, with consideration of the pur-
pose and importance of the given road or
airfleld and such economic and engineering
limitations as may exiSt. The duration of
rainfall required to produce the maximum
rate of runoff will depend primarily upon 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, whereas, in other cases, flood-
ing of important areas may result. It is geri-,
erally advisable to investigate the probable'
consequences of storms more severe 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

1-12
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construction site which eliminates or mini-
mizes the -need for surface and subsurface
drainage. If it is impossible or impracticable
to locate such a site, then one Of the most
important features of the design of a road-
way or an airfield is the jroper incorporation
of a 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 attributed to faulty, sub-
surface drainage.. Although the pavement
protects theilbase 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
1

The pioblems relating to subsurface drain-
age may best be handled when construction
operations °ea 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.

r

1-16. SOIL CHARACTERISTICS

The degree td' which drainage becomes a
problem depends to a large extent upon the

7' characteristics of the soil where the con-
struction is undertaken. Soils may be divided
into three general groups as to their drain-
age characteristics:

,a. Well-draining. Well-draining soils
such as clean sands or gravels, may be drain-
ed by the d,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- ater table around the
site of a constructs project is controlled
in these soils, it will be ontrolled udder the
site, also.

1

/8"
b. Poor-draining. Poorly drained 'soils

include organic and inorganid fine sands and
silts and coarse-grained soils containing an
excess of nonplastic 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 soil with a pervious well-draining-
type. This is- the best solution if the poor-
draining soil is surrounded b9. a well -draining
soil since this condition, if uncorrected, is
very conducive to ,differential frost heave.

c. Impervious soils. Impervious. soils
are fine-grained, homogenous, plastic toils
and coarse-gained soils containing plastic
fines. 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 impirvious
soil with ,a good pervious soil.

1:117. DESTRUCTIVE EFFECTS OF FRCI1 AC N
In certain climates where the air teapera-

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 ot-.
curs.

1-18. UNIFORM .HEAVE

Uniform frost heaving occurs if both the
soil characteristics and the paving characte -

istics are the same over the area in questi n.
It is necessary that conditions be , similar
throughout the area int order that the frelez-
ing prkcess proceed un-Vformly. Although the
ground- level may disPlace upward, the dis-
placement is the same over the entire area ;1-dee.'
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hence no destructive cracks are caused by
unequal displacement of adjoining sections.

1-19. DIFFERENTIAL HEAVE .

Differential frost heaving, on the pthei
hand, occurs when Edson conditions are not
uniform throughout the area, with the result
that one section freezes and expands before,
of to 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. wing process. Figures 1-6 and
1-7 show the differential frost heave
on rigid:aid flexible pa ements.

1-20. KINDS OF THAWING

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

Figure-14i. Effect of frost heave on lgid
pavement.

4
Ar-

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

. a. Thawing from the top down. This
occurs when the air teMperature suddenly
rises from below the freezing point to well
above it and remains there .(or some time:
This type of thawing causes aNifficult prob-
lem because the frozen layer below the thaw-
ing zone is impervious and represents a bar-
rier through which the water corai5from
the top cannot pass: Since, the soil beneath
the pavement is iii a supersaturated.state it
provides little support for the road surface
and the repeated action of heavy wheel loads
causes deflection of the pavement that
places the soil particles and water directly
beneath the pavement. This is what is kilo
as "pumping' and is pictured in figure 1
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 prev,enting
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.

1 14

1,..

Figure 1-7. 'Effect*Of frost heave on flexible
pavement.
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Figure 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 ai=r temperature rises
to just below the freezing point and remains
there 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
yery,desirable condition- since the water that
is released has a ready and convenient route
downward to the water table. If thawing
proceeds in this manner,, there is little ten-
dency for a reduction of subgrade stability
to occur.

c. Thawing from both top and bOttom.
When the air temperature remains barely
aboye the freezing point for"just tong enough,
a.relatively trouble-free thawing process
occurs both from the top dovin 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

t.

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. Inc certain 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 bottom upward proceeds much
more rapidly than from the top downward.
While in most soils this would not be undesir-
able, it can become so in plastic soils such as
clays. The excess water developed by the,
melting of the ice layers cannot be dissipated
by this soil rapidly enough, and a semiliquiditt
unstable mud layer develops. As long as this
mud is trapped beneath a substantial frozen
layer, 'no 4ifficulty 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 withstanding
any appreciable load.

1-21. SOURCES OF FROST - ACTION WATER

There are three principal sources-of water
(illustrated in fig 1-9) 'drat will prOyide an
adequate supply for the frostzaction prAcess:

a. A high water table, which is 5 feet
or less below the finished grade line.

,b. A capillary' supply from an adjoining
water table. This is particularly a problem in
silty soils which have a high capillary 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.

c. A saturated condition of line- grained
soils at or below the freezing stratum. Frost
action is uetially most severe in soils with a
high moisture content.

1-15
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REVIEW EXERCISES

Note: The following exercises are study 4. What .ia the principal aifferenae in the
aids, The figures following each question re- layout of a storm-drainage system and a san-
fer to a paragraph containing information itary system layout? (1-3d)
related to the ,question. Write your answer
in the space helow the que, ,t0n: When 'you
have finished answering all tre questions for
this lesson, compare your answers with those
given for, this lesson in beak of this booklet.
Do not send hi your solutions to these review
exercises.

1. When commending work on a' construc-
tion project, whAt should be accomplished by
the first work that is done? (1-1)

4

4 .1

2. What factOr determines 'whether drain-
age is to be classified as surface drainage or
subsurfacecitainage? (1-2)

3. Wheels the simplest, cheapest, and most
efficient method for handling surface water?
(1-3c)

ns

Ao.

5. What are the four types 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? (1-5c)

7. How much crown is required ,in a gravel
road to insure runoff of surface water before
it can penetrate and wet the subgrade?-
(1-7a)

1 -17
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8. What is the most important fattor which
will contribute to the 'success of an .airfield
drainage system? (1-8b)

t7

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

10. What basic information, is considered to
be of primary importance hi designing a
drainage systein that will insure prompt re-
moval a surface :water and, positive control
of ground water? (1=10b)

'0

- 11. What are three variable conditions of
a particular soil which would influence that
soil's capacity to absorb precipitation?
(1-10c)

I
s

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).

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

14. Whitt 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)

1 -18
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16. What are the priacipal factors,that de-
termine the duration of rainfall required to
produce the maximum rate of runoff? (1-13d)

17. Duithag the process of constructing a '
road or airfield, what is the best time to take

"care of subsurface drainage problems? (1-15)

18. What is the characteristic of soils which
are made up of organic and inorganic fine
sands, silts, and coarse-grained soils contain-
ing an excess of nonplastic fines, which is of
concern in drainage? (1-16b)

2
19. What is the most likely effect that thitw-
ing of subgrade from the top down may
have upon a paved surface above that sub.!
grade? (1-20a)

20. When the air temperatuie just above a
frozen subgrade raises to Just below the
freezing point and - remains there for some
time, what happens to subgrade stability.?
(1-20b)

1 19
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LESSON

SURFACE RUNOFF (Hasty' and Rational Methods)

CREDIT HOURS 4

TEXT ASSIGNMENT Attached memorandum.

MATERIALS REQUIRED __Annex A.

LESSON OBJECTIVE To teach yOr., how to calculate surface runoff.

SUGGESTIONS 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
this booklet. Reviewas necessary. - .t

ATTACHED MEMORANDUM

Sectipn I. INTRODUCTION

in the field shoadd receive benefit of the most
experienced and the best engineering.judg-
ment available.

GENERAL

There are several methods that may be
used to deterthe amount of runoff from
a given area, and the size of drainage struc-
ture(s) required. Method? range from hasty
to &aerate. 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 highly complicated, and is
sometimes controversial. Drainage problems

2-2. FACTORS 1NRUENCING RUNOFF

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

a.. There are many factors which a.ffect
the rate and quantity of surface runoff. The
size, shape, and slope of the drainage area

-_are the most important.

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

2
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From this analysis the actual area contribut-
ing runoff to the drainage. outlet apparent
and the outline of the drainage arrea can be
drawn.

c. The process of marking this drain-
age area boundary or divide on a map is
known as 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, which shows the final proposed
layout d contours.

4. The size of Ain area affects runoff in
two ways. First, a. large area will have a
longer period of time over which runoff will
occur, and the peak runoff rate will be less
per acre than for a smaller area, assuming
that the total;runoftifoer 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. The shape 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 as 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 subdivideq
by lines which separate overland flow repre-
sentative of one portion of the area from the
overland flow representative of other portions
of the area. Areas thus delineated are known
as subareas.

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

total outflow is considered as runoff from suc-
cessive areas.

j. Distances are scaled from a ihaP,
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
point is located betweektwo contours, esti-
mate its elevation by interpolation. Deter-
mine the difference in elevation between the
two pointi, scale the distance of flow (D0F),
and calculate the average slope. In determin-
ing the slope of a ditch where culvert invert
elevations are given, assume that a uniform
ditch slope exists between the culverts. The
.invert elevation is the elevation of the lowest
point of the inside 'perimeter at the end.tof the
culvert.

k. A path of flow is the route that stir-
face runoff will follow to the area outlet. Run-
off will flow from higher elevation to lower
elevation in a direction perpendicular tathe
contours. Generally there are so 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 subareas should be selected in
proportion to the size of the subarea with ,

respect to the total area.

1. 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, parlftg area, or roof. As 'a general
rule water begins to channelize or collect into
'ditch -like flow when it flows across surfaces
not protected by paving or structures de-
signed specifically for erosion prevention Such
as plowed contours and terraces. Except in
the cases wheie 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



and much soDner in rough, steep terrain. If
reconnaissance can not be made, 200 feet may
be used as an average length of °sheet flow.

m. The length, designated by the sym-
bol "L", of sheet flow is the horizOntal dis-
tance measured along the representative path
of sheet flow fr.= the area divide to the be-
ginning of channelized flow or ditch flow.
Channelized flow and ditch flow lengths are
horizontal distances measured along their re-
spective paths_of flow.

/ n. Retardance, designated by the sym-
bol "n", is the term used tb designate
resistance to sheet, channelized, and dit
Ravi caused by various surface conditilms
such as vegetation, surface, and alignment
in the path of flow. The factors that deters
mine the "-n" for the different types of flow.

,
*ter

z7
are dissimilar, but available data indicates
that the retardance values in tabl:a 2-1 are
approximately representative of most sur-
faces encountered.

TABLE 2-1. Retardonce Coefficients
.

Type of Surface nt,
, Smooth Pavement , 0.02

Ditches .0.02

Compacted Gravel Surfaces 0.06

care Surfaced 0.

Channelized Flow from
Average Grass Cover 0.2

Sparse Grass Cover 0.2

Average Grass Cover 0.4

Dense Grass Cover 0.8

t ...

Section II. THE HASTY METHOD
4

2-3. HASTY METHOD OF DETERMINING
RUNOFF .i.

Compute the cross-sectional area of the
0. ditch or gully in which the culvert or drain-

age structure is to be, built, using the high-
water mark to deterniine the height and the
position of the upper width. To find the cross-
sectional areacrequired for the drainagestruc-
ture, double the cross-sectional area of the
channel (fig 2-1).

Channel area
(b1 + 1%)

h
2

Structure area = 2 times channel area or

(131 + 1%) h; *ere

b1 = bottom width in feet
I

b2 = upper width in feet

h = vertical distance between upper and
lower width in feet

3

2-4. EXAMPLE

What is the required structure area for a
stream that has the following characteristics:
width of stream bottom, 4 feet; depth at high-
water mark, 3, feet; width at high-water
mark, 6 feet.

Channel area = (4 + 6) x 3 = 15 sq ft
2

Structure area = 2 x 15 = 30 sq ft ,

a. From the above problem it can be
seen that a culvert installed at this point in
the stream must have a minimum, cross-sec-
tional area of 30 sq ft.

b. This method does not directly take ..

into account the size, shape, and slope of the
area, surface vegetation, condition of the soil,
or rainfall intensity, but, instead, gpes to the
-outlet conditions for the 'estimating factor.
This hasty calculation is used only when time
does not permit a more exact method.
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Figure 2-1. Ditch section.

Section III. THE RAT101)IAL METHOD

2.5. PURPOSE

The rational method is used to !determine
the runoff that can be expected froma given
area. To use it effectively requires a atildy of
many variables such as the terrain, slopes'S
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.

2.6. RATIONAL METHOD

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

Q = CIA
where:

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

C = Coefficient representing the ratio of
runoff to rainfall:-

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

A. = Drainage area in acres.

-Ar b. A-itmiptions for use. Before discus-
sion of thelliquation and its variable parts,

the .following Basic assumptions must be
stated:

(1) Entire drihlage area is contribut-
ing to the runoff.

. (2). Rainfall intensity is maximum
and 'equal over the drainage area. ,

(8) The area has a regUlar shape.

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

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

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

(b) Complex area One that is
composed of two or more different soil types,
cover, or man-made areas, no one of which
corttitutes 80% or more of the area:

2-7. RUNOFF COEFFICIENT C

It-is known that when it rains some of the
rainfall is "lost" due to infiltration, evapore-
tion;and interception. As a result of these
losses all of the rain fatting on a given area
does not run off. The "C" value used in the
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rational method expresses as a ratio the per-
centage of rainfall that is expected to run off
Expressed mathematically the value 'of "C1

is the ratio of runoff to rainfall or
Runoff

a. Basic "C"-, value.

(1) The basic value of "C" is taken
from table 2-2. Fr 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 expected. Consider the rain-
fall runoff from . a beach sand. It is very
small, if any, die to the-beach sand being a
pervious material. From table 2-2, it is found
that the "C" value for a pervious soil is 0.01
to 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 loss is pri-
marily due to infiltration.

(2) In table 2-2 there are only
general tyres of soil listed, "pervious",
"slightly .pervious", and "impervious", each
given a "C" value range with and without
cover. In order to correlate these basic soil
types with soils defined and classified wider
the Unified Soil Classification System (USCS)
table 2-3, w/lIth is an extract of a USCS,soil
characteristics table, has been included here.
The three general soil types as shown in table
2.2 correspond, in drainage characteristics,
to soils in table 2-3 as follows:

Pervious Excellent

Slightly pervious Fair to poor
Impervious Poor to practically

impervious

A GW soil 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.

Rainfall

(3) 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 foi' a soil type with
and without turf. The "with turf" C values

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.

(1) In the use of table 2-2 if 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-
justed for slopes greater than 2%. Expressed
mathematically the correction is
(Steerage 2) 0.01 + Canamcd = Ce,ted
Where: .

= Average slope of the area
Consumed = Table value at "C"

Ccomoteed "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 reducer:
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 runofg
to rainfall. This in effect will cause an increase
in the value of "C".

(2) The surface slopes within the area
will, as previously described, have an effect
upon the value of C. Since the losses that
occur take place over then entire 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 should 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 Coefficients

TYPES OF SURFACE FACTOR (C)

-Asphalt pavements 0.80 to 0.95

Concrete pavements 0.70 4140,90

Gravel or macadam pavementN, 0.35 to Q.70

Impervious soils* 0.40 to 0.65

Impervious soils with turf* 0.30 to 0.55

Slightly pervious soils* 0.15 to 0.40

Slightly pervious soils with turf* 0.10 to 0.30

Pervious soils* 0.01 to 0.10

Wooded areas

(depending on surface slope and soil cover)
0,01 to 0.20

*For slopes from 1 to 2 percent.

NOTE: The figures given are for comparatively level ground. For
slopes greater than. 2%, the factor should ipe increased by
'0.01 fbr every 1 percent of slope, up to a maximum C of 1.0.

Use of "C" Value Table

Determine drainage ahlracteristics of soiltype(s).

2. Correlate terminology with terms used ih "C" value table
(Terms correlated i paimgraph 2-7a(2)).

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

I. This is the "C".assumed value. For slopes greater than 2%4
those values marked with an asterisk (*) must be corrected .

using the followinirformula: --

(S
average -2) 0.01 J. C assumed = Ccorrected

2 6
0
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TABLE 2=3. USCS Soil Characteristics (Extract)

MAJOR DIVISIONS
(1) (2)

LETTER

(3)

i

DRAINAGE CHARACTERISTICS
(11)

.
.

)

,

Coarse

Grained

Soils

.

.

...

.

Fine

Grained

Soils

,

1

Gravel
and

Gravelly-
Soils.

GK., Excellent
,

GP ExCellent

A
I.

, 1
d

'GMT
\ 1

\ 1u.

4 Fair to Poor

Poor to Practically Impervious

GC Poor to Practically Impervious

Sand
and

Sandy
Soils

SW Excellent .

SP

.

Excellent

1

4d
SM 4

o

iu

Fair to Poor ' '''
Poor to Practically Impervious

SC Poor to Pratically Impervious

Silts
and,

-Clays.'

LL4:50' ,

ML Fair to Poor

CL
loco

Practically Impervious'

OL Poor

..

Silts
and

Clays
LL>5O

MH

.
,.

.

Fair to Poor
vr--""

Practically ImperviousCH

OH 4 Practically Impervious
1

Highly Organic Soils
.

Pt

L

,

Fair to Poor
%.
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c. Weighted "C" value.

(1) One of. the assumptions made in
the rational method is that there is homo-
geneous soil type and cover throughout the
area. In many cases, the area will comprise
combinations of soil 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
will be necessary in such cases to use some
technique to determine a C value to resent
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 tor 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.

(2) It should be noted that before the
"C" value is weighted the "C" value asst*ned
for each subarea must be corrected for slope.
The correction for slope will be made if the
average slope of the subarea is greater than
2%.

(3) The weighting of the "C" value
is accomplished by multiplying the corrected
"C" value by the subarea that is affected by
that, "Q" value, summing the products and
dividing by the total area Expressed math-
ematically the formula is:

r, Cati+ +4.C3A3
--wczet.t

A2 +

.Furthermore if the area is considered com-
plex, each subarea and its respective "C"
value must be included in the weighting pro-
cess. This I's done no matter what percentage'
of the total area the subarea represents.

24. INTENSITY

a. Prior to the study of this paragraph
it wdl be necessary to review the assumptions
made in paragraph 2.8(b> of this lesson.

Also, paragraph 1-10, lesson 1, should' be
reviewed for the intensity duration relation-
ships of rainstorms.

(1) Using- the above 'referenced as-
sumptions and intensity duration relation-
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 rains over the entire
area being drained for a period of time just
long enough for the runoff from all segments
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 Nyopld
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
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 area betweearthe 20 and 30-

Zminute line will reach the 'skeet 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 concentration (TOC).
for this area is 30 minutes.

(3) Again referring to Figure 2.2, if
a storm of 20-minutes duration sweeps over
the area then two possibilities exist:

(a) The entire area was 'not wetted
and therefore only a pottiorr of the area will,
drain.

'(b) The entire area was wet, but,
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,
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Figure 2-2. Illustrative-"regular" drainage Brea.

therefore, is not contributing runoff to the
outlet at one time.

(4) For a storm duration of 30 min-
`utes, then, the entire area is contribUting run-
off' to the outlet at one time; for the runol
from the closer areas has been replaced by
more rain. The area has now reached critical
flow, or-peak Q.

(5) AD storm whose duration is longer
than the area TOC will have a lesser intensity.
Reference to the intensity duration curves in
lesson 1 will show that as the duration of the
storms increase, the intensity decreases.
From examination of the equation Q = CIA,
it is obviotuithat as 'T' decreases the Q will
decrease..The critical storm then, is the storm
whose duration is equal to the TOC. '

b. Time of concentration (TOO).

-(1) Representatife flow.

(a) Based upon the discussion in
b above, the area TOC must be determined.
This is done by determining 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 mild approximate runoff traveling
from the majority of the urea until it reaches

- the outlet point. It is representative of the
time at which the majority of the area will
be contributing. runoff to the outlet point.
Establishing representative flow pathstis

41

33
based largely on extierience, judgment, and

(b). The assumption previously
made *as that the areas were f'regillar" in
ishipe. The area depicted in figure 2-2 with
no projections or protruSions is such a 'Ag.-
ular" area. In nature, however, mist. ti s
are irregular in shape, aitustrated in Uure
2-3. In such irregular shaped areas lel es-
pecially critical that the flow paths chosen
are indeed representative-of the time required
for the majority of the area to drain. This is
demonstratbd by the following example.

(c) With reference to figure 213,
all the area below the 10-minute line will
drain in 10 minutes; the area- below the 20-
minute line will drain in not more than 20
minutes and so on up to the 40-min ae line.
Flow lines a, b, and c- have been deteined
Assuming that 90% of the total area lies
below the 30- line, it then will have
drained in 30 or less. Runoff from the
remaining 10.7; reach the outlet in not
less than 30,nor metre than 40 minutes. Flow
paths a and e should beAedsen as the repre-
sentative flow paths and to determine
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.

--- 40. minutes

Figure 2-3. Illustrative "irregular" drainage
area.
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(d) To illustrate'the importance of

selecting representative flow lines, take the
following example. Let "C" arbitrarily equal
1.6.; and assume that the 1 hotr, '2 year in-
tensity 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 this 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:

Q = CIA = (1.0) (3.2) (90) = 288 cfs,
which is a larger discharge rate than esti-
mated using the entire area.

(e) 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 shorter storm of higher intensity
may causeailarger flow from the area. After
all the flow paths have been chosen and timed,
the times should correspond to each other
within a few minutes. If the times are not-
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 produce 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 dothis the type of
flow must be either determined by observa-
tion or assumption. The flow types existing,
along a flow path are differentiated based oh
'velocity and are of two types asfollows:

Y. Overland or sheet flow, which
as a low velocity. In nature, normally, this

type of flow does not exist for distances more
than 4O0 feet. When observed, this type of
flow has a satooth, uniform, almost glossy

appeararice., Direct observation is the pre-
ferred method of establishing this type of
flow. When direct obsegation cannot be
made, then soma tance must be assumed.
Sinc-J this is a mat of judgment nearly any
distance can be ,sed pr.viding it does nails
exceed 400 feet. On- ethod of reducing

h 200possible error is to arbitrarily
feet as the length of sheet flow when t
observation cannot be made. If 200 feet
used and the act al sheet type of flow
between 50 and 460 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 m slopes can be approxi-
mately 8 minutes. 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.
Ditch type of flow can exist over the entire
flow path except for the distance that is
determined to be sheet flow. When observed,
ditch type of flow appears rugh and chan-
nelized.

(b) Several faletors are going to
affect ho. 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 reducing the velocity. In either
case, changing the velocity -of flow will have
a direct bearing on the time of flow.

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

1. -After choosing the flow paths'
that are thought to be representative of the
area, each of these are then broken down'
into their glee and ditch type of flow. The
slope and' co r a e determined for the sheet
flow and th .slope and type for the ditch or

2 -10
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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 then. pass into a
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 path has 200
feet of overland flow over poor turf with a
slope of 5%. It then has 700 feet of ditch
type of flow over the same surface with a
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 2-4 with the
index of pool' or sparie 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 : sing 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' min-
utes. Compiling the results gives:

Overland Flow Time . = 8 min
Ditch Type Flow = 10 nun
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 be used in the equation Q --=`° CIA. What
is now required 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 df the facility.

(1) To obtain the intensity in ins/h;
of the required one-hour, 2-year ftequency

, storm refer to the world isohyetal map, figure
2-5. If the location falls directly on an iso-

hyetal line, then the value of that line is the
re4uired 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 1.0 in/hr
Florida 2.5 ins/hr

Washington, D.C. 1.5 ins/hr

Cubs 2.5 ins/hr

New Orleans, La. 2.5 ins/hr

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

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

(b) The project is located in Florida,
intensity 2.5 in/hr, and the TOC is 50 min-
utes. Referring to figure 1-5 again, it will be
required to interpolate between curves. Fol-,
low the curve and at 50-mithites storm dura-
tion move horizontally and read an intensity
of 2.8 ins/ht for the TOC.

2 -9. AREA

a. The last variable that -must 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
studied closely, and a' ground reconnaissance

2 -11 ,
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31/
made to confirm m-tir-e study. The
ing four-step procedure is then used:-

(1) Locankodating or proposed struc-
tures.

(2) Locate high points.'

(3) Draw flow arrows away from high
points. mow arrows must'be perpendicular

' to contour lines.) -

(4) Draw in delineation lines. (Flow
arrow's 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 highpointa. If all the highpoints are
connected' by a line, the line formed is the
delineation line. Figareir2-6 through- 2-12
illustrate flow arrows and deltneation lines on
several terrain types.

b. 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
calculable geometric shapes, or by use of the
stripper method as Mustrated in figtire 243.

c. 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-to. RATIONAL METHOD SUMMARY

- a. 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 outline of the
method, with each step listed and numbered
in order. 1k this summary is followed the
procedure will be correct and the results ob-
tained will vary only according to the judg-
ments made.

Awe

b. Suinmsuy outline steps.

(1) Known:

(a) Location.

(b) Soil.

(o) Cover.

(d) Design Life 2 -years ( unless
otherwisespecifled)

Determine area in acres "A".

(2) Area type.

(a) Simple type cover or soil >
80% of total area

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

(3) Establish representative flow
paths.

(a) Overland (sheet) flow 200' (un-
less observed or stated otherwise).

(b) Ditch-type flow. -

Determine RalOfall Intensity in Inches/
) Hour

(TOC depends on cover, len of path,
(4) Determine e TOCC llitxh flow path

slope).

Select Maximum TOC
4,

Duration = Maximum TOC

(5) Obtain_ 24rr. 1-hr. intensity (iso-
hyetaa map)

(6) Obtain -"I" for Duration estab-
lished- (Step 4)

Determine Runoff Coefficient "C"

(7) Select "C". assumed use higher
value from table ("C" depends on cover, soil,
slope).

(8) Slope corrections.

(a) Simple AREA. determille
Avg slope

2 14
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Sky, > 2% C,,,, = (San 2)0.01

> 2% No correction
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Figure 24. Delineation of superelevatect road.
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Figure 2-9. Delineation of ridges.
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STRIPPER UPON COMPLETION

0 5.4 14.2 21.8 29.5 36.4 421.7 56.0 54.1 6b

72.1 69e9 61.8 60

NOTE: The stipper Method is_a variation of the trapezoidal method.
If vertical lines are7draum at equal distances "W apart,
then by the trapezoiddl formual, the end area "A" will be

given by the following:

A = + i(b1 + b2)W + i(b2 + b3)W i(b3 + b4)W + i(b4 + b5)W
+ i(b5 + b6)W + (b6 + b7 )W + i(b7 + 138)W + i(b8 + b9)1.1
+ i(b9 + b 3.0)W + i(b10 + bil)W buy =

iW(2b1 + 2b2 + 2b3 + 2b4 + 2b1 = W(E, b)

Figure 2-13. Stripper method of area determination.
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(b) Complex AREA Determine
Avg ,lope for EACH SUBAREA: Correct
"C" for each SUBAREA that has San > 2%.
C.n. = 2) 0.01 Caudated

(9) Weighted "C".

C
(a) Simple AREA Do not weight

(b) Complex AREA ,

CiAs + CsA2 + CsA4 +
Al + As + As +

Note.: "C" must be correeted, if needed, be-
fore it can be weighted.

(10) Q

2-11. EXAMPLE PROELEMS

a. Simple area prObleeri. It is required
to determine the =off 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
detail.

(1) Known:

(a) Location: Livorno, Italy.

(b) Soil type: GMd.

(c) Cover:

Average Turf = 47.9 acres

Compacted gravel =2' Q.9 acres
Total 48.8 acres

(d) Design Life 2 yat.

(4) Determine TOC and duration.

Path Cover
1A , Average turf
1B ir Ditch type

Total

2A Average turf
2B Ditch ty:

Total

(2) Area type.

47.9 acres
98% > 80%; therefore

48.8 acres -

the area is a simple area.

(3) Establish representative flow lines.
(See figure 2-14.)- Looking at the area, it can
be seen that water will flow 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,
trayeking along path #1, reaches the outlet

e 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
each type of flow is determined. .

Path #1

Slope 1A

Slope 1B

Path #2

95' r82' 6.5%
200'

82' 52.5'
1.8%

1600'

Slope 2A 92

200'

' -- 77' a 7.5%

Slope

Slope
77'

2B
= 52.5'

1.7%

Length

90'13

Time
6.5% 4 200' 8 5 min
1.8% , 1600' 14 5 min

23.0 min

7.5% 200' 8.0 min
1.7% 1390' 14.0 min

, 22 0 min
(Times established by using overland flow chart, figure 2-4.)

2 -20
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'3ince the times are relatively close 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'
to:be used in the equation is 23 min.

(5) Determine 1-hr $.yr storm in-
tensity. The location is Livorno, Italy. Check-
ing the isohyetal map, figure 2-5, we find that- -
Lein/hr is the intensity of a 1-hr, 2-yr storm
in Italy.-

(6) Obtain "I" for duration estab-
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
maximum 1-hr, 2-yr intensity is"1.5 in/hr can
expect a storm of 23-minutes duration to
have an intensity of approximately 2.9 in/hr
(this 2.9 in/hr is the value of "r' in the
equation Q = CIA).

(7) Select "C" assumed. Since it was
determined in Step (2) that the area was a
simple area, only one "C" value need be de-.
termined, i.e., the "C" value of akOlid soil
with turf., Table 2-2 gives, a "C''' assmaed
value of 0.30 for "slightly pervious soils with

(8) Slope corrections. Step 1 deter-
mined that the area was a simple area; there-
fore only one average slope,-needs to be de-
termined, i.e., the average slope of ti.15 entire
area. By looking at )he area, it can be de-
termined that the area can be divided into 2
park, with the swale section acting as a
dividing line. The area to the west of the
wale is approximately % of the total area,
while % 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

side has two distinct slopes:, fairly steep

in the north, and relatively flat and gentle in
the south. Consequently, two separate slope
lines are drawn, one in. the northern sector
and another in the southern sector. On the
west side, only one slope line is dravin, so
that the proportion of 1:2 is 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
to place two slope lints on the west side, and
four on the east side. This keeps the approxi-
mate 2:1 proportion, and yields aftraore ac-
curate average slope. The three slope' lines
that are placed in figure 2-15 are a re4f-of_
several placed over the entire area. These
three very closely approximate the, average
area slope, and more were not drawn sp that
the figure was as simple and uncluttered as
possible. -

5.7 +5.2 +3.6 14.6Average Slope =
3 3

= 4.83%

use 4.8% > 2%, therefore "C" must be
corrected.

"C" corr. = (4.8 -.2) 0.01 + 0.3 = 0.328
use .33

(9) "C" weighted. The area is a sim-
ple area; therefore it is not equired to weightClff

(10) Q = CIA.

"C" = 0.33 (Step 9)

"I" = 2.9 in/hr (Step 6)
"A" = 48.8 acres (Step 1)
Q = (0.33) (2.9 in/hr) (48.8

acres) = 46.7 cfs use 47 cfs

b. Complex 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
given in a step-by-step procedure in the seine
order as given by the mammary, pa,rstgraph
2-10, and the simple area problem.

2 -22 .
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Figure 2-16. Example prollem area 11.

(1) Known 1. LivOrno, Italy

2. Soil type GMd

416

4

3. Area Average turf = 1.5 acres
. Compacted gravel = 0.5 acres

TOTAL' 2,0 acres
4. Design life = 2 years

(2) Average turf = *1.5 2
0 76% < '807°

1.`'. The area is compleic.

. (3) Representative fl paths:

10 Path varitype
IA Comp

. 134 Ditch

2A Average-turf

2B Ditch -

p

L S% TOC

vel 60 1.0 7

. 160 0.8 8

15

- ' 100 3.8 10

320 2.1 0 8

18 min

2-24
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(4) TOC tor the area is the maximum
of 18 ;minutes.

(5)(6) Intensity of rain. Livorno,
-Italy is within the 1.5 isohyetal line. Refer-
ence to the L5 curve and with a storm time
of 18 minutes, will give an area intensity of
3.2 inches/hour.

(7) 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 C 0.70 use 0.70 .

GMd Soil - Average = 0.30

(8) filoge correction. Comiacted
gravel slopes less than 2%. Therefore, no
slope correction and C 0.7.

Turf area has slopes greater than
Therefore, C must be corrected.

Average Slope
.

3.8 + 4.2
2

-4.0%

Cc*, = (Sr, - 2) 0.01 + C = (4 - 2) .01
+ 0.3 = 0.32

(9) Weighted C.

A1C1 + A2C2 1.5(0.32) + 0.5(0.7)
cina

+ A2 2

0.48 + 0.35 _0.83
2 2

(10)t Q = tf.A

Q = 0.42(2.0)3.2 = 2.69 cfs

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 series 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 runofeis not the summation of the,
peak runoff of each individual area 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

0.42

the increasing value of the TOC, this TOC
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 41
will depend upon the C, I and A of the area,
the I being a function of the area TOC.

(b) Peak runoff at outlet- 4 2.

1. For the purpose o f this sub -
course the following method will be applicable
for determining the peak runoff for all suc-
ceeding outlets.

areaoutlet #1 Pus the Q fro a
2. The Q at outlet #2 is equal

to the Q from
#2, i.e., expressed mathematically - Q out-
let #2 = Q2. The Q from area 44 is
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 area #1 plus
the time it takes the runoff to flow through
the culvert and channel to culvert #2. The
times are based upon 5 ft /sec in the culvert
and 3 ft/sec in the channel.

(c), Peak runoff 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 frbm area #3, mathe-
matically Q outlet #3 = Q outlet #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 hi 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

2 -25
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negligible and the ditch time and each area
TOO are as noted.

(3) Further examples are Shown' in
figures 2-18 and 2-20 to illustrate the varia-
tions that may exist in ti' succession of areas.
The same assumptions will be made as in the
previous subparagrapi2).

C. Summary' of successive areas. Sub-
paragraphs a. and b of this paragraph on
Successive areas have been mainly concerned
with the pict6rial representation of the tech-
nique. In this subparagraph ihere, will be
presented a summary. of the actions to be
taken in computing the runoff from suc-

' cessive areas as follows:

(1) Delineate the drainage basins for
each I: articular outlet

(2) Determine the following date for
area TOC:

(a) Establish representative flow

(b) Obtain TOC for each area.

(c) Obtain flow time between areas.

lines.

1. Flow in culvert allow 5 ft /sec
= 300 ft /min.

2. Flow, in channels allow 3 ft/
sec = 180 ft/rain.

(3) Route the flow through the areas
tb obtain the maximum TOC ,for the Wet
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 'T'
u sing the TOC found to be maximum. 4

(6) Compute tributary area "A".

(7) Compute the runoff for each area
Q =

(8) Sum runoff for each area to get
e total Q at ihe outlet under consideration:

d. - It is recommended that the results
be tabulated when performing- the calcula-

Figure 2-112 Successive areas example 1. tions for each successive area. By this pro-
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Figure 2-18. Succesaiveareas ex-ample II. .
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Figure 2-19. Successive areas example III.
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2 -29

61
I



1,4

4

Sik
cess, the value of the TOC for each outlet un-'
der consideration can be readily determined.
Tables 2-4 and 2-5 are presented for use in
tabulating the results of the computations.
The use of these tables is not mandatorx but
are presented to indicate the techniques of
recording the computation results.

(1) 'roc determinatipn 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 inlet" will

TABLE 24. TOC Determination Table

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 Ion*-
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.

14

i

AREA (ACRES) DIST. TO INLET (Ft. ) SLOPE (%) TOC (}tin.)

1

g-

,

1-'
_.

Ems"

E-
GU I

-

5
E.

8

,

0
g g

.
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E.
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,

E.

E9

r
,

t - r --. -4

TABLE 2-5. Design DataDrainage System
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.
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6
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E.
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4b
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5

X
H
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8
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o
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.

, .... ,
_
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(c) Item 3 length of line seg-
ment. The length of the channel between the
two culverts.

(a) Item 4 inlet time. This is
the TOC for the particular culvert as taken
from table 2-4.

(be) 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.

(I) 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 as 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 contribh-
ting runoff to the inlet. This value is corrected
for slope and weighted if required aue,to the
area 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 AO runoff Q. This is
the area runoff as determined from Q = CIA
calculated from the values 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 taker
to analyze the drainage flow so that proper
summation of zunoff 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

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

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 given.

Area Map See figure 2-21 Scale 1"
= 200 ft.

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 .,Soil

Invert Elev. Culvert #3 = 24 ft
Area #4

Area Turf = 10.5 acres
Av ge Grass Cover
GMd it

Invert ev. Culvert #4 = 9 ft.
b. CalAations.

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

(2) Table 2-6 gives the values used in
various determinations and the results there-
of. Reference is made to the discussion add
the illustrated probleia given for simple areas,
for the type of calculations required, and for
solutions of the areas.,

(3) The TOC, item 6 Design Data
Table, is the area TOC unless other areas

2 -31
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TABLE 2-6. Calculations for Successive Areas- Problems

AREA (ACRES) DIST. TO INLET (Ft)

--...

SLOPE ( %)
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....,0
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are involved, in which case it will be the
longest TOC. Referring to inlet #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 is then based on
thieTOC 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
REVIEW

Note: The following exercises are study
aids. The figures followinge3ch question re-
fer to a paragraplIkcong information
related to the question. 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 solutions to these
review exercises.

1. Ntt 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)

(1'

TOC from the previous inlet of 19.5 Min.
plus the flow time of 2.5 min or 22 min The
TOO .to be used for calculating the Q of area
#4 is, therefore, 24 minutes.

,(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 receives the flow from areas #1 and #2
and also the adjusted runoff from its 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.

EXERCISES

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

4. In relation to the rational meth-
od for calculating 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)
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& Why is it necessary to adjust
the value of "C" when the average slope
of a drainage' area exceeds 2% ? (2-7b
..(1))

7. What conditions of soil, cover
and/or man-made structures in a drain-
ate area would make it necessary to
weight the value of "C"? (2-7e(1))

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

7

9. Maximum runoff for a certain
rainstorm and a specific drainage area
will occur only, when what two condi-
tions exist? (2-8a (1) )

L

67

2 35

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) )

0

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).

. --
13. 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 -8c(2) (c) (2), fig
24)



%S.

14. Another section of a flow path
is 800 feet in a lined channel on a 1%
slope. What is the time of flow for this
section? (2-8c(2) (c) (2), fig 2-4)

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

16. How do you determine which
of the rainfall intensity-duration curves
to use in determining the storm in-
tensity?' (2-80(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))

18. A drainage area in the vicinity%
of Washington, DC has a calculated
TOC of 35 minutes. What value would
you use for I in the, rational method
formula? 42-8c(1), (2))

19. What is the reason for estab-
lishing delineation lines on a topo-
graphic map of the drainage area being.
studied? (2-0,$)

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

2 -36
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LESSON 2A

SURFACE 'RUNOFF (TALBOT'S AND OCE METHODS)

TEXT ASSIGNMENT

MATERIALS

ASSIGN_

LESSON OBJECTIVE

2

Attached memorandum.

Annex A.

To teach additional methods foradlcutation
oLturiacli 'runoff.' -

Read the 'attached memorandum 't'h7oughSUGGESTIONS

61

rapidlyto obtain a knowledge of its scope.
Then read it through carefully, underlining ,

the important points and objectives. Read
-7 ": the review questions at the end of. the les-

-son. Study the lesson, j'arching for an-
.swers to the review questions, and write

, your answers -in the spaces .provided..
Finally, check your answers with the an-
piers giiemfor thisjesson at the back of.

`,this booklet: . ReviesT as necessary.

ATTACHED 'MEMORANDUM .)

Section 1. 114TRODKTION

2A-1. dENTIL

sThe purpose of this lesson is to pfpvide you
with suftldent information and de4i1 to ap-,
ply Talbot's formula, and the Corps of Engi-
neers method in .the, loluti8n of 'drainage
problems.

"- 2A-2. TALBOT'S FORMULA1 '../
Talbot's formula provides directlPte area

of the opening of the drainage structure

,

quired without determin4n of the, qUantity
Qf runoff water involved.

%h.

2A-3,,, CORPS OF 'ENGINEERS METHOD

The Corps .of Engineers method is a de- .

liberate process involving many factors,
tables, and gra,Phs, and remits in a rate-lor
runoff for a given drainage area. Recom-
mended uses are loci in tha. detailed dis-
cussioss of each m

Section II. TALBOT'S FORMULA .

2A74. INTRODUCTION.
.

-Talbot's formula 'niay be used as an ap-
proximate methpd fOr computing the cross-

.

O NO

sectional area of. the propdsed yipe or culvert.
This method is derived' from dbservations
made by Profesdbr 'MINA, for gently rolling

.69

4



9

"

U.

(49

farmlaid the midwes tern part of the
United Stiles. /

2A-5. DETAILS

This formula is:

A --= C -eff

in which A = area of waterway opening in
4 - squire feet-

D = drainage area in acres ,

C = a coefficient that depends
upon the 'slope, shape, and
general character of the area
to be drained

This' formu la is recommended Only for small
structures requiring a waterway opening of
not greater than 400 square feet. In addition,
the formula ended onlikfor a maximum
rainfall intens f 4 inches per hour. For
locations having greater intensities than' this,
the required opening may be computed by
dividing the ,are of the drainige structure
obtained from the formula by and multi-
plying the result by the intensity of rainfall
to be expected at the given location. No
adjustinent made for a rainfall intensity
lesssual to 4 inches ,per hour. The
accuracy of this formula is dependent on the
selection of the coefficient C. Norpal values
for C are as follows:

C = 0.2 for flat areas n6t affected by accu=
mulated Snow and where the length
of the valley drained is several times Example:
the 'width.

611

and the length of the valleys, and by the
general character 'and culture of the ground.
All of these factors affect the rate of runoff.
Therefore the engineer must adjust the value
of C to suit each case. The value of C should
be increased as the lengths of the valleys de-
crease in proportion to the widths, and vice
versa. As side slopes steepen, C should be
increased. Heavy scrub growth would de-
crease the value of C as compared with cul-
tivated farm land, whereas rock or barren..
slopes would increase the value of C. Pre-
dominantly sandy or gravelly soils tend to
decrease C, whereas heavy clay soils tend to
increase C. A value of 1.0 is satisfactory
for moderately mountainous terrain, or for
reasonably steep barren Areas with abrupt
slopes of up to 10 percent. Whe formula should
not be used for precipitous, rocky, mountain-
bus areas where C would be 'greater than one.
The drainage areas may be obtained from -a
map of the area involved, either by plani-
metering or by dividing the area into sever-
al triangles and/or rectangles. Waterway
openings for various drainage areas are given
in table 2A-1. A nomograph for the solution
of Talbot's formula is given in figure 2A-1.
The diameter of pipe in feet can be computed
by using the formula:

Diameter =

in which A =

C = 0.35 for gently rolling farm .land
where the length of the valley is
about 3 or 4 times the width.

C 0.7 for rough, hilly areas having
moderate slopes.

C = 1.0 for steep, barren areas having.
abrupt slopes, and for moderately
Mountainous areas.

.1/
'hie value of the coefficient Cis influenced by
the shape of therdrainage area, the side slopes

ti

area of waterway, in
feet

'
Drainage area is 200 acres

rolling farm land (C =71.35)

square
,

of

A = 0.35 \4/20673 = 0.85 /(2 10'2)

F 0.35 NV8 + 10° = 0.35 /800 x 104

sQs. = 0.35 x 5.32 x 10 = 1g.6 or 19 sq ft

A = 19 sq ft I-

Pipe diameter = v/4 x

2A -2

= V2472 = 4.9t or eft
.k
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TABLE 2A-1. Required Culvert Opening Square Feet; Computed by Talbot's Formula

Drainage area
in' acres

Mountainous
(C = 1.0)

Hilly
(C .= 0.7)

Sharply rolling
(C =_.?.5)*

Flat
(C = 0.2)

2

5

10

20

(30

40

50

75

100

150 4-

200

300

400

500

600

800

1,000

1200
1,500

2,000

2,500

3,000

4,000

5,000

7,500

10,000

15,000

20,000

,

'S

.

-

e

r

,

3.3 .

5.6

' 9.5

12.8

15.9 ,

17.8

25.4 .
31.6

42.9

53.1
4,

72.2

88.1

106t0

121.0

151.0

178.0

204.0,,

241.0

.. 299.0

353.0

1.2

2.3

3.9

6.7

9.0

11.1'

12.5

17.8

22.1

30.0

37.2 ;

50.5

61.7

74.2

85.0

106.0

125.0

143.0

169.0

209.0

247.0

284.0

352.0

I.,

0.9

1.7

2.8

4.8

6.4

8.0

8.9

12.7

15.8

21.5

2616

36.1

44.1

53.0

61.0

76.0.
86.0

102.0

121.0

150.0

177.0

203.0

252.0

298.0

'

.

f

th .

0.3

.7

1.1

1.9

2.6

3.2

3.6

5.1

.6.3
8.6

10.7

14.4

17.6

21.2

24.0

30.0

36.0

41,0

48.0

60.0

. 71.0

81.0

1.01.0

119.0

161.0

0.0

2710
336.0 ,

.

*up.

,

.
. ,

Formula not
these conditions.

to be used for
,

The normal value of C f nily rolling areas is 0.35.

2A
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$
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Section III. CORPS OF ENGINEERS METHOD

2A4. DELIBERATE METHOD OF DETRAINING
RUNOFF

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

Horton's equation is as follows:

4 = tanh2 a (0.922 t (a/nL)°.50S°-25]

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

a = rite of supply or rainfall in
excess of the rate of infiltra-
tion in inches per hour.

t = time or duration in minutes.
tanh2 hyperbolic tangent squared.

n = retardance coefficient 21.
L = length of flow in feet.
S = slope 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

Engineers method may be found
series. ,

c. Horton's equation was used to com-
pute a series of overland flows vs duration
graphs assuming n = 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
cures 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
compensates for the difference between the
values of n and S used in developing the
curves. Equivalent length is indicated by
the symbol LE. The equivalent length is the
average length of flow, converted to a, len

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

d. The Corp. of Engineers 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,
lesion 2).

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

Al -LE
IWeighted LE I

+ A2 LE +
2

± A2 + . . . .

where LE , LE etc. are the equivalent lengths
1 2

of the surfaced areas (including ditch flow)
and turfed. areas (including channeliied flow
and/or ditch flow). For successive 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 un&rstood from the procedure
and examples which follow in paragraphs

, 2A-7 through 2A-10.
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Figure 2A-2. Nomograph for equivalent length.

2A-7. PROCEDURE FOR CORPS OF ENGINEERS
Mtht0D.

a. Secure or draft a topographic map
of 1:2400 or 1 inch = 200 feet ofthe 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, lesson 2.
be.

I 440:
1"

.illA maismr

strrill*
One-hour rainfall, in inches, to be expected once in 2 9eors.

Figure 2A-3. United States isohyetal map.

4,* c. Calculate the ize of the drainage
areas with respect to e 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 represents.*
tive path of flow selected.

g. Calculate the average length (L)
and average slope (S)- of sheet, channelized,
and ditch flow.

h. elect a coefficient of retardation
"n", ble 2-1, lesson 2.

(1) Study the surface of areas and
subareas.

(a) Recohnaissancelool for bat<
bare ground, etc.

2.A -6
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(b) Re 4,4,kw the ,plans and specifica-
tions for type of man-made surfaces.

(2) Use eusineering judgment and
select an "n" for eadh, type of flow.

1. Calculate the area equivalenelength.

(1) For simple areas, determine the
LE 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 ga total-area equiva-
lent length.

(2) Focomplex areas, determine the
LE 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,

Al Ls + A2 LE .

Weighted LE
2

+ A2 + .

(3) For successive areas it is neces-
sary to add the equivalent length (total or
weighted) of each successive area (simple or
complex.) to the equivalent length of channel-
ized and/or ditch flow required to carry the
runoff from each successive area to the
drainage structure undbr consideration. The
a weighted equivalent length is computed by
the same method used for a complex area,

° Weighted LE
iLai + A2LE2 . .

+ A2 . . .

.31 (4). When the ,galc ated equivalent
legth is longer than the 1 00 feeVon the
supply curves; use the -1,200-fo e

j. Select a" design storm rainfall (R)
from the Unitpd States (fig 2A-3) or the
world isohyetil maps (fig 2-5, lesson 2).

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

(1) Study soil and surfaces of areas
and subareas.

73
(a) Conduct a soil survey and/or

reconnaissance to identify soil.

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

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

(3) Use engineering judgment and
select "I's".

L Calculate the are supply rate (a).

the area supply
e equation, a =

(1) For simple
rate is calculated from
R -I.

(2) For complex areas the ara supply
rate is the weighted supply rate calculated by
the equation, al = R - Il, 02 = R 12, etc.

Weighted a Al al + A2 02 +
A1 + A2 + . .

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

m. Choose the supply curve closest 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). .

o. 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

, area, in acres).

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

a. Assume that yoti 110 been fur-
nished with the following infoNotion:

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

-

Area inap: See figure 2A-11 (Scale 1 in
200 ft)

2A 13
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TABLE 2A-2. Infiltration Rates (for 1 Hour) in Inches Per4Hour

Sparse
(Bare) CoverNajor,Divisions. Letter Dense Cover Average Cover

,

Coarse
Grained

.

Gravel
k

Gravelly
Soils

.

.

GW , 1.0 - 1.5 A''' 0.8 - 1.2 0.0 - 1.0

GP 1.0'- 1.5 0.8 - 1.2 0.6 - 1.0
"%qv..

GM
d

u .

0.0 - 0.8 0.4 - 0.6 0.21- 0.4

0.4 - 0.5 Stft
0.3 - 0.4 0.2 - 0.3

GC '
.

.
0.3 - 0.4 0,2 - 0.3 0.1 -0.2

Sand
k

Sandy
Soils

SW
----......

1.0 - 1.5 0.EV- 1.2 0.9 - 1.0

SP 1.0 - 1.5 0.8 - 1.2 0.6 -.1.0

0.6 - 0.8 0.4 - 0.'6 0.2 - 0.4Sr

u 0.4 - 0.5 0.3 - 0.4 . 0.2 :0.3

SC 0.3 - 0.4 0.2 - 0.3 0.1 - 0.2

Pint
Grained

Silts k
Clays
WL 50

CL . 0.1 - 0.2 0.12 0.02-- 0.1

ML
.

0.6 - 0.8 0.4 - 0.6
. 4

. 0.2 - 0.4
.

CIL 0.0 - 0.8 ' 0.4 - 0.6 0.2 - 0.4

Silts k
Clays
WL SO '.

CH 0.1 - 0.2 0.1 - 0.2 0.02 - 0.1

J4 b.o - 0.8 0.4 - 0.6 0.2 - 0.4

CH 0.1 - 0.2v' 0.1 - 0.2 0. 02 - 0,1
Highly
Organic Soils 0.6 - 0.6 0.4 - 0.6 0.2 . 0.4

anOn oleo.

tiJ13 -AREA "A"

1PATH
1150

G
,

S z- 4.0 5

CULVERT -I
0

Figure 24-11. Simple-area map (area #1).
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Invert' elevation of culvert #1 inlet: 44 ft
Averkge grass cover

'Sgil type: GMd
Turf area: 14.6 acres'

4#

. Asphalt area: 0.1 acres

You= have been' instructed to calculate the
maximum rate of runoff at culvert' #1 that
'is being 'contributed by areas,#1. Channel
ized flew will be assumed to start near the
50-foot contour.

b. Determine if area is simple. Or.com-
plex (par 2-2g). The area covered by 'turf- ,

was given as 14.6 acres, and the area covered
by,asphalt was givegzas 0.1 acres. The total
area is 14:7 acres. 4,

14.6
100*=?99.3 percent

Since one t y 0 t c a r e a , exceeds.80 perc;119i of the
totairare,a, the drainage' area 18 co .idered a
"simple' area. .

e. It is recommended that you use. ~a
table similir to. table 2A-3 in computingAn-
off. This Will .aid you in organizing' and re-

. .cordhig your calculations.

(1. FacareinatiOn of the Map, frgUie A-
11,. will reveal that subarea "A" is -approxi-

° Matey eqUal in size to subarea "B". The ratio
otiach subarea to the total area Is therefore
about 1:2. From thii analysts,' it appears
that one representative Path of flow in each

. subarea should be sufficient to jtescribe all .

paths' of flow in each subarea. 'Water flews
exactly perpendicular to the' contour lines.
Hoviever, fOr greaten 'simplicity, .flow lines .

are 'usually drawn asp straight lines -approici;
'mately perfendicular to-the contours.

e. The fOilowing -calculations illustrate
how to..complete table22A-3. .

44(1). Scale, paths A, B, and C.

(2) COMput4 the. averagerslOpes of ail '.

(3) Compute I.E.

4'

75-
(a) Example: LE fo4sheet4 flow

(-fig 2A-2) . .

Enter abscissa y figure 2A-2a at 575 and
rem up, to "n" of 0.4. Read left *to' edgeoe
graph and the result is 575. the reason there
is no change in length Is because "n" of 0.4
wei used. Now enter thd ordinate of figure
2A-2b at 575. Read across -to slope of, 4.6
percent Read down to obtain corrected
length for slope and the result is 2751t.
the Mope .had been' 1 percent, there would
have been no correction for length.

(b) Example. LE for chanikeliied
flow- (fig 2A-2):

Enter abscissa of figure 2A-24% at 1
read up to "n" of 0.2. Read left to edg f
graph and the corrected' length for the ditt
ference in retardance-coefficient is 75. Enter
ordinate of figure 2A-2b at '75 and read acfoss
to slope' of 4 percent. Read down to obtain
the corrected length for the difference ?If
slOpe, which tis-40.:'

paths.
_ :-, orK 50 et of 0.4 and "S" of I. percent:

- 4tignple: Sloe t5 ath A- -....e- e . ,., i; . - da 550 L = actual or icverag4 measured dia-
.. x 100 = 4.3 percent

. tance of flow path, in feet.
N ..

2A 15s

,
(c) Exani.ple LE (by, -use of for-

, .

2.5:14n

V§
formula. LE can be used in

lieu of figure 2A-2 to. obtain the equivalent
length for "n" of .0.4 and slope of.1 percent
This formula is recommended for the follow-
ing reasons' (1) the scale ,of figure '2A-2

:makes, it diffInult. to select. a number in the
lower leffahafid corner lof each graph; (2) if
you have an actual_ length greater" than 600
feet, you must; extend the line representing
"n" or' "S" by either inspection or caldulationik
Tile calculation: for obtaining the ecluivaleur

_length of ,flotv is as follows:

Wirer

4.4E = 'equivalent leitst11..,4 feet for "n"
-

0
i

8 3

V

a

Th:b

w.



b

A

sue.

4

I

a = retartiance coefficient (table 2-1,
,lesson 2).

S. = actual or average slope, in per-
cent, orflow path.

Examples:

LE for sheet flow =.

(2.5) (575) (0.4)

A.6
LE for channelized flaw =

(2.5) (150) (0.2)
38 ft

CC)
,

'(d) It should be noted that the for-
mula gives more accurate values than thoSe
shown in table 2A-3. _However, the total LE
obtained by either method _varies' very little
and the supply curves (figs 2A-4 through
2A110) allow for a fairly, large error in LE
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 results
byiasing figure 2A-2 when solving for Lkl,All
the exercises in this subcourse will be'filised".
onthe formula method.

268 ft

t,

(4) "Q" computations.

(a) Supply rate (refer to naxagraph
2A-71(1)).

R I = 1.5 0.5 = 1.0 inch perliota:.

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

(a) Maximum rate of runoff
through Culvert #1 (refer to paragraph
2A-7o) . '

,

Q .= 1.1 x 14.7 = cfs

2A -9. SAMPLE PROBLEM FOR COMPUTING
RUNOFF. FOR COMPLEX AREA 6

a. Assume that yois have been fur-
nished with the following information:

Area #2:- Fort BelVoir,-. Virginia. This -

area is located. clirectly below area #1. used
in paragraph 2A-8 of this 1 xi.

'Aga snap:. Sye figure 1A-12 L--
20014$0

4 -
.

,
;invert at!on of culvert-#2 24 ft.'
'i.verage grass covert

Soil type: GM4.

-:Turf area: 6.6 acres. , 4

. Asphalt area 41 acres. y.

-You have been instructed to calculate" the
, (b) Maximum rate of runoff-in dp amount of runoff that only area #2' is con- .

per acre (fig 2A-5). uting to culvert #2.

Complexiarea map (area- #2):

t

-.
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TABLE 2A -3. Simple-area "LP computations.

AREA NO. / , SURFACED 0.1 AG: ' TURF 146 AC' TOTAL /4. 7 AC

TYPE FLOW Silf.&-r CHANNEZED I 7
n . 0.4 (T7kei.E. 2)- 0.2 (-7-Aair ,2;) a

/ .
1#1.

.%

PATH L S _PAN L S PATH. L S

IA 550' 4:470 IG /50' 1:0%
. 1.8 400 4%6- 4

.
.

. 0
0

.

,

1
SD , 0

,

4

° ...
., ,

.
. ,

TOTAL . /1.50 2/ . 750 40
AVERAGE '575' 470 /50' 4:09.

LE '275' me" 3) . 4bi OM 3) ,

'.

, i '

TOTAL AREA LE =
6
3 /5"

00

- "d" 'CO PUTATION
(F/6 4) (Ms1.4.- 211)

AREA NO. / TOTAL AREA 4:7 AC . R = ''"/HR. I s 0.5 9/Hii.

ity SUPPLY RAZE = R - / 0. 5- : IYHR.

CLOSEST SUPPLY CURVE =

4

Q/A .11
1 CFS FOR LE = alz FT.

TOC s 25 MIN. (N6 7)

TOTAL (20* Q/A it AREA -= 1 /4-.7 : /6.2. CFSint

yA

° M -=17

c../J0 r.4
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V6,

,

b. Determine if area is simple or com-
plex,

total area °= 11.3 acres
6L1.6 X 100 = 58.4 percent

.3

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

considered a "comple4area.

c. Examination of the map, figure 2A-
12, will reveal that subarea "C" 1s approxi-
mately, equal in size to subarea V". The
ratio of each subarea to the total area is
therefore about 1:2. Froin this analysis, one
representative path of tow in each subarea
shoulkbe sufficient to describe all paths of
flow in each subarea.

d. he following calculations Illustrate
how to complete table 2A-4.

(1) L: for path D

SO per-
area is

Ls
II§

;(2.5) (570) (.4)

2.9 Ln

Ni31

(2) for path E

LE
2.5 Ln

1.1§

(2.5) (360) (0.02)

(3) LE-for patd

jijz (2.5) (360) (.02)

9

(4) A x LE for turf
(6.6) (288) = 1900

4 (5) I for turf = 0.5 (table 2A -2\
(S) 5 forturf = Et--I =1.5 -0.5'=

(7) A x a for turf = 6:6 X 1. 6.6

Ai LE + A2 LE
(8) Weighted LE 1 2

Al + A2

T

(Para 2A-71(2) )

Weighted LE = 2
018 = 179 ft.

-11.3

(9). 'Weighted Supply Rate = a =
Al al + A2 62

Al + A2
(para 2A-71(2))

Weighted Supply 'Rate = 131

= L21 inches per hour

(10) For area #2 tliemaximum rate
of runoff is 19 cfs at culvert #.

11.3

2A-lO. SAMPLE PROBLEM FOR COMPUTING '

4 RUNOFF FOR SUCCESSIVE AREAS

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

For this. problem it is assumed that
the runoff from area #1 (simple-area sample
problem, para 2A-8) flo m culvert #1
through ditch #2 to culve #2- and con:
tributes to the runoff from #2 (com-
plex-area sample problem, p 2A-0) upon

___Arrizein(at culvert #2.

e. To solve a successive -aba problem,
it is first necessary to determine the equiva-
lent length 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`respC.ct to the total. area.
Table 2A-.1 shows the computations that are
needed to solve this problem.

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

,(1) Area #4

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

(b) LE. of 460 ft ditch shown in
figure 2A:12.

2A--18

86

2.5 I.n

ee

e
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AREA NO 2 ,

Ne' TABLE 2A-4. Complex-Aha "LB" Computations

SURFACED 4-.7 AC TURF G.4 AC

77
TOTAL 11.3 AC

'YPE FLOW' SHEET (TURF) SHEET(5uRP4c1-o) Dire li

n 0.4- \I
...

0.02 o.02

PATH, . S PATH L S PATH L S

,th 570-` 3.9Z.: 2E 360' +5% 2P .360' 7.3Z
/

.
TOTAL

.
570: 3.9 c 340 4.5 360 1.3

orERAGE 570' 3.97. 360' 457. 360' .11,70

LE , 2881. 9' 16'

TOTAL AREA LE = 288' TOTAL AREA' LE = 25'

COMPLEX AREA*. R = 1.5 IHR

AREA ACRES L A= LE I cr .,,,, 'A x cr

7b2r-. , - 4.6, ,, 288' 400 ,0.5 1:0 6.6.

.uhF. 4-.7 - 25' 118 0-0 1.5 4f. 7/
I

TOTAL. 11.3' 2018
-,.._

.e /3.7 ,

%.1

WEIGHTED LE = -24218 = 17*-- FT.
TOTAL. A x Le

TOTAL A 1/.

/7
.WTO. SUPPLY RATE

TOTAL A x c
TOTAL A' 1/

-; "/HR.
. 3

CLOSEST'SUPPLY CURVE 1.2.

Q/A = 1.7 CFS. FOR WTO. LE = 179 FT.

TOO = -/9 MIN.

, TOTAL Q = Q/A x TOYAL AREA = 1.7 Y /1 3 =. /9.e CFS

\ .
,

-....___.

li % -
. , 4

l

4.

2A 1916'
1.
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* 0

46 0

AREA , No I
TABLE _2A-tr. Successive Area Cpmputations

1

lixtogier

w

N (17
cci '1' it
... .. 4,.0

TYPE FLOW 'PATH L S n LE

ATZ.0... / L. To Au-A Outler(COLVEer Vol) 3/5'
Drrck (A,lo. 2) 2 G 9-60' 4-A-% 0.02

,

.., TOTAL LE AT ULTIMATE OUTLET = 32 6
A2f-A No 2

w>
ct is i (41

co
ta. 0 cc

D
co

TYPE FLOW PATH- L . S . n LE 'I

Azt-A 2 LE., To ALE-A atfri.kr (COL l' -2r 4'2) /79
.

4

.
. .

.. TOTAL LE AT ULTIMATE OUTLET = P/ 9
.,

SUCCESSIVE AREAS
4

R = "/HR.

AREA ACRES LE A X LE cr A x cr
.

/ ' . /4.7 326 4:1792 l.0 14.7 .
2 /1. 3 . 179 Z04,3 1,2 1. Co .

TOTAL 26.0 68/ o . 28.3

f

2TOTAL A x LE 4,8/0
,.. 62 OT.---"'" WEIGHTED .LE = -

- TOTAL A 26.0
a

s "..5 = 1. 09 ' /HR.WTD. SUPPLY ,,RATE = TOTAL ,A.x
TOTAL A 26.0

C On& SUPPLY CURVE 1. 0

Ao= _CFS FOR WTD. LE = 262 FT.

TOC 2 2/ MIN. . ,

TOTAL 10/A x TOTAL AREA = 26.0 = 6 CFS

.

4

2A-20'

S12

o



1.

(2.5) (460) (0.02) (Paragraph 2A-71(3) )

ViTA
Weighted LE

6,810
262 ft

26.023.0 = 11.0 ft
2.1

(2) Area #2

LE of 179 ft (Refer to para
table 2A.14; fig 2A-12)

(3) Successive areas

Ai LEI + A2 LE
(a) Weighted LE 2

Ai + At

(b) Weighted supply ,rate = a =
A: ai + A2 02

AI + A2

Weighted supply rate = 28.3,

26.0,
= 1.0i. inches per hour

(4) Maximum rate of runoff at culvert
#2 from areas #1 and #2 =

. 28.6 cfs.

REVIEW EXERCISES .4\41...

Note: The following exercises ,are study
aids: The figures following each question re-
fer to a paragraph containing information
related fo the qtestion. Write your clavier
in the spate below the question.- When you
have finished answering all the qutstionS for
this lesson, compare your answers with those

n for this lesson in the back of this book-
let. Do not send in your answers to these
rWiew exercises. "

1 In Talbot's f ?mule method
how is the slope, over, and shape of
the drainage area accounted for?
(2A-5)

,0

area decreases in relation to its width?
(2A -5),

,k

0,

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

0

.
2. In adjusting the value of "C"

for Talbot's ,formula, which way is it
adjusted as the length ofithe drainage

2A 21



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 = 0.44
(figure 2A-1).

5. Using 'the appropriate Mathe-
matical* formula, what diameter pipe,
in inches, would you ordevifyou had
determined the required waterway area
to be 7 square feet? (2A-5)

2

6. Curves developed from Horton's
equation for use in the Corps of Engi-
nws, method for determining runoff
are based upon a specific retardance
coefficient and surface slope. When
the faders vary, how are the curves
used? (2A -6c)

7. To use the curves referred to
in exercise 6 when the area of concern
is. a comalex area, what action 'must
be taken *ith regard to the equivalent
length? (2A-6c)

L

a

, au'

8. How; do you determine the
equivalent length of flow for a plc,
area in which sheet, channelized, d
ditch flow are all present? (2A-71(1))

9. Infiltistion 'fates as given.
table 2A-2 have a considerable range
spread percentegewise. How is the
specific figure 'selected? (2A- 7k(3))

10, ailie.:Supply curves shown in
figures 2A-4 threugh 24 -10, how do
you 'determine which one to use?

° (2A-71, m)

2A 22

90
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LESSON 3 .

DESIGN OF DITCHES AND CULVERTS

CREDIT HOURS 2

TEXT ASSIGNMENT Attached memorandum.

MATERIALS REQUIRED Annex A.\
LESSON OSJECTIYE To teach you deliberate methods 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
the important points and objectives. Scan
Annex A. Read the review questions at
the end of the lesson. StudI the lesson,
searching for answers .to the review ques-
tions, and write yqur answers in the spates'
provided. Finally, check your answers
with the answers given for this lesson at
the back of this booklet. Review( asneces
sary.

At

8:3

I

3-t. GENERAL

ATTACHED MEMORANDUM

In lesson 2 you learned how to compute
surface runoff This lesson ~will teach you
how to design the ditches' and culverts that
dust be used to 'carry' this surface runoff
from the drainage/ area.

- 3-2. MANNING'S FORMULA

a. Afteruithidischarge has b coin
puted, the req edchannel or pipe sizes for
various parts of the drainage system can be
determined. All drainage structures must
be large enough to carry away the maximum
design discharge. To prevent' infiltration into-
the subgrade, water ,'should not stand in
drainage ,facilities except for very brief

\I!

periods. Where.existing drainage structures
are to be used,, they muse be checked to
determine whether they will be adequate to
carry any 'increased runoff resulting from
the proposed construction. The size and
gradient of pipes and well-maintained chan-
nels required to discharge design storm run-
off may be determined by lvfanSing's-ifor-
mule :

s 1

1.486
Q 213 S 112 where,

. n

Q = e'rtite of flow in cfs

A = cross-sectional area of flow in
sq ft

1.186 = a constant

914
410



a coefficient of roughness (Man-
ning's "n")

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 hydraulieradius is the lineal mea-
surement of that portion of the perimeter of
the ditch or structure actually wetted by the
flow. The mathematical formulas for .4.eter-
raining the values of wetted perimeter, qe
as follows:

.

(1) V-ditches: 3-1) J
'wp4= 2 V(1(1)-2. + d2

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

wp = 2 V(842 +

(3) Culverts, *fill
wp ad

d2 -1; b

ad

c. Manning's 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
of n for most surfaces. /f time is
factor in ditch. or cblvert construe
n = 0.025 may be assumed for
struction.

values;
vital

n, an/I
con-

Figure 3-1. Cross section of a V-deict

ad

h

Figure'3-2. Cross section of a trapezoidal ditch.

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

e. The hydraulic radius' is determined
by dividing the cross- sectional area of flow
by the wetted perimeter. For example a V
ditch with 4 to 1 side slopes and a depth of
1 foot would have a hydraulic radius equal
to:

3 '2

8 x 1
2R

2 (42 + 12)

4 / '
2 f.7

0.485 ftV

f. )Figurb 3.3 will be found useful' in
reducing !Lome of the more laborious calcula-

0 0tI ;
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tibns involved in the solution of
formula.

3.3: EXAMPLES

The following examples show iitie rinci-
o pIes involved in determining the d th of

flow of a ditch for a,given longitu slope.
roughness coefficient, and rate of runoff.

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

. ditch has a 1 percent slope,- a roughness co-.
efficient (n) of 0.02 and side slopes of 4 to
1, as shown in figure 3-4.

-4d

Figure 3-4. V -ditch used as esompleriti
paragraph 3-3..V.S.

Solution:

..571
A = 4d2

wp = 2 N/16d2 + d2 = 8.25d

0
A 4d2R = = 0.485d

wp 8.25d

Manning's formula Q = A 1486 R2/3S1/ 2

4d2/ 1.486
10 v- 1 (0.485d)213 (0.01 ) "2

` 0.02

10 = - 4d2 (74.31 ( .485) 213 (d)213 (0.01)1/2

10 = 4d8/3(74.3) (0.62) (0.1)

0.542 d8/3

& = 0.5423/8

d = 0.795 or 0.8 ft.
t.

Knowing d we can now solve for the velocity
(V) in the ditch by the formula Q = VA

Q= = -- 3.9 ft /sec
A 4(.8)=.

b. Trapezoidal ditch. The area drained
by the trapezoidal ditch has a rate of runoff
of 29 cfs. The ditch has a 0.6 percent slope,
a roughness coefficient of 0.03 and the cross
section-of the ditch is shown in figure 3-5.

A,
1.5,

Solution:
A= 9d + 1.5d2

wp (1.5d) + 9,

R 9d + 1.5d2

Figure 3-5. Trapezoidal -ditch section.
o

Q = (9d + 1.5d') 1.486 (9d + 1.5d2
Q.03 L 3.60d + 9

Q = (9d + 1.5d2) r9d + 1.5d212/3
I- 3.60d + 9

2/3

wp 3.60d + 9
1.486Q = A R2i353/2

.c

. (.0775) (49.53)

The solution of this equation by the, usual
means is lengthy and laborious involving

3 4

.0
4.

441
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several powers'of d. It will be found simpler
to solye by trial and error, using different
values for d btntil you arrive at a wale for Q
approximately .equal to .29.

-Assume d = 1:

(10.5 )2/3
=,.10.5 (3.84)Q

12.6

Q = 10.5(0.833)2/3 (3.84) =
10.5(0.885) (3.84)

Q = 35.7 cfs
Since this is larger than the actual Q of 29
cfs, the assumed depth, 1 foot, is too large.

Assuine-d = 0.9:

Q = (8.1 + 1.22)
[8.1 + 1'22]2'/3,(3.84)f 3.24 + 9

9.32 \2/3
Q = 35.8 (

12.24

= 35.8(0.760)23
Y

Q =- 29.9 cfs

3'7
b. The mpst desirable combination dr°

motorised construction equipment may rarely
be availableafor ditch construction, but the
same machines which are used, in the gradipg
operations are usable f4; ditch construction.
The motorized grader is perhaps the best
single machine for ditching, but ,other Ma-
chines such as the towed scraper, motorized
scraper, bulldozer, or crane-shovel with any
excavation attachment may be usikl. The
grader is primarily used in the construction
of V-ditches but'is also useful for construct,
ing the silk 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 scraper-grader
combination is best for construction.Of trap-
ezoidal ditches. The ditching limitation of
this combination is a minimtim 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. .

Since the actual Q is 29 cfs it can be seen\
from the above calculation that the depth of
flow to the nearest tenth of a foot is 0.9 ft.

Solving for the vel

d = 0.9
A = 94 + 1.5d2 = 8.1 + 1.22 = 9.32

Q 29.9
V = = = 3.2 ft/sec'

A 9.32

in the ditch:

3-4. CONSTRUCTION EQUIPMENT C0141SIDE'RA-

TIONS

a. The shape of the cross - sectional area
is primarily .governed by the required ditch
capacity and the capabilities of the available
ditching equipment. 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
to have about 6 inches more depth than the
depth of flow resulting from the design' run-

,. off (freeboard).

3-5. 'CULVERT >DESIGN
,

A culvert is a conduit to convey waters
through an embanknient Fbr 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: corrugated metal
pipe (CMP); concrete pipe, etc.

Size of -pipe to be used!'

Slope of the culvert.

3-6. SIZE OF PIPE

After the slope and' type of pipe have been
selected, the size of the pipe can be deter.;
mined. From the drainage analysis
area we calculate the peak rate of xiat
the entrance to the culvert' by Hort

3 5

t;
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miila. o select a pipe to handle this rate
turn to annex A-4, table of pipe capacities.
Annex A-4 i4 divided into two tables, one
for corrugated metal pipe (CMP) and one
for concrete pipe, because -Manning'S n is
different for each type. Fors 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

3Y oflowing full.

3-7. FACTORS AFFECTING SLOW

From' annex A-4, you will notice that, up
to a certain point, increasing the slope of a
pipe increased 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-section area is
reduced. Because Q = VA, the same amount

of water passes through the pipe as when it
wag at critical slope. Therefore, do not as-
sume a steeper pipe will alwSys increase your
margin of safety. Instead, if the critical
slo-pe. is exceeded, the velocity may be` in-
creased enougfi to calse severe erosion at
the culvert outlet.

3-8. VELOCITY 0

Assume that a drainage stem dischafrges
a given volume of wetter. In most cases, when
a water channel of this system is restricted
in cross - sectional areaelocity of
Water increases within the restricted pbrlion.
Since the culverts ale more restricted in
7brossTsectional area than the ditches, it is
very probable that the greatest velocities will
occur in the culverts. Therefore an
of culvert velocitiet will usually indicate '
whether there are any excessive velocities in
the drainage system. Annex A-4 shows the
velocities for various sizes and slopes of pipe.
If the velocity is above the Aceptable 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 lists
the maximum mean velocities for streams
and channels. The minimum slope satisfac-
tory for clear unlined channels is 0.5 perceht.

REVIEW EXERCISES

Note: The following exercises are study
aids: The figures following each question ir
fer to a paragraph containing information
related to the question. 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 liaok of this booklet.
Do not send in your salutions to-these review
exercises.4.

1. What is the general criteria for
determining the size of. drainage struc-
tures? (3-2a)

I

3 6

kti

2. Wfiat information will you ob-
tain-by proper application of Manning!s
formula? (3-2a)

(in



,3. Enter Manning's formula.in the
space below; it will be used frequently
in the remainder of this lesson. (3-2a)

4. What is meant by the term.
"wetted perimeter?" (3-2b)

5. Write the formula for the wet-
_perimetei. of a trapezoidal ditch.

(3 -2b(2) )

a

G. What is the value of Manning's
"n" for corrugated metal in good condi-
tion in an open channel, nonvegetated?
.13-2c) (annex 4-2, 713)

7. How is the "hydraulic radius"
of a drainage structure determined?
(3-2e)

3

8. -Datermine fhe hydraulic radius
of a V-ditch with 3 to 1 side slopes-
aud a depth of 2 feet. (3-2e)

9. What is thehydraulic radius of
a culvert 36" in diameter when it is
flowing' full? (3-2b (3) ) (3-2e)

10. What is the depth of flow (d)
in a V -ditch if the runoff rate'is 16, cfs,
the ditch has a...1._ p,ercent slope, the
roughness coefficient (n) is 0.02 and
the side slopes are 3 to 1? (3-3a)

..*
.

11: In the exercise above ydu were
given a rate of flow of 16 cfs you
determined a depth Of floybof 111 You
were also given a V-ditch with 3 to 1
side slopes. What is the velocity of
flow? (3-3a)

4
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12. Assuming you have solved Man-
ning's formula to this point: Q = (9d

2/3
+ 12.5d2.) (49.53) ( 64 + 1.-561 -2)

3.6d + 9
.. (.0775), and you have a runoff rate of

75 cfs, find the depth (d) by trial and
. error. t3-3b)

4.

1

13. Whatare the two factors that
primarily determine the shape of. the se.

-sectional area of a drainage ditch?
(3-4a) ,

c

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

. i.

14. How much freeboard is normal-
ly allowed in the construction of a
drainage ditch? ' (3-4a)

1

15. What if the minimum ditch base
width that can be constructed using a
combination of scraper and grader in:
construction of the ditch? (3-4b)

-

(

)

1)
4

1

17. If you have a calculated runoff
of 29 cfs and a 36-inch CMP available,
what minimum slope should it be laid
at? (3-6) (annex A-4)

18. What volume in cfs will a con-
crete pipe of 36-inch diameter carry
if itis laid on a slope of 0.6 percent?
(3.6.) (anus A.4) *

If

19. What is the ,critical slope upon
which you may lay a 24-inch CMP?
(3-7) (annex A:4)

20.: At what slope does a culvert
achieve -its maximum efficiency? (3-7)

21.
,

What will the velocity of water
flow be in an 18-inch CM? if it is carry-
ing 6.8 cfs? (3-8) (annex A-4),

, ^

it

,

.

t

p

4,-

22. What is the maximum allowable
velocity for an erodible earth channel
of ordinary fun- loam if the water ,is
clear except for'fine silts? (3-8) (ail-

"ne* A-3)
. ,:

98-
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LESSON 4

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

CREDIT .fitrat 3

TEXT ASSIGNMENT Review lessons 1, 2; and 3.
_Attached memorandum.

MATERIALS REQUIRED 4_ ennex .A.'

LESSON OLJECTIVE To teach you how to install culverts, to design
che4 dams, to design drop inlets, and to
use Oonding for safety and economy.

SUGGESTIONS 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-
ion. 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 far this resson at the back of
this booklet. ,Review as necessary. - _

-

ATTACHED MEMORANDUM

Section I. aiiNAGE CONSTRUCTION, CHECK DAMS, AND DROP INLETS

-1. EXCAVATION OF DITCHES WITH
EQUIPMENT

Open ditches with sloping sides' may be
excavated with a. grader, dozer, scraper,
power sho ''el, or dragline, depending on the
size t)f the ditch and the prevailing working
'conditions. Narrow trenches or ditches with
vertical sides normally ar excavated with a
ditcher if the soil is practi y free of stone,
boulders, or hard stratifie material. This
maclline makes better pro ess if it travels
downgrade while digging, but if water will

a"cctulate in the trench'Chiring construction
the trench must be excavated uphill to avoid
working in water.

4. SIDE DITCH' S

Water draining from the roadbed surface
is, collected into side ditches for disposal.
These side ditches generally serve to collect
water from a considerable area adjacent to
the road. They should be of adequate size
to ,accommodate the runoff both from the
'roadbed and from suchl adjacent areas. Side

4--1
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ditches are a potential danger to*trafilc. 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-sectional area
should be obtained by constructing a broad
shallow trapezoidal ditch. This type of ditch
has a large capacity. Its minimum depth-
below the edge of the shoulder should be
feet. e cons etion and maintenance of
trapezoi dit hes with narrow bottom
widths (less than grader or scraper width)
is difficult, and may have to be done by brand.
For flows up-to 70 cfs, the V-ditch is prob-
ably more easily constructed and maintained.
Side slopes should not be greater than 11/2
to 1 in cohesive soil, and 3 to 1 in, sandy or
loamy soils. When possible, ditches shotild
deep enough to lower the ground-water.table
under the road to belove.the subgrade
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 facilitate mowing and
operations incidental to mainterancd.,,Ditches
with comparatively flat side slopes niust be
protected against indiscriminate crossing of
these ditches by 'vehicles. The longitudinal
grade of the ditch must be great enough 'to

' provide free flow of water along the ditch,
with veldcities that are "self-cleaning". but
do not cause erosion. To prey'ent the flow
from standing in low places and seeping into
the grdund, a minimum grade of 0:5 percent
should be maintained. The maximum grade'.
depends upon the erosive, tendencies of the
soil in question. Soils with it 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, induced by large vd1-
umes of water, may require erosion control. .

4-3. EROSION CONTROL

Erosion control is not, only required °-

avoid possible hazards to Moving trafil , ut
also to maintain an effective and clear drain-
age system with a minimum of maintenance.4 P

Erosion may occur 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. Mcist 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 to dissipate the energy ofoverland
flow' in nonuse areas. A terrace consists of
a low, broad-based earth levee consteucted
approximately parallel to the contours, and
designed to intercept and hold the water until
it infiltrates into the soil or conduct it as
overlan" d flow to a suitable discharge point.
Tables of -vertical spacing and gradients of

. terraces are given in TM 5-330. Plans and the
design of terraces are also adequately cov-
ered in this reference.

b. Turfing; check dams, placing rip p,
and spreading rubble are control methods
designed to cause turbulence and increase
the retardance in, order to dissipate the
energy of flow in channels, ditches, and pipe
cutfalLs. Ditches are often protected ,by
placing strips of sod held in place by wooden
boards or stakes perpendicular to the path
of flow at,intervalssalong a ditch.

-c. Selection of the proper- percent of
slope for the typo of materials contained In
Cuts and fills is a method control based on
design. Paving with asphalt or Concrete may
be used to'provide an erosion-resistant sur-
face in_ gutters, ditches, sand pipe outfalls,
and Is usually required in ditches on grades
in excess ,of 5 Perdent.. Paving is not gener-
ally recommended because it is expensive
and the w4te4 still has erosive energy which
must be controlled at some point farther
along the system.
. ,

4-4 CHECK- DAMS

On etclehill cuts and steep` grades, check
dams are plaoed in side. ditches to slow the
water and prevent erosiok. Check dams are
not used when the grade exceeds' 5 percent

' because this would require placing the dams
"too close together. In such cases, side ditches

4
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t
should be paved with bouldefs, or timbers.
Also, if orosioaris a major probledp as in
sand cuts, lined ditches are better than
check dams. ei

a. Spacing. Check, e st ace d
close enough' to produce about a 40 or 50'6-1
slope. The drop for.the click data should be
at least 1 foot and not more /than 3 feet.
Aprons to prevent scour on the downstream
side of the cheek dam should extend approki-
mately,3 fe& for each foot of vertical drop
betwefin the bottom of theoweir notch and the
top of the apron. 4frhe formula for computing
the space or distance between dams is as fol-
lows:

100 x H
S 7- , in which

A - B
S = distance between check datalin

feet ,

H = height of drop in feet for each
check dam,

A = original slope of water in ditch
in percent

B = final slope of water in ditch in
,percent

F:gure4-1. Check darn spacing.

GROt OF CENTERLINE
OF

F P

Wt. .200.1

viAT

10

R RFC

SP &CING IN FEET

Figiire 4-2. Method of computing check dam
spacing.

$
100 x 1 100 = 50 ft.

3 1 2.

Number of dams required =
,550

1 -A1
50

To locate the dams on the gr3und divide the The 11 darns will take up ii feet of the differ-
length of the ditch by the spacing. The first ence in. elevation of the ditch. 550 x .03 =
dam is always at the bottom of the adverse 16.5 feet total drop in the ditch.
grade. For example, supposp you want to
reduce the slope of an existing 550-foot ditch
from 3 percent to 1 percent with check dams.
The check dams axe to have 1 foot of drop .550
per dam. See figures 4-land 4-? and table 4-1. ditch

16.5 - 11 = 5.5 feet
5.5 x 100 = 1 percent final slope of

TABLE 4-1. Spacifsig of Check Dams
.

.1
Difference
in slope (A B) in
percent

Values of H. in feet

1 1% 2% 3

1 200 300 400 500 600

1 100 150 200 250 300

11/2 67 .11°° 133 167 200

50 100 125 150

21/2 40 80 100 120

3 33 67 83 100

31/2 29 43 57 71 86,

st.
4 25 as 50 63 75

41/2
44

4 56 67

4 3
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b. Weir notch.' The weir ;,notch is the
discharge slot at the top of the check dam.
The depth, of flow may be assumed and the
length of the slot then calculated by the
formula Q = CLH3'2, or the length of slot
may be assumed and the depth of flow then
calculated by theisarne formula. The slot is
always constructed Y2 foot deeper than the
depth °flow as a safety factor (fig 4-3).

Figure 4-3. Weir notch.

Q = cup/2
Q = peak rate of runoff through

ditch in cfs

C = 3 (a constant)
L =e-length of weir notch. in feet

H = depth of flow through notch in
. feet

Example, of weir flow

4 = CLH3/2

Given: ,

Q = 5 efs,
C = 3
L 2-ft

Therefote:

5 .= 3 (H3/2)

'Fro: 5 =" 0.833

H 0.885

Add .5 feet for a safety fabtor
k.

= 0.885 0.5 = 0,.385 feet :

a. Construction. Check dams may be
constructed of timber, sandbags, concrete,
rock, orsimilar materials.. They must extend r
at least 24 inches into the sides and bottom
of the ditch. The height of top of ditch ahoy(

top of.check dam should be at, least 12 inches.
side slopes of the djtch above and immedi-
ately below check' dams will require protec-
tion from erosion. An apron must be, pro-
vided to prevent scou'ring. The weir notch
must have a large enough capacity to dis-,
charge the anticipated runoff, or water will
back up and start cutting around the edges
Of the check darn. Typical check dam con:.
struction is illustrated in figure 4-4. '

2

ROAD, 4

Lr";:;

a

' LC!.
s_

t

?el
11

L

APRON

ti
. .

Figure 4-4. Check dam construction.
i

4-5. DROP INLETS
-,

Situations calling for the use of drop inlets-
may arise when the runoff from a surfp:c,
are4, such as an apron for aircraft or 9/stor-
age area, is too large to; continue without

. interagption before it leaves the area. Usually =

1the area is graded so that the . water is di-
rected toward a shallow ditch where it is
intercepted by grate heads .(fig '4-5) which
allow it to drop into underground pipes. The
capacity of the grate depen upon the depth
of water over the grate (hea ). Depending on
the head, the orifice form a or the weir
formula is used to determine the discharge of
the grate (see table 4-2).\ A safety factor of
2.0 should be used for rfed areas where
grass cuttings or 'other'debris may coilect in
the grating. For paved areas, a safety factor

. of 1.5 shOuld be used.

,
-.;
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TABLE 4 -2. Discharge Capacities ofSquaredfate Inlets ii Cubic Feet Second

4

OP.

Grate
Size,

Inchee

Grate
DpenipE.

Sq.Ft. 0.2 0.4
. ,

0.6 0.8 1.0

'Head of Water ontGrate, Feet .

. 1.2 '1.4 1.6 1.8. 2.0 3.0 4.0 5.0 6'.0 7.0 ..0

.

.

9.0 10.0'

6x6

9x9

12x12

15).i15

18x18

21x21

24x24

30x30

36x36

4/x42

48x48

0.12

0.28

0.50,

0.78

-1.12

1.53 ,

2.00

3.12

4.50

6.12

8.00

0.3

0.7

0.4

1.0

1.7

2.7

3.8

5.2

0.5

1.2.``1.4

2.1

3.2

4.71.

6.4

8.3

13.0

0.6

24'4.2,7

3.8
,

5.4

7.4

9.6

15.0

21.6

29.4

0.7

1.5

.4.2

6.0

8.2

10.7

16.8

24.7

31'.9

43.0

0.7

1.7

2.9

4.6

6,6

9.0

'11.8

16.1

20.5

-

36:9

47.1

-0.8

1.6'

3.2

5.P

7.1

9.7

12.7

19.9

28.6

38.9

50.8

0.8.

1.9

3.4

5.3

7.6
,

10.4

13.6

2.1.2

30.6

41.6

54.3

0.9

2.0-

3.6

5.6

8.1

0

11.0

14.4

22.5

32.4

44.1

57.6

0.9

2.1

3.8

5.9

.8.5

11.6

15.2

23.7

34.2

46.5

60.8

1.2

2.6

4.7

7.3

10.5

14.2'

18.6

29.1

41.9,

57.0

74.4

1.3

3.0

.5.4

8.4,

'12.1

16.4-

21.5

33.8/

\484

.65':9

85.9

1.5 1.6

3.4 3.7

6.0 6.6

9.4 10.3
- i

13.5..14.8

18.4 20.1

24.0.26.3

37.5 41.1

54.6 59.i

73.4 80.9

96.0 105.2

1.8

4.0

.7.10

11%1

16.0

21.8

28.4

.44.4

63.9

87.0

113.7

1.9

4.3

7.11

11.9

17.1

23.3,

36.4,

47.5

68:3

93:0.

121.5

. 2.0 2.1

4.5 4.8

8.1' 8.5

12.6 13.3

18.1 19.1

24.7 -26.0-

32:2 34.0

50.3 53.1

72.5 76.4

98.7 104.0

228.9135.9

1.1

1.3

116

1.9

2.2

2.7

3.2

3.8

4.3

6.1

7.6

9.1

10.6

12.1

16.7

19.5

22.3- 34.3

, 4

NOTES: '.1. Values to left of HEAVY-line were ca1culated'from the weir formula: 4... 31H3/2,1, Perimeter

2. Values to right of HEAVY line were calculated from the orifice:formula: Q,15:37AH1/2, A Grate Opening

3. Clear opening between grate bars wastaken to be 50% of toi.al grate area. , *"

4. Estimated off should. be increased 50% 1,07.fed areas.

5. Estimated runoff'should be increased 100% in-turfed areas.
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(1)
Example:

Given: Q = 9.0. cfs
1-Iesidu = 1.2 ft

What size-grate would you use if the drain-
age area is turfed?

*

Solution: Since the drainage area isturfed-,-,
a Safety factor of 2 should be used. The
grate should be capable Of discharging 2
x 9.0 or 18 cfs. Froth Table -4-2, a 30- by
30-inch grate (Q = 18.4 cfs)--yriith a grate
opening of 3.12-sq ft would be satisfactory.
If the area were paved, a safety factor of'
1.5 would be used. This would require a
grate with a discharge, of 1.5 x 4.0 or 13.5'
'cfs. A,30- by 30-inch gratewould still 'be
required since the next smaller size does
nOt have sufficient capacity"

=

a. Alinement. Culverts, are placed in
natural :drainage channels (fig .4-6) unless
such installations would require an unusually
long culvert or produce a sharp bend in the
'channel on the upstream side. Alinement is
generally' not' chl.nged where-the angle be-
tween the stream and the embankment is 450.
or, more. If b. meandering stream. is encoun-
tered, the culvert should installed at the
best possible location and the stream channel,
straightened as necessary (fig 4-6). Where

DAM I

_ - MID CHANNElc 7**14,r1,

NEW OWNS.
IDIG

1 IT
*6

SHIFTING GIANNI" TO P110001 AUGHAWG

USE LONOU CULVERT
*4 NATURAL CHARM

0

Figure 4-5. Grate heads.

-
MO AMNON/a 0000 NJOHMINT

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, tp allow a more direct entrance
of water ixfto the culvert (fig 4-7).

b. Elevation. At the inlet the 'bottom
the culvert is placid on or below, but nof

4-6.. CULVERT PLACEMENT ally above, the streambed. It is possible
t to put the culvert above streambed elevation

Culvert placement includes alinement, ele- if the culvert must carry high flows and a
vat ion, slope, spacing, foundation, backfill, small amount of ponding is permissible. If
and cover. - this is done, care must be taken to prevent

4 6



.1.

orrai-REUEF CULVERTS
0

Spacing a ditch - relief culvert.

embankment-svaturation or seepage along the
side of the culvert. Filling under a culvert to
bring it to grade should be avoided. If nec-
essary, place the inlet of the culvert below
the natural streambed and useldrop inlets or

'headwalls Drop inlets require periodic re-
moval of' acouthulateil 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
ma3 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-ii extendid be-
yond the fill .(fig 4-8)

or.w/V/MCv/

Figure 4-8. Culvert extended 'Impala fill to
prevent erosion.

e,
c. Slope. Normally, culverts are placed

on the same, slope as the natural/and arti-
ficial drainage channels which discharge into
them. It is generally desirable to use slopeS
from 2. to 4 percent. However, in extrem'e
cases, where the fall of the lan$1 requires it,

percentsloye may be used as ,the' abso-
-lAte 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 logs than 2.5 feet per sec-
ond to avoidisedimentation. Changes in the
slope of the culvert should be avoided, but
when chafiges are ,unavoidable, the culvert
should be designed so that the set)ggi slope
is at the outlet end, Where th 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-
don is reached: In digging culvert ditches
or Installing culverts to slope, a reference

culvert tetrline, long stakes are driven
string c used., On a continuation of the

about 1 f5ot outside the inlet and outlet ends
oivthe culvert. These stakes .are marked at
a given distance above, the inlet and outlet
ends of the culvert and a string is stretclecr
between these marks (fig 4-9).

d. Spacing. Culveifts 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-percent 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 diameter of the pipe (fig 4-10).

e. Foundation. Culverts are. construc-
ted on a firm,'well- compacted soil foundation,
except. that box or arch culverts may be..
placed on rock foundation when suitable rock
is encountered. The folmdatioliisairvays s
shaped to fit, or bed, one-fourth of the out-
side circumference of the pipe (fig 440). In
addition, fotmdatiori:s- for pipe culverts are
generally cambered, or convexed upward

7 1
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STREAM LINE

1/4

f

REFERENCE STRING
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GRADE OFJPROPOSEDCULVERTd

44

A

3!

FIRST POSITION OF REFERENCk SECOND POSITION OF REFERENCE
STRING (LEVEL} STRING (2: GRADE)

STREAM, LINE

. GRADE OF PROPOSED CULVERT

Figure 4-9. Establishing grade of culvert with iefertwe string.

along the culvert centerline to correct for
expected settlement and to insure tightness
in the lower half of the joints. Sonietimes
,cradles are built, (for rigid pipe only) to pro-
vide 'proper support and to avoid uneven
settlement. 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 point sup-
Ports leading to excessive defection of the
pipe and subsequent failure. The majority
of flexible pipe failures are the result of in-
adequate compaction procedures. If thdfoun-
dation is adeduately -compact4 a slight de-
ilectioniof the flexible pipe will increase the
suppoig power of the surrounding soil. If,
however, the foundation material around the
culvert contains voids or is otherwise not
properly compacted, a slight defetion of the

flexible pipe will not result in ttaufficiently
increased- supporting pressure from the foun-
dation. Hence, t1 pipe (-must deflect still
further to gain some support' since 'thefoun-
dation material is the primary source of
strength or' support for a flexible pipe. This
resultant increase in deflection will ultimately
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
Culverts.

f. Backfill. Dirt is backfilled and tamped
by hand or with a mechanical tamper to
one-half the culvert depth* or to a depth
sufficient to hold the culvert in place. Thd
,backfill is t completed with bulldozers and
. other equip ut, but tamping is done by

4 S
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14.12. 01.4 D

Figure 4-10. Bedding culberts during
installations. f

hand or with a mechanical tamper to at least
12 inches above the culvert.

g. Cover. Culverts other than pipe
should Mille a minimum of, 12 inches (pref-
erably.18 inches* of cover. Corrugated metal
pipe (CMP) culverts, used in roads, should
have a minimum cover of 18 inches or one-
half the diameter of the pipe, whichever is
larger. Cover for Airfield 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

Twq.principal considerations in culvert de-
sign alTe:

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
prevent earth from being worked into them
from/the fill and also to prevent the roadbed
or embahluteit from being scoured loy the
water as it leaves the culvert (figs 4-8 and

the point where thetill slope meets the grouhd
or streambed level. In some instances, such

I as on steep grades, excessive lengths can be
avoided by placing the outlet _above the toe
of fill ,or b.bove the stream level. For a cut-,
section, the normal length would be equal to ;s
the distance from the bottom of the ditch
on the upstream tsiae to the bottom of the
'ditch on the outlet side. To minimize scour
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
inchei for lengths over 30 feet. Sm9.11 pipes

4-11). Usually, culvetts should 'be long
enough to extend completely through fills to
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V.,- 1111Noksy

\\!!. **Apia Sppo,
--Ayr !..

I .1

SHPCRU ID CUWERT

5.1%1M tumm. 1\16, %%a,

tif,kriStIT TIMM CAPACITY

'..1)))))))) )) V _

74IAUZ.-DAY WASHY° AWAY " .R°A°NICIPP1
7

01
V

Figure 4-11.
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clog easily_ and are difficult to maintain. If

lieadwalls are used, the length of the
culvert may be shortened, but it usually
takes less time, labor, and materials to build
lOnger culverts without headwalls.

b. Strength. The culvert must be strong
enoui to carry the, weight+of the fill-above
it -plus the weight of live loads that pass
over the road, as illustrated in figure 4-11.
Culverts are constructed 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.

48. STRUTTING NESTABLE CORRUGATED
METAL PIPE (CMP)

Nestable culvert piite-mhould be strutted
after assembly and before backfilling. Strut:
tine is used to give the pipe an oval shape
with the long axits'of the oval in the vertical
plane before it is backfilled. After backfill-

, ing has been completed, the strutting -is re-
moved. As the backffil is further compacted
by the pressure of the pipe and loads on the
pipe, the pipe again'becomes circular in shape:

CP

.

a. Size and plicement of struts and
sills. The strutting, menkbers consist of one

4 lower sill, two upper sills, vertical struts -
and, ;usually,. compression caps. Jack struts
and bearing blocks are used -.in, pl4cing the
strutting members (fig 4-12): All mettbers
must be sound lumber. Struts and sills imust
be cutiquarely in order to set level and join
evenly. Compression' caps must be about 10
inches long, 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 cfm-
pression caps and the upper and lower sills.
Jack struts are shorter than vertical struts,
but long enough to accomplish the required
stretching_tvithin the lifting, range of the
jack. All joinisin tipper and lower pills must
Ile 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 4-3).

b. Spacing of struts: 'Spacing otstruts
in.various sizes of pipe under differenfd'epths
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, ands, maul.

TOP SILLS .

COMPRESSION CAP (TRANSVERSE)

00. :CJ Cn

a

CARPENTERS WEI.

1ACK STRUT

sax

I S-TON JACK

Figure 4-12.

BOTTOM SILL

{WINO BLOCKS

Details of strutting equipment and materials.
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Figure 4-13.
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COMPRESSION CAPS ----A.

LJ L
JOINT

PLAN OF UPPER SILLS

4

. ,

COMPRESSION CAPS
4" k 4" x 10"

3' TO 6' -

UPPER
SILLS 4"x4"

3' TO 6'
%;- .

LOWER,
4 "14"

ILL -

VERTICALL STRUTS;

JOINT

.... . ...
. ,

CULVERT PIPE .

LONGITUDINAL SECTION

NOTE: CULVERTS 60" TO 72" IN DETER
SHALL BE ELONGATED 2" ALONG THE VERTICAL
AXIS DIMENSION. CULVERTS,84" IN DIAMETER
SHOAL BE ELONGATED -

Strutting 4tagram shptving' end and longitudinar-views.'

TABLE 4-3. St;241 Spacing, Using 4- by
`Timbers With (Transverse Compression

4-Inch
Caps

Pipe
diameter
(Inches)

Fill heights In feet:

Up to 20 20-30 , 30-40

., Spacing of struts in feet

60. 6 6 ,, 5

.66. . 6 6 4.5

72 6 5 .. 4

78 6. 4.5 3.5

84 6 4- .. 3

c. Installation of strutting. Not lesp
than four-men must work together, proceed-
ing as follows:

(1) Distribute the prepared sills,.
struts, ands other members throughout the
entire length'of pipe as near as possible to
where they will be needed.

(2) Lay the bottom sills in their prop-
er position, with additional bearing blocks
aldngside to form bases for the jacks.

(3) Place the first jack on thebottom
sill just ahead (toward 'the opposite end of
the culvert) ot, vdttere the first vertical strut
will be placed. . -

(4) Place the second jack lust in back
of viliere the 'second vertical strut' will be
Placed.

r (5) Hold the"upper sills in place while
!piing jack struts op the jacks. Zise-a car-
penter's level to plupb all struts..

(6) Place a compression cap between
the jack strut and the upper sills.

(7) Apply pressure evenly on- loth
jacks.

(8) Insert the vertical strut and Coro"-
pression cap as soon as jack pressure, has
made enougliiroom for them to fit between
the,upper a M lower 'sills. Release the jack
pressure and remove jack, jack strut; and
compression, cap. Be careful. to prevent the

4 11
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'jacks from slipping-out of place while pres-

. sure is-being awned, and to keep the vertical
struts in alinement when releasing jack pres-
sure.

?

(9) Remove the first jack and place
it just ahead of the position Where the third
vertical strut will be placed.

(10) Set the third jack ,strnt, compres-
sion cap, and jack before removini the second

. jack and setting.np the fourth jackstrut.

(I.1) P.epeat this procedure for the full
length of,the culvert. .

,

4-9. HEADWALLS AND WINGWA

Headwalls and wingwalls are pe1nstructed
to prevent or control erosion, guide water
into the culvert, reduce seepage, and hold the

SECTION'
THROUGH PIPE

1.9

9/ i
Fl....., DIMENSION 'E 12" FOR STONE OR BRICK e FOR CONCRETE FOOTINGS STEPPED ON

DIMENSION F 80 FOR STONE OR BRICK `3" FOR CONCRETE SOLID ROCK
t

,
ends of the culvert in pla These structures
are expensive both as to e and materials.

,
consequently, on the a = end the pipe cul-
vert should be extended so that a minimum
height.s.n4 length of headwall are required.
.14..s a 'general rule, headwalls can be omitted
on the outlet end of 'pipe culverts except on'
steep grades, 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 not be a traffic hazard. If bead-
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
wingwalls should ordinarily be constructed of
materials as durable as the culvert, 141 sand-

I. bags or rubble may be used for temporary
installations. See figure 4-141/or dimensions

,

SINGLE
- .......

La L/2

l*S

SQUARE FOR'
STONE ',OR BRICK

ROUND 'FOR
CONCRETE

0 I 47 ,

2/

9/FOUNDATIONS . TO BE DE
, TO. REST' ON ADEQUATE MATERIAL

OR TO PROTECT AGAINST SCOUR

DOUBLE

L/2
,...

, L/2
I D

. 10j STONE OR BRICK 4. CONCRETE,,

r
0.21PPIPP-

rte..... 131

FOOTINGS STEPPED ON

SOLID ROCK

Figure 4-14. Typical concrete, brick, and stone-masonry headwalls.
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of typical concrete, brick-work, aid-stone-
masonry headwalls. Log or timber headwalls
or wingwalls may be used, as shown in figure
4-15. Timber headwalls and wingwalls are
similar to timber retaiping walls for bridge
abutments. For-walls fess 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-

/03
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 tliiclmess of headwall
tcmhich they are attachtd..The embankment

-side is inclined 2 inches for.each 12 inches of
height, but the outside faces are kept plumb.

.. VKA*.Allu
4-`-'-nrce44,

O) rum isuowAu. eav'

I/

...
#:

% ' > ,/ ,) e ,,.. ./ j .
CAM OR DRIVT/IN ....r / > .,fv 4"k tie'''
AU. LOGS TOCHTFUBI '

--ere 43-F-"
ill) 100 HEADWALL / 1 1 i -N ZF.4k

/, 6 4 \ I i. " k" *.. -.---

. t . . ..
-,..

.:\:*."
ItUAKEHEADWAULa....,

* f

"-:\
4._`

e .
Figure 445: Headwall., and drop inlets for culverts.

S.ction II. PONDING AND CULVERT DESIGN

4-10. 'REASONS FOR PONDING

'The rainfall section of lesson 1 stated that
military drainage structures are seldom, if
ever, designed to discharge the worst storm
on record. For this reason it may be as
stune 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

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-
ficiet ponding areas must be included in the
overall plan so that inundation of vital areas

4 13



,0 does not occur. In- this case, the excess, water
is merely stored until the intensity of the
storm decreases to the extent that the drains t,,#
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 shthild be made fox-ponding to take
plate in those- areas where inundations for
a period of time will not affect the opera-
tional duties of the installation.

4-11. PONDING SPEeIFICATIONS

The following specificatiOns are generally
followed in the design of ponding areas for
military installations.

a. The edge of 'ponding, aimas must be
at least 75 feet from the pavement edge.

b. The pond must be dreied before,
damaging infiltration of the subgrade can
occur. The actual time during which ponding
is allowable depends upon the condition and
type of soils found in the ponding area. Gen-
erilly:speaku% ig,' ails period will be..16.15Qut 4
hours after the storm begins for:most of the
soils .encountered in practice.

1 tA

4-12. PONDING-DESIGN ASSUMPTIONS

In .designing a ponding area, certain as-
sumptionstre made to simplify, the calcula-
tions and, at the same time, retain;l3atisfac-

, tor" accuracy. The following are ta assump-
tions generally made:

.

a. A 'culvert dikharges, at its design
capacity even ,before enough runoff has ,ac-
cumulated behind th pipe to produce a pond.

b. 2646 incre e in head because of pond-
Ilig does not - in ease the discharge capacity
of a culvert.

f

ti

4-13. PERMISSIBLE VOLUME

a. Volume of permissible ponding is
generally determined by the area available
for such ponding and the relative elevations
of ill," 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 the
may be selected that Will provide a ponding
area located a safe distance from the pav-
ment Ponding volumes may be computed
from the contour map by the "average end
area method", Mere the aver age of the
areas, in square feet-enclosed by twoad-

- jacent contour lines -is multiplied by the con-
tour interval in feet\

(A + B)
V x b, in which

2-

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
contours (contour interval)

b. As an.example of computing volume
for ponding, consider the contours shown_in
figure 4-16. 16has been determines 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 -foot con-
tour line encloses 25,0()0 square feet. The
664-fbot contour line encloses 10,000 square
feet. It should be nod that the contours
are concentric -77, the 66-foot contour line
area includes the area bounded by the 64-
foot contour line. Therefore:.

000 + 0Volume 62-64 = 10
' x 2 =

2
10,000 cu ft

25,000 + 10,000. . Volume 64-66 X2
.c. The length :of tlow As measured to ,...' 2

the middle or average-elevatioil contour ,of . = 35,000 cu ft
the maximurti ponding area atieled at any' .

_ ..i.,.time during the storm.

4.-714

'Total volume of the'poncling area 10,000
35,000 = 45,000 cu ft

19
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66

CULVERT TOP VIEW

O

CULVERT SIDE VIEW'

ELEV. 62.0

4

Figure 4-16. A ponding area: (See para 4-1.3b.)
- < 0

1 .tt
c. As a further example of the pompu-

II tation- of ponding volumes by the "average
end area method", consider figure 4-17. As-

, sume now that the ponding area is alloyed to
extend to the 68 -foot contour line and-deter-
mines the volume of the pond. Ther 68 -foot
contour line encloses a total area of 30,000
sq ft.

Therefore;

Volume 62-64 = 10,000 cu ft- (from pre-__

ceding example)

Volume 64-66 = 35,000 cu ft

30,000 + 25,000
Volume 66-68 =. 2 x

2
55,000 cu ft,

Therefore:

Total volume 9.vailai2e.for ponding will be
10,000 + 35,000 "4- 55,000 = 100,000 cu- ft

1.6% SLOPE

if the ponding area extends to the 68&
contour line.

4-14. RUNOFF CURVES

In order todeterroine the amount of water
an area will contribute to a pond, a cumula-
tive runoff curve must first be plotted. The
following example shows how such a curve

'is prepared.

a. Problem.

. (1) Given: The weighted equivalent
length of the area drained is found by the

-- Corps of 'Engineers' method (lesson 2A, para
2A-5) to be 100, feet. The design storm is
2.2 inches per hour. The area. drained-con-
sista 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.

(2) Required: Prepare a cumulative
runoff curve based on the data given,

4 -15
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68

CULVERT 'TOP VIEW

CULVERT)SIDE MEW

Figure' 4-17. A ponding area. (See paira 4 -13c.)

minutes equals 3.2 cfs per acre, and for 20
minutes equals 3.5 cfs per acre. For if rioet
of time 'greater than 80 minutes, the rate of
flow can be found from figure 1-5, lesson 1,
using the curve number corresponding to the
supply rate.

b. Tabulated data: All the data needed
plot a cumulatie runoff 'curve, is shoWn
table '4-4.. The method of preparing this

tabulation may best be shoym by explaining-.
how each, f its columns is compiled.

(1) Column 1 is a tabulation of time
in minutes. Any' similar combination of time
increments can be used as, long as enough

properly spaced points are obtained tk,plot
a smooth curve. The cumulative runoff curve
is constructed by plotting time in minutes
(col 1) against volume in cubic feet (col 8).

, (2) Column 2 Esti the rate of,flow per
acre that has been delivered to the pond
during the time intdriral shown in column 1.
In this case the desigtraorm was given as
2.2 inches per hour, he weighted supply
rate-is found to bil.93 inches per houi.. The
crosest supply curve is 2.0. Using the supply
curve number 2.0 (annex A-1 , the delivery
'rate for a 100-foot equivalent length for 10

6%- SLoPE

drained in acres.

(4) Column 4 is the rate of runoff (Q)
in .cfs fordthe entire interval of time shown
in cslumn 1 and is obtained by multiplying
columns 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-

(3) Column 3 is the size of the area

--16
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tained by multiplying coluinn 4 by column
5. For the first 10 minutes:

Column 6'= kolumn 4-1 (Column 5)

Column 6 ='' (66) (600) = 57,600 cu ft

After 20 minutes from the start of the rain-
fall have elapsed, the volume of water in the
pond would be equal to (105) (1,200) or 126,-
000 cu ft if no water was released from the
pond. *

c. Preparing the cumulative-runoff
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
curve for the data list.id is shown in figure
.4-18.

4-15. ANALYSIS OF THE CUMULATIVE RUNOFF

,CURVE
4Runoff curves, are analyied as follows:

a. Assume that safe ponding area
equals 100,000 Cu ft (hg 4-17), and' that a 36-
inch CMP culvert is installed at a 1.6 percent
slope.

b. From Annex A4, a 36-inch CMP
culvert at 1.6 percent slope discharges 40 cis.

/07.
The assumption is made that the pipe always
discharges at rated capacity; therefore the.
cumulative volume discharged by the pipe is
a straight-line function. Hence, determine.
the volume 'that the pipe will discharge is
any tithe interval and plot this cumulative
discharge- volume on the -cumulative runoff
graph. Connect this point to-the origin withi
a'straight line. For example, the-36-inch pipe
discharges at .the rate of 40 cfs. In 100
minutes, the pipe will pass, (40) (6,000) =
240,000 ci ft. This .point is plotted on figure
4-18 and a straight line is drawn from the ori-
gin through this point }until it intersects the
cumulative-runoff curve. Tills cumulative-
discharge-volume line intersects the cumula-
tive runoff curve at about 104 minutes. At
104 minutes, 250,000 cubic feet orwater 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 condition is
no longer present.

c. Now it is known, how long the pond
?will exist behind the inlkt,' The next item to
Cover should be the determination of whether
or not the ponding area is large enough. If
figure 4-18 is referred to again, it will be seen

4
TABLE 4-4. Tabulation of Cumulative -Run Data

(1) (2) (3) (4) (5) (6)

Time
(min) Q/A . A Q

(cis)
Time

"(sec)
Xolume
(ctt ft)

10- 3.2 96 600 57,600

20. 3.5 30 105 1,200 126,600

30 3.0' 30 90 00 .162,000

40: 2.7 030 81 2,400 194,000-

50 2.3 30 69 3,000 207,000

60 2.0 30 60 3,00 216,000

90

"i 120

180

1.5

1.2

0.9

30

3d

30

45

36

27

-5,400

7,200

10,800

243,000

2591:292,

4 17
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that th greatest vertical distance between
the c ulative runoff curve and the cumula:-.
tive -.i charge-volume line is shown by the
lin P. The line P- represents the maximum
v ume of water that has ponded behind the

vert. If the same _vertical scale is used
m measuring this line P, it will be seen that
the ms.ximum ponding volume will be 96,000
cubic feet. At 39 minutes, the, cumulative

e 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 092,000 cu ft) and the quantity dis-
charged' (93,600 cu ft), or 98,400 cubic feet
must still be in the pond. in view of thefact
that our safaponding volume is 100,000 cubic
feet as shown in figure 447, the 36-inch CMP
is satisfactory.

4-16. ALWANTAGES OF PONDING

In general, ponding will prove useful 113
an economy measure or as, an added safe-
guard against the. effects of 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 re4fle,p-
nients of the design stotni, but should have
enough reserve capacity to .take care of
storms of greater than design intensity.- Fa-

tcilities for ponding should be coupled with the
'initial grading operations, if possible, to se-
cure the most'efficient use of the men and
machinery involved.

4-17. CULVERT TYPES

CMB, concrete pipe, box culverts, and im-
prgvised pipe culverts are the main types of
curverts used in the theater of operations.

,a

a. -CMP.: :Corrugated metal pipe is the
'most commdzi Piga material used for culverts

' in the theatet of operations. CMP a stand-
`ard itemsstik in.sizes from 12-indh to 48-
inch diamitek in 6-inch incrernents plus 60-,

.inch and .7-i,nth diameters. Pipe culVerta are
g,e,nuno4used to provide openings up to 28
atjnare feet (72-inch diameter), and multiple
pipes May be limed to provide larger, openings.

b. Concrete pipe. Conctete pipe is a
:common 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 caikity
than CMP; however, its greater weight and

.greater discharge velocity are factors which
should be considered in choosing pipes for a
culvert.

c. 'Box culverts. Box culverts of tim-
ber, logs, or concrete are often constructed
when standard pipes cannotTlie obtained. Box
culverts are used toiirovide waterway open-
ings from 12 to 144 square feet, and multiple
boxes may be used for larger owning&

. d. Improvised pipe culverts..Improvised
pipe, such as. 55-gallon oil drums (23-inch
diaxeeterwelded'end to end or civilian water
or sewer plIpes, where readily available, often
save time and transportation ,if used as I a
culvert. These materials should be checked
for load-bearing capacity. lit,

4-18. CULVERT HYDRAULIC-DESIGN PRINCIPLES

The discharge capaity (Q) of a given cul-
vert is controlled by 'one or more of the fol-

slowing 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 thee?evatio&ef.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
culverti on ,steep Slopes, by smooth-transi-
tion type of inlet.

4--19
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a. Culvert Inlet water elevation. For

roads, airfields, and -railroads where exten-
sive pionding at the inlets of culvert is not
'desirable, culverts are usually designed to
'utilize the smallest size and least number of
available pipes that have a total discharge
capacity sufficiept 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 .

e

b. Culvert hydraulic gradient. The hy-
draulic gradient or slope (S) of a culvert is
one of the more important controls of culvert
discharge capacity. For culverts that are de-
signed to avoid pond* and are unsubmeiged
at the inlet and outlet, the hydraulic gradient
can' be assumed or equal to the longitudinal
slope of the culvert The hydratilic gradient
(S) for any culvert can be satisfactorily esti-
mated as the slope in feet per foot that is
calculated by, dividing /tile head (H) on, a
culvert by the length (L) of the culvert

(S = ). Head is the difference in eleiration
L

between: (a) each end of a culvert if the
inlet and outlet are not submerged; (b) the

TABLE 4-5. Roughness

water surface directly above the inlet and the
top of the outlet if the inlet is submerged
and the outlet is not submerged; and (c) the
watet;,surf ace directly above the inlet and the
water surface direotly above the outlet if both
the inlet and outlet are sUbmerged. The head
and hydraulic gradient are illustrated in
figure 4-19:

*-4

c. Critical slope. For a given size (A)
of culvert and a given head. (H) on the cul-
vert, the discharge capacity of a etilvert will
increase as the hydraulic gradient increases,
until the ,hydraulic gradient, becomes 'equal
to or greater than the critical slope (Se). As
the hydraulic gradient is increased beyond
critical slope, the discharge of culvert remains
constant, the area decreases since the pipe
does not flow full, 'and the velocity of flow in
the culVert increases by V = Q/A:. Critical
slope is the minimum slope of the hydraulic
gradient that will permit maximum discharge.
Culverts should be designed to have hydraulic
gradients about equal to critical slope when
ever possible. Equations for approximating
the critical slope for culverts and Manning's
"n" for various types of pipe' are given in
table 4-5.

Coefficients and Equations for--Approximate'olitieca Slope for Pipe Culverts

Type of culvert
Manning's
rotighnitaly
coefficient

( n)

. . , , tquation; for appfloxi-
. mate critical,,erope

In percent
(Se)

Corrugated metal pipe or pipe arch 0. 4 = 2.6e/D"3

25% asphalt paved 0.021 5 5, = 2.04/V13

50% asphalt payed 0.018 5, = 1.65/D"3

100% asphalt paved 0.013 , 5, = 0.79/D"3
A

Concrete pipe or box 0.013 5, = 0.79 /D"3

,Vitrified' clay pipe, 0.013 1?, . 5,.= 0.79/D"3
Clean cast-iron pipe 0.013 5, = 0.79/D1/3

Smooth steel pipe 0.011 t' 5, .=,0.56/D113

Planned-wood. pipe 0.012 Se =": 0.68/D"3

Rough-lumber pipe 0.013 5,1= 0.79/Du3

NOTE: To determine critical eloPe 'in percent, use the pipe diameter in feet.

4 -20
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(a) INLET AND OUTLET UNSUBMERGED.

(b) LET SUBMERGED AND OUTLET UNSUBMERGE-D.,

Sc) INLET AND OUTLET SUBMERGED.

///

Si = /L

S2 - H2 /L

S3 = H3 /L

t s4 = NIL\
= HEAD ON

GRATE

'DROP INLET CULVERT INLET SUBMERGED AND OUTLET UNSUBMERGED.

Figure 4-19. Culvert hydaaulic gradietit (B) aid head (H).
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d. Calvert outlet water elevation.
Wherlaever possible, culverts should be de-
signedto have a "free" or unsubmerged out
let since a submerged outlet tends to restrict
the flow of water through the culvert and re-
sult in ponding at the inlet. To insure a "free"
outlet, the end Of the culvert outlet should
be placed at or above the exp ted elevation
of the tailwater surface* in th el at
the culvert outlet

4-19. CULVERT- DESIGN PROCEDURE

a. Determine the maximum rate of run-
off (Q.) that the culvert must drain.

b. Determine the maximum permissible
discharge velocity (V.) from table 4-6, or
annex A-3.

s.

TABLE 4-6. Maximum Permissible Velocities
(V,a,)

Ditch lining 'Irma:
(In fps)

Concrete or bituminous

Grouted riprap, hand placed

Ungrouted riprap, hand placed

Natural earth, no vegetation

20

15

10

Uniform sand 1 - 2
Well-graded sand 1 - 2
Silty sand 2 - 3

f Clays 3 - 5 -
Gravel 5 - 8

Natural earth with vegetation
Average turf

Erosion-resistant soil. 4 - 5
Easily' eroded soil 3 - 4

Dense turf
ErosiOn-resistant soil 6
Easily eroded soil 5"-

c. 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

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 available.

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 (%). Calculate
ale number of pipes required (number =
Q/Qp),

(2) Other types of pipe culverts with
inlet lounsubmerged. 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
tie 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 andi
designing a box culvert of the same material
as the pipe and with the same cross - section
area.

(4) Culverts with a submerged inlet.
Determine the size of pipe, pipes, or box cul-
vert required to drain in the case-of ponding.

h. Determine graphically, or mathema-
deadly 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 -22
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REVIEW EXERCISES

Noth:- The following. exercises are study
aids. The figures following each question re-
fer to a paragraph containing informed&
related to the question. Write your answer
in thei space below the question. Whezi you
have ed answering all the questions for

lesson, compare yoUr answers with those
given in the back of this booklet. Do not send
in your solutions to these review exercises.

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 while traveling upgrade?
(4-1) vtit

2. To prevent water from standing
in a drainage ditch and 'seeping into the
ground, what minimum grade should
be maintained? (4-2)

3. For. soil erosion to occur due
to flowing-meter, vkat condition must
exist between the soil and water? (4-3)

4 -23
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4. Check dams should not be em-
ployed to prevent erosion in drainage
ditches when the grade of the ditch s,

exceeds what percent slope? (4-4)

S. What is the minimum
apron you should, construct oe
dowrisfream side of a check darn if the
vertical drop between the bottom of the
weir notch and the top of the apron is
3 feet? (4-4a)

6. What. should be the distance
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)

7. In designing the weir notch for
a check dam, what safety measure is
taken? (4-4b)'

/
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8. A weir is to - be placed in a

drainage ditch carrying a flow of 8 cfs.
The length' of the weir notch is to be
2% feet. Using the forinula Q = CLI13.12
and a constant of 3,. find the depth of
Water flow ih the weir notch. (4-4b1'

9. The capacity of a specific grate
is dependent upon what factor? (4-5)

10. What capacity in cfs would a
24" x 24" grate have under a 1.4 ft
head of water? (4-5, table 4-2)

11. At what angle to the centerline
of the road should you place a ditch-
relief -culvert if ihe road is on a sidehill
cut and steeply graded? (4-6a)

12. Why is it generally desirable to
plabe the bottom of the outlet end of a
culveit at the elevation of the surface of
a stream rather than below the surface ?
(4-6b)

13. If possible, culvert slope should
be kept the samethroughout its length. t
If it44,necessary to change the slope,
where should the steepest sloping sec-
tion be locat (4-6o)

14. When multiple -pipe culverts are
installed what is the minimum distance _
they must be separated? (4.6d)

4 -24

15. In the preparation of the foun-
dation for a pipe culvert; why is it good
practic&fo convex the foundation up-
ward along' the culvert centerline?
(4-6e),

122 -9
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In backfilling a culvert, the fill
material must be hand or mechanically
tamped to what elevation? (4-61)

4 14".

.

17. What is the minimum amount
of cover required over a corrugated

pipe culvert, used in a road?
S.

18. For a cut section the length of
culvert required is normally found by
measuring the distance between what
two points? (4-7a)

19. What iinimum diameter pipe
should be used if the length of-culvert
required is over 30 feet? (4-7a)

20. 1n determining the strength pfp,
culvert required,, what loddi3 must fig
considered? (47b)

4

i

1/5"
21. What is the p&p oselOr strut-

nestable corrugated metal pipe be-
-, fore iiackfilling? -(4-8)

22. When strutting a 72" diameter
culvert, how much elongation should
you allow for? 44-8a, fig 4-13).

W. Using 4" x 4" timbers ,wliat
strut spacing would you use for a 60"
diameter culvert 'under a 25 ft fill?
(4-8b, .table 4-3)

24. What are the four functions of
headwalls and wingwalLs ? (4-9)

c

4 25

25. What general rule do military
installation's follow in regard to nuking
provisions for ponding by storm water?
.(4 -10)
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26. In a certain area,At is found
that ponding is permissiblebetween the
60 and 65 foot contour lines. By use of

a planiineter it is-found that the 60 foot--
contour encloses 10,000 sq ft and the
65 foot Contour encloses 50,000 sq ft.
How many cubic 'feet of water can be
ponded in that area? (4-13a, b)

4

4

27. What is the purpose of prepar-
ing a tabulation of cumulative-run data

such as shownin table 4-4? (4 -14b)

r%
4.

4

28. What is the purpose for prepar-
ing a cumulative runoff curve? (4-14)

.

29. If, on the same graph you plot
a cumulativechinoff curve, and also plot
the cumulative discharge through the
drainage pipe, what is significant about
the point- ;where these two lines inter-
sect? (4-15b)

4

30,, On the graph described for ex-
ercise 29, how can you determine the
maximum amount of water that will 4

be in-thepond duringthe selected
storm? (4-15c)

31. One of the advantages of pond-
ing is economy in that it permits the
use of smaller drainage pipes. What
type of drainage area is particularly
suitable to ponding for economic rea-
sons? (4-16) ,

32. What is the most common pipe
material used for culverts in the theater
of operations? (4-17 a)

33. .,What rule should you follow in
designing culverts for roads and air-
fields where extensive ponding at the
culvert inlet is undesirable? (4-18a)

24. Define the "head" on a culvert
under conditions of the inlet being sub-
merged and the outlet not submerged.
(4-18b)

124

I

35. Define the "critical slope! for
a culvert. (4-18c)
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LESSON 5

SUBSURFACE DRAINAGE'
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A.

Attached memorandum.

Charts 1 and 2.

To teach you to recognize and correct condi-
tions that require subsurface drainage.

Review paragraphs 1-1,4 through 1.11, les-
son 1. Read the attached memorandum
through rapidly to obtain a knowledge of
its scope. Then read it-through carefully,
underlining the important points and ob-
jectives. Read the..roOew questions at the
-end of the lesson. Study the lesson, search.:

_ing for answers to the review questions,
and write your answers in the spaces pto-

. videci. Finally, check your answers with
the answers given for this lesson at the
back of this booklet. ReviewOs necessary.
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ATTACHED MEMORANDUM

5-1. SUBSURFACE-DRAINAGE JITERIA

When surface failures show that the sub-
turface drainage, is inadequate, it becomes
necessaryto determine whether or not a sub,
surface drainage system Js necessary,, and if
so, what type to install. Generally speaking,
subsurface drainage may be divided into three
classes:

a. Base dra inage generally consists of
subsurface drain pipes laid ,parallel anti 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

b

to the bottom of the base icourse as a result
of natural conditions or from ponding of

. surface runoff. At locations where the pave-
ment niay becorne temporarily inundated and
there is little:possibility of the water draining
from 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 required at the low point of
longitudinal grades in excess of 2 'percent
where the subgrade coefficient of pernieability
is less than 1 x 10 -3 ft/min. The coefficient
of permeability is a property the 'soil and
is defined as the discharge velopity at a unit
hydraulic gradient. This value is determined
experimentally, either by laboratory test or-
by an actual field test of ttie soil involved. It
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BASE- COURSE
COMPACTED

-FILTER
MATERIAL

TOP OF SUBGRADE

(A) ONE GRADATION OF FILTER MATERIAL
,z

TURF

II

COMPACTED FINE
FILTER MATERIAL

6"

:

6"

_16" `"''
MIN. DIS. PAVEMENT

BASE COURSE

COMPACTED COARSE
FILTER MATERIAL

TOP OF SUBGRADE
-MIN. 12".

IS

6" DRAIN PIPE.

AO -TWO ::ORADAT1ONS OF 'FILTER MATERIAL

Figure 5-1. Topical section y base-drain installation.,
:Lt
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is expressed in units Of velocity such as feet
per minute (ft/Min) or centimeters per second
(cm /sec) and varlei from 197 x 10 ft/rain
for gravel and gravel-sand mixtures to 197 x
10 49 ft /min for silts and clayl.

TAFiLE 5-1. Base Drainage Required if Subgrade
.Coeffloient of Permeability is Smaller Than

Stated Feet Per Minute and Inundation May
()tour

Depth to groind Coefficient of permeability
water (ft) . less than:

Less than 8 1 X 10 -3 ft/min
From 8 to -25 I X, 10 eft /min
Over 25 X i -7 ft/min

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. Figure

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 similar to base drains, have a larger
area of filter material in contact with.. the
subgrade.

c. Intercepting Jrainage 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.

TURF

ORIGINAL GROUND
WATER LEVEL

k

5-2. DRAINAGE TECHNIQUES

There are various means which the engi-
neering officer has available to handle any
drainage situation. These are described be-
lovk

a. Increase the depth of base course so
that the water, table is a specified distance
below the top of the base courlse. In most

PAVEMENT

BASE COURSE

SUBGRADE

COMPACTED FILTR MATERIAL

GROUND WATER TABLE AFTER -QRAINAGE

6" DRAIN PIPE

4Figure 54. Subgrade-drainage details.
66.
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TABLE 5-2 Approximate Depth and Spacingof Subgrade Drains in Various Types of Soils

Soil classes
Percentage of soli separates

Sand Silt Clay
x.

Depth of
bottom of

drain
(feet)

Distance
between

snbdmins
(feet)

Sand 80-100 0-20 0-20 3-4 150400
2-3 100-150

Sandy loam 50-80 0-50 0-20 3-4 100-150

2-3 85-160

Loam 30-50 30-50 0-20 3-4 85-100
2-3 75-85

Silt loain 0-50 . 50-100 0-20 3-4 75-85
2-3 65-75

a
Sandy clay loam 50-80 0:30 20-30 3-4 65-75

2-3 5545

Clay loam* 20-50 20-50 20-30 3-4 55-65
2-3 45.,55

Silty clay loam 0-30 50-80 20-30 3-4 45.55
2-3 40-45

Sandy clay, 50-70 0-20' 30-50 34 40-45
2-3 35-40.

Silty clay 07,20 50 -70 30-50 3-4 35-40
24 30-35

Clay 0-50 0-50 ' 30-100 3-4 30-35
2-3 25-30

cases, the required specification is that the
ground-water level be at least 5 feet below
the finished grade. This solution is feasible
when:

(1) A gravity drainage system is im-
practicable.

(2) ,,We condition to be corrected is
of a small localized nature such as a narrow
swamp crossing.

(3) "there is an abundant supply of a
,good base-course material.

b. Another means of subsurface draifi-
age is by deep, Witches. These ditchei are
easily built, are readily enlarged, and they
provide positive interception of subsurface

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. Jn those 'cases where right-of-
way problems, traffic situations, and erosion
difficulties make the use of open ditches im
practical, it may be necessary to use a sub-
surface drainage system consisting of blind
or "French" drains, or of perforated or open-
joint piping. If the water level in natural
drainage channels can be lowered, it may be
possible to lower the groundrwater level of
the surrounding area, particiilfivly if the sur-
rounding soils are pervious.

c. Blind or French drains are construc-
ted by filling a ditch or trench with broken

5 ---, 4

128



J

-1

1
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SEEPAGE

URF OR A%Uf4 '
T.C.V

RANDOM

BACKFI LL

F fLTER
MATERIAL

I'1
PAVEMENT

'

a

PERVIOUS STRATUM

" DRAIN PIPE
IMPERVIOUS ZONE

Figure 5-3. , Typical intercepting cyainage layout.
**-7\ -,-;

or crushed rock. The top'surface of the rock corrugated metal, cast iron, vitrified clay,
may be left exposed so that the trench will and nonreinforced concrete.
act as a combination drain or the rock may t
be covered by a relatively impervious soil so (2) Bell and spigot pipes can be laid

that no surface water can penetrate. The with open joints. Collars are not needed

latter is the general practice. In 'general, over the'joints if the filter material has been

French drains are not recommended for properly designed. This type of pipe is gen-

permanent construction because they hare a erally made by vitrified clay, nonreinforced

tendency to silt up with prolonged use. In' concrete, and cast iry.
..

theater-of-operations construction, however, (3) Skip pipe is designed sthat water
such drains are often used as a substitute for enters the pipe at bell and spigot joints which
perforated or open-jointpipe because of logis- provide a gap around the bottom semi-circum-
tical limitations on piping or on filter materials ference and a slot across the fiat top surface
suitable for use with such piping. of the pipe. Skip pipe is generally made of

d. In eases where a V-type or other vitrified clay or cast iron.
:-,

open-ditch-type drainage system is not prac-
. (4) Porous-concrete pipe is laid with

tical, it' may be necessary to resort to a closed joints and Collects water by seepage
subsurface piping system utilizing one of the through the wall of the pipe. It should not
many fornis of pipe currently available. be used where sulphated waters may cause
. 4,(1) The most common form of sub- disintegration of the concrete.
surface piping is perforated pipe. In cases
where the perforations do not extend coin- (5) Farm tile'lls raid with butt joints

pletely around the circumference of the pipe, slightly separated to permit collection of
the pipe is generally laid with/the holes down i water through the joint. Because of its low
and with the joints closed. Materials used resistance to high impact loads, farm the is
in the manufacture of this type of pipe are not recommended for use on airfields. Mate-

5-5
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rials commonly used in manufacture cif the
tile are clay or concrete.

e. The use of combination drains which
attempt to handle both surface runoff d
subsurface water by use of the same ipe
system is not recommended. Surface. runoff
very often carries sediment and soil from the
drained area into the system, with the result
that flow stoppages occur. In view of this,
subsuiface drainage systems Using some form
okyiping sealed so that no sur-
face runoff y enter. The only drainage
system which will handle both surface runoff
and substirface water iatisfactorilY is the
open channel or ditch. .

5-3. PIPE- LAYING CRITERIA

There are essentially fivelifferent types of
pipe available for use but they all should be
laid in accordance with the followingspecifi-
cations:

a. finimum slope of pipe is .15 percent
or .15 feet in 100 feet. The elevatiOn 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 section of the pipe at one
particular location. Figure 54 -shows the
invert location: e

WATER LEVEL

INVERT ELEVATION

Figure 5-4. Invert location.

b. Manholes should be pecivided 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 6-inch pipe being used for all
draisns, except long intercepting lines and for

extremely severe ground-water conditions
where it may be necessary to use 8-inch or

. .,larger pipe.

d. Center of subgrade drains should be
placed at a depth of not-less titan 1 foot
below the 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 pervibus and well draining. However,
locaiiground-Water conditions and base and
subgrade soil chtgacteristics 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 (equal or
slightly larger size, it is generally better t'o
bring the drain in above the main line and
make a vertical connection between the two
rather than join them at the same elevation.
This procedure`will prevent the water from
backing up in the drainage 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 quantity
of water collected by an intercepting drain is
difficult to determine, but in general, 6-inch
pipe will prove sufficient for lengths ,up to
1,000 feet.

f. The piping system should, be sur-
rounded by at least 6 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
shoviit; in chart 1 magi be used, because ex-
periedce has shown that this is a satisfactory
filter material for the majority of sandy, silty
soils. Chart 1 is furnished with this sub-
course.

5-4. VERTICAL WELLS

Vertical wells are sometimes constructed
to permit trapped subsurface water to pass

5 -6
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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 drainedwith-lm
_easily maintained lateral subdrain "system.
Vertical wells are often used in northern
latitudes, where deep ftleezing 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 Nyells are treated with II chlor-
ide or a 4iyer of hay to prevent

1,5-5. FILTER MATERIAL

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 great importance, since it
determines -to a large extent the success or
failure of the drainage system. 'The improper
selection of a filter material can cause the

(1) For slotted openings.
- 85-percent size of filter material

slot width

(2) For circular holes:
85-percent size of filter material

/2.3
drainage system to become inoperative in
one of three ways:

a. The pipe may become clogged by the
infiltration of small soil particles.

b. i'articles in the protected will may
move into or through the filters, causing in-
stability of the surface.

c. Free ground water may not be able
to reach the pipe.

5-6. PREVENTING 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 mechanical-analysis soil curves,
have proved effective in practice.

a. 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
hole diameter

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 is less than or equal to 5

85-percent size of protected soil ,

. and
50-percent size of filter material

50-percent size of protected soil

c. To permit free water to reach the pipe, the filter material must be-many times more
pervious than the protected soil. This' condition is bullied when the following requirement
is met:

is less than or equal to 25

1.4ereent sizie filter material
is greater than or equal to 5

415-percent size of protected soil

d. The coefficient of uniformity (Cu) of the filter material should be less than 20 to
prevent segregation of the- material during placement. The coefficient of uniformity is de-
fined by the following relationship:

it°
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60-percent size of filter material
Cu'

- 10-percent size of filter material

'o.- It is possible- to learn a great deal. about the gradation characteristics of a particu-
I lar soil by observation of the soil curves on the mechanical=9.nalysis chart. Well-graded

soils generally have a. smooth grain-size curve with gradual changes of slope. Poorly graded
uniform soils generally ve a very steep grain-size curve. Skip-graded soils have a grain-
size curve with a ch cteristic hump in it. The filter material will have a tendency to
segragate during placement if it is skip-graded. The grain-size curves in chart 1 illustrate
various gradation characteristics.

/

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
openings and another layer placed between
it and'the protected soil, as shown in figure
5-1. The designer would proceed, in this case,
by selecting a 'filter material to be placed
around the pipe in accordance with the for-
mulas in paragraph 5-6. The second filter
material should be designed to protect both

t Soil A
.

D10 1.4 ram"

D15 = 2.2 mm
Do = 13.5 mm

= 19.0 mm

D55 = 38.0 mm

the inner filter material and the surrounding
soils. In other words, the design of a multi-
layer filter for a taihdrain System should pro-

.ceed outward from the inside filter material
to the riubgrade soil being protected.

5-8. E&AMPLE OF 'FILTER DESIGN

You are to choose a suitable filter material
for a 6;.inch pipe with 1A-inch diameter per-
forations to protect thesubgrade soft shown
in chart 1. The soils represented by curves
A and chart 1, are readily available from
local borrow pits. You tabulate the follow-

, ing data from the chart:

Soil B"

D10 = . .25 mm

D15 = .36 :MM.

D5o = 1.0 mm
= 2.0 mm

D55 = 13.0 mm

Subgrade
(protected soil) ,

D15 = .01 mm

D50 = .042 mm

Dad, = .09 mm

The symbol D10, D50, etc, represents the size of that particle of a soil of which the percentage
indicated by the subscript is finer by weight. For example, if D50
then 50 percent of that soil by weight is smaller than' 10 min._

Check for coefficient of uniformity of both soils:

Cu Deo 19.0

soil A D10 1.4

Cu Do 2.0 = 8.0
soil B b10 .25

5 8
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Thus 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:

Soil A

Dis (filter)
Du (protected eon)

2.2 = 24.4
.09

Should be equal to or less than 5 to preve.nt movement of the sub-
grade soil through the filter material.

which is not less than 5

Therefore, filter material A is unsuitable because movement of the subgrade soil throUgh
q. the filter material possible. .

Soil

D15 (filter)

4, Du (protected soil)

.30
3.33

.09

(filter)

D50 (protected soil)

1.0
23.8

.042

DI5 (filter)
D16 (protectol soil)

:30 = 30
.01

Du (filter)
hole diameter

Note that the spil particle size is usually given in millimeters while the hole size is usually
given in inches. I'he two dimensions must be expressed in cobipatible units before thepreced-
ing forinuli is used This may best be accomplished by multiplying the size of the pipe per-
forations inches by 25.4 which represents the number of millimeters in 1 inch. For the
example; with Soil B under discussion:

DSS (filter] 13.0 Mtn 13
2.0 which is greater than 1.0

"*.

Should be equal. to or less than 5 to prevent movement of sub-
grade soil through the filter.

which is less than 5

Should be equal to or less than 25 to prevent movement of sub-
grade soil thrgugh the filter.

which is le than 25

Should be equal to or greater than 6 to permit water movement
through the filter.

which is greater than 5

Should be greater than 1.0 to prevent clogging of the pipe.

hole diameter 1/4 x 25.4 6.35

Thus soil B satisfies all the criteria for a good filter material whiles soil A. does not

5-9. STEPS IN FILTER DESIGN'

In any case in which. it is necessary to design or select afilter material fron i -several rend- _

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.

133



Obtain a mechanical - analysis report of the materials locally available forme as filters.

Determine which of the materials satisfies all the criteria listed in paragraph 5.6.

The most efficient and most practical type of subdrainage 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 withlts purpose. Any attempt to sve-costs by the use of a
sketchy or inadequate subdrainage system is false economy. Converiely, any attempt to install
an elaborate system of underground piping where a simple V-ditch would serve as well mould
likewise be discouraged.

REVIEW EXERCISES

Note: The following exercises are study\I aids. The figures following each question re-
fer to a paragraph containing 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)

3. If it is impracticable to handle
a subsurface drainage problem by grav-
ity drainage, what method may be,used
to relieve the drainage problem? . (5-2a)

-

4. Sulipurtace drainage is some-
times taken care of by deep V-ditches.
What are two disadvantages of this
method? (5-2b)

5. What kind of pipe is most corn-
- moply used in a subsurface drainage

5106
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system ? (5-2d (1) )

6. When determining the slope of
a pipe, the invert elevation is used.
What is the definition of the invert' of
a pipe? (5-3a) . °`f

.30
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1. In a subsurface drainage pipe
system what is the maximum spacing

- between manholes? (5-3b)

8. Wha is the minimum distance
the center of a subgrade drainpipe t

should be below egroundWatertahle7 t
(5-3d)

9. What method of disposing of
subsurface water is often used in areas
where deep freezing occurs? (5-4)

10. What is one of the most impor-
tant construction features in cletermin:
ing the mouse or failure of a subsur-
face drainage system? (5-5)

4

11. Explain ihe three ways in which
a drainage system can become inopera-
tive 'as a result of the station of im-
proper filter materiak -5)

S.

5 -1l
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12. What relationship must exist
between the filter material and the pro-
tected soil to permit free water to reach
the drainpipe? (5-6c)

13. What sail characteristic is in-
dicated by a smooth grain-size curve
with gradual changes of slope? (5-6e)-

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
iyst layer to be designed? (5-7)

-
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x. 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, ot soil B will clog the drain-
-pipe if the round holes in the pipe are
1/2-inch diameter. (5-6a, chart 1)

18. Referring again to chart 1, de-
termine whether or not the coefficient
of uniformity (Cu) of soil A is such
that the eaaterial will not segregate
during placement (5-6d, chart 1)

t'

19. From data given on chart 2;de-
termine whether or not soil C will pre-
vent the movement of particles from
the 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.
(5-6c, chart 2)

5,-12
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ANSWERS TO REVIEW EXERCISES

LESSON 1 4

-1. The first construction work on any_ project should provide drainage for the work
to .follow.. (1-1)

. .

2. Classificatkin of drainage depends upon whether the-water is on or below the surface
of the ground at the point where it is first intercepted or collected for disposal. 11-2) i

,

8. Ditches, alone or In combination with natural watercourses, provide the simplest as
well as the cheapest and most efficient method for handling surface water. (1-3a)

- 4. A sanitary system olXctii all sewage in one system and carries it to a treatment and
disposaplant., Storm se*r systems are best inittalled in small units, each draining a small

warea, and disposing of the ater in the 'nearest natural watercourse. 01)

5. Open channels, subdrainsecombinatim drains, and verticaPwells are used to control
grpund water. (1-4)

II.6. Cut and fill sections must be crowned and high shoulders must be lower . (1-5c)

7. Gravel roads' and other, rough untreated surfaces require a crown of. Y2 to 34 inch
per foot. (1-7a)

8. Proper 'grading is the most important 'single factor contributing to the success of .the
drainage system. (1-8b)

4 9. If the-road or airfield is to be used for only a short period of:time, such as one or two
weeks, hasty design procedures would probably be used. (1-9b)

10. Rainfall data for the locality being considered is of primary importanie in designing
a drainage system thatwill insure prompt removal of surface water and positive control of
,ground water. (1-10b)

11. Variations in the state of compaction, soil-moisture defirfencies at the beginning of
. rainfall, and the elevation of the ground-water table may greatly influence the infiltration ca-
pacity of a particular soil. 11-10c)

12. Dry and cracked earth is a sign of loss of water through evaporation and may indi-
cate an impervious subsoil and inadequate subsurface drainage. (1-11)

12. preliminary consideration of the type of i tallation required, the engineer resources
available; and the athount tu-id-rellability-of the da collected-, determine the degree of design
necessary. (1-12)
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14. The design storm is rzat storm °which may be cted to be , equalled or eixcegded

on an average of one time during the design period. (1-13)

4:
15. Drainage for military construction should be based °iv. 2-year design storm frequency,

unless exdeptionil circumstances require greatei protection. (1-13b)
,

16. The duration of rainfall, required to produce the maximum rate of runoff will de-
d primarily upon the length of overland flow, taking into account surface detention, rough-

ess factor, and other surface-runoff characteristics. (1-13d)

17. The problems relating to subsurface drainage may best be handlecjehen construction
operations on a road or airfield are initiated. (1-15)

18. The -flow of water in soils containing organic and inorganic fine sands, silts, , and
course - grained soils containing an excess of nonplastic fines, is impeded by their characteristic

lepsity.° (1-16b)

19. A "pumping" action occurs which will form a void undef the pa ment and failure
ultimately occurs by cracking of the surface. (1-20a)

20. In this case, thawipg 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)

IA 2



ANSWERS TQEVIEW EXERCISES

LESSON 2
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1. Size, shape, and slope are the most impoitant factors which 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 calculating the size of a drainage. structure retjuired is used
only when time does not permit the use of a more exact method. (2-4b)

4. A complex area, is one that is composed of two or more different soil types, covers or
man-made areas, no one of which constitutes 80% of the area:. (2-6b(5) (b) )

(2-7)

- runoff
5. Expressed mathematically the value of "C" is the ratio of runoff to rerainfall, or

rainfall.

6. The reason for the correction is that as the ground slope increases the rainfall runoff
will flow at a faster rate, thereby reducing the time available for the water to infiltrate the soil.
(2-7b(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 "C"; value must be weighted. (2-7c (1) )

8. Before the "C" value 1weighted, thee' value assumed must be corrected for slope.
(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. Representative flow paths must be determined before you can determine an area time
of concentration (TOC). (2-8c(1) (a) )

11. A representative flow path is one' that is representative of the time at .which -the ma-
jority of the area will be Contributing runoff to the outlet point. (2-80(1) (a) )

12. On figure 1.5, lesson 1, find the intersection of the 2.2 curve and the 30 minute dura-
tion line. From this intersect, maim horizontally left to the rainfall intensity in inches per hour
line and read 3.5 inches. (figure 1-5, lesson 1)

s 2A--1
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13. Enter figure 2-4 at average turf, move left to 6% curve, follow 6% cure line down
to 300 foot line, read yertical line downward, read 11 minutes TOC.

14. -Enter figure 2-4 at paied area, <go left, to 1% curve, move up curve to 800 foot line,
drop vertically down to bottom 'of figure, read 37 minutes TOC. (2-8c(2) (c) (2), fig 2-4)

.

15. The critical storm duratio n, forthe p e oftezmining that storm's intensity, is
set equal to the time of concentration (TOC).. 42-8d)

16. Knowinghe geographical location of the drainage area, you go to the world isohyetal
map (fig 2-5) wheryou 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. (2-8d(1))

17. FrorO.tle World isohyttal map; the eastern tip of Brazil would have a one-hour, two-
year 'rainfall intensity of 2 inches.. (8-2d(1)) .

18. The one-hour, two -year rainfall iiten,,e;ity for Washington, DC is 1.5 inches per hour.
Refer to figure 14,Iesson 1,, rpolate bet*reen the 1.4 and 1.6 curves to the 35 minute line,
read 2.3 inches per,honr. (8-24 ), (2)) "

N
u

-,m 0, 'tP

. 19. Delineation lines mar the, bouRdarrof.,the drainage area, thereby permitting the
area to be measured. (2-9a) ,, . . .

,/... .,,-
../

.

20. An 'area on a-map y, belike#,sured tiY,use, of a planimeter, by using geometric shapes,
or by the, stripper m 9bY .

. - . -. -.---4;te-

. ..:
.

. -

, -. ,-.
-,.., ,..,
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9
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ANS.WEIS TO REVIEW EXERCISES

LESSON 2A

The slope, cover, shape, and general character of the drainage area are all considered
in the coefficient "C" of the formula A = (2A-5)

2. The value of "C" should .be increased as the length of the valleys decrease in propor-
tion to their widths. (2A-5),

3. From table 2A -1 read 5.1 square feet. (table 2A-1)

4. Frbm figure 2A-1 read 48 inches. (fig. 2A-1)

5 . Pipe diameter (ft) = \F = \/4 x 7
N/10 = 2.98 ft = 35.8". Use 36" diam.

7C :t

(2A-5)

6. These curves may be used for different values' of "n" and "S" by determining and
using 'an equivalent length (LE) instead of the measured length. (2A-6c)

7. For a complex area, the length to be used must be the weighted equivalent length.
(2A-6d)

8. Determine the LE for each type 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, within the range of values given, is
based upon engineering judgment. (?.A-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 determine the :infiltration rate (I) as illustrated in para-
graph 2A-7k. Then, supply rate (a) = R = L Choose the supply curve closest to the area supply
rate.

2AA 1
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ANSWERS TO REVIEW EXERCISES

LESSON 3

1. All drainage structures must be large enough to carry away the maxium design its-.
charge. (3-2)

. . .

2. The size and gradient of pipes and well-maintained channels required to discharge de-
sign storm runoff may be determined by Nravning's formula. (3-2)

3. Q = A 1.486
R213 V.? (3-2a)

n
1

Z
5...

4. Wetted perimeter is the linear measurement of that portion of the perieter of the
.

ditch or- structure actually wetted by the flow. (3-2b)

itady
+.d2 d2 + b (3-2b ( 2) )

V h ':

6. -022 (3-2c) (Annex A-2, 'Tb)

7. The hydraulic radius is determined by dividing the cross-sectional area of the flow
by the wetted perimeter. (3-2e)

12 x 2
2 12 128. R = 0.95 ft. (3-2e)

2\/62 + 22 2V4(5 -1. 2 x .6.32

9. wp = = 3.1416 x 3 = 9.43
ad2 3.1416 x 9area = 7.08
4 4

087.R = = 0.75 ft. (3-2b(3)) (3-2e)
9.43

Mk A = 3d2
wp = 2 V9d2 d2 = 6.32d

' A 3d2R = = 0.475d
wp 6.32d

1.4860 = A 8213 )/2
n

(see exercise 31

3A 1
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16

16

16

d 2/3

*

= 3d2 (1486 ) (0.475d)21'

4is

d213(0.01)'

(0.10)

(0.01)" .Kk.

/2

1.18

0.02'

= 3d2 (74.3) (0.475)2/3

= 3d813 (74.3) (0.609)

16

3-(74.3) (0.609) (0.10) .

d = (1.18)3/8 = 1.063, or 1.0 ft. (3-3a)

11. V %=-- Q_ 16

A 3T1 " ft /sec.
(3-3a)

12. Assume d = 1.5 ft
Q = (9 x 1.5 + 1.52) (A9.53) (13.5 + 138) (0.0775)\ 5.4 + 9

16.88 x 49.53 x 1.17 x 0.0775

= 75.5 cfs. :'. 1.5 ft is depth of flow (3-3b)

13. The ditch capacity required and the capabilities of the equipment available. (3-4a)

14.- A 6-inch frbeboard is nermally alloived. (3-4a)

15. The minimum ditch base width is 10 feet because that is the working width of the

0 I

. e

,-0

.

,

scraper. (3-4b)

16. You must know the type of pipe to be used, the size, and the slope it is to be lAid'on.,
(3-5)

17. 0.8 percentyslope. (3-6) (annex A-4)

18. 40 cfs. (3-6) (annex A-'4)

19. 2.0 percent (3-7) (annex A-4)

20. At the critical slope. (3-7)

21. 5 fps. (3-8) (annex A-4)

22. 3.5 ft /sec. (3-8) (annex IC3)

3A-2 #
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ANSWERS TO -REVIEW EXERCISES

LESSON 4

1. If water will accumulate in the trench during, construction, the trench must be ex-
cavat4 uphill to avoid working in water. (4-1)

2. A minimum grada..of 0.5 percent should be maintained to- prevent water from stand-
ing in ditches. (4-2)

3. Erosion may occur at any point where the force of moving water exceeds the co-
hesive force of the material with which the water is in contact. (4-3)/N)

4. Checkdams are not used when the grade exceeds 5 percent because this would require
placing the dams too close together. '(4-4)

5. Minimwn leng th of apron for a drop of 3 feet is 9 feet (3 x 3 = 9). (4-4a)

100 x }I 100 x 2 200
6. S _ _

A - B , 4 - 2 2"

= 100 ft spacing. (4-4a)
1

7. The weir notch slot is always constructed 1/2 foot deeper than the depth of flow, as
a safety factor. (4-4b)

8. Q CLIV/2

8 = 3 x 2.5 11312

H312 = 8
7

3 2.5
1.

H = 3/0672 = 1.04 depth of water (4-44)
41P,

9. The capacity of a specific grate depe nds 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. Capacity is 12.7
cfs (4-5, table 4-2)

11. A ditch-relief culvert under such conditions 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)

4A
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13. If the slope is varied, the steepest slope should be at the-nutlet end. (4-6c)

4 14. The minimum distance between pipes in a multiple-pipe culvert should be one-half
the diameter of the pipe. (4-6d) . . ... -

_ .. _ -N - ,
. -, . .. -.. . . _ ... .6

Ia. The foundation is convected upward along the centerline to allow for future settle-
ment and to insure tightness in the lower half of the joints. (4-8e)

,
16. The'backfill is tamped mechanically or by hand to at' least 12 inches above the culvert.

(4-6!)

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.required is normally found by measuring the
distance from the bottom of the ditch on the upstream side to the bottom of the ditch on the
downstream side. (4-7a)

17,

19. For a culvert over 30 feet long, pipes should be a minimum of 15 inches in diameter.
(4,7a)

20. The culvert must be able to carry the weight of the fill above it plus the weight of
live loads that may pass over the road. (4-7b)

21. Large corrugated metal pipep are strutted before backfihling 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 dimen-

sion. (4-8a, fig *4-13)
1111

23. Strut spacing would be 6 feet for a 60" culvert under 25 feet of fill: (4-8b, table 4-3)

6

oft

24. Headwalls and wingwalls are constructed to prevent or control erosion, guide water -

into the culvert, reduce seepage, and hold the ends of the -culvert in place. (4-9)

25. As a general rule, drainage syittems 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 design storm. (4-10)

(A + B)
2 . V6 x b

2

1-01(.10 + 50,000 x
2

= 30,000 x 5 = 150,000 cu ft (4-13a, b)

27.* Data such as shqwn table 4-4 must be tabulated before you can plot a cumula 'ye
runoff curve. (4-14b)

124%
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28. A cumulative runoff curve is used to determine the amount of water an area will con-,
tribute to a pond. (4-14)

A, -- -
29. 'At the point of intersection of these two lines, the volume of water accumulated and

the volume of water discharged are equal, so there is no ponding condition existing. (4-15b)
.

30. Determine the point where the two lines are separated theNgrtest vertical distance.
This point represents the greatest difference between the volume of water accumulated and the
volume discharged. (4-15c) of,

31. Ponding Will appreciably reduce pipe sizes for areas that have a short time of con-
centration. (4-16)

32. Corrugated(metal pipe (CMP) is the most common pipe material used for culverts
in the theater of operations. (4-Fa)

33. Where ponding is undesirable, verts should have sufficient capacity to pass the peak
runoff from the design storm without owing the water surface at the inlet to become higher
than the inlet. (4-18a)

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 directly above the inlet and the top of the out-
let. (4 -18b)

35. The "Critical slope", for a culvert is the minimum slope of the hydraulic gradient that
will permit maximum discharge. (4-18e)

r-

4A--3
141'/
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ANSWERS TO REVIEW EXERCISES

LESSON 5

1. The coefficient of permeability is _a-property of the soil and is defined as the discharge
velocity at a unit hydraulic gradient. (5-1a)

2. When seasonal fluctuations of ground wa,ter 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)

3. If a gravity drainage system is impracticable, it may be feasible to solve the problem
by increasing the depth of thp base course so that the water table is a specified distance below
the top of the base course. (-2aY

4. Deep V-ditches may create traffic hazards and they are subject to erosion. (5.2b)

5. The most common form of subsurface piping is perforated pipe. (5- 2d(1))

6. The invert is defined as the lowest point in the internal cross section of the pipe at one
particular location. (5-3a)

7. Manholes should be provided at intervals of not more than 1,000 feet. (5-3b)

8. Center of subgrade lines shauld be not less than 1 foot below the ground-water table.
(5-3d)

9. Vertical wells are et-Instructed to permit trapped subsurface water to pass through an
impervioui3 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 determines
to a larger extent the success or failure of the drainage system. (5-5)

- 11. If improper filter material is,uged, drainage system may become inoperative in any
of the following three ways: (5-5)

a. The pipe may become clogged by the infiltratiorebf small soil particles.

b. Particles in the protected soil may move into or through the filters, causing in-
stability of the surface.

c. Free ground water maymot be able to reach the pipe.

12. To permit free water to reach the pipe, the filter material must be many times more
pervious than the protected soil. (5-6e) ,

13. Well-gtaded soils generally have a smooth grain-size curve.with gradual changes of
slope. t546)

5A 1
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14. The soil curve for a skip-graded soil is horizontal 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 ithould select the
filter material to be placed around the pipe first. (5-7)

16. 'The hole size must* converted from inches to millimeters by multiplying the inch
size by the factor 25.4. (5-8) .

ft 85- percent size of filter material
, is greater than 1.0 .

- hole diameter

13 13

x25.4 12.7
, is greater than 1.0

.*. soil B will. not clog the drain pipe. (5-6i, chart 1)

60-percent size of filter material
18. Cu , is less than 20

10-percent size of filter material

19= = 13.6, .'.segregation will not occur. (5.6d, chart 1)
1.4 , t,

19. Two conditions m'e satisfied:
-15- percent size of filter material

85-perCent size of protected soil'
is less than or equal to 5

50- percent size of filter material
and, is less than or equal to 25

50-percent size of protected soil

0.80 = 2.96 is less than 5
0.27

5.20
45.2 is greater than ig5

0.115

.*. soil C is not acceptable. (5-6h, chart 2)

15-percent size-of filter material --

20. is greater than or equal to 5
15-percent size of protected soil

0.46 ' 41127.0; is greater than 5
0.017

.". Aee...water will reach the pipe. (5-6e, table 2)

, icr
5A 2
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CREDIT HOURS

TEXT ASSIGNMENT Review previous lessons.

MATERIALS REQUIRED Annex A.

EXAMINATION

COURSE ENGINEER SUBCOURSE 359-3

DRAINAGE

3

Chart 3.

EXERCISES

First requirement. Solve multiple-choice
exercises 1 through 10 which will test your
knowledge of basic drainage principles.

1. AU drainage can be classified
as surface or subsurface. Which of the
following provides the simplest, cheap-
est, and most efficient method for han-
dling surface water?
a.- enthankinents c. storm drains
b. ditches d. culverts

2. In what way; in regard to in-
stallation, do culverts differ from
storm drains?

a. generally conform to the grade sand
alinement of , the natural drainage-.
channel

b.\ provide for the disposal of both sur-
face and subsurface water

c.. drain a small area and carry the
water- to the nearest watercourse

d. are only used where the construe-
- tion is'to be of a permanent nature

3. When a subdrain is so con-
that it will permit the entrance

of surface water, what is it called?

a. open subdrain

EDITION 3 (JULY 1973) E -t 1

b. intercept subdrain
c. French drain

d. combination drain

4. Your unit ie responsible for con-
struction of the taxiway shown in figure
Ell. Clearing and grading operations

4 j.4 have just started and many large trees
must be removed. 1.3.at is the first ac-
tion you should consider in regard to
the drainage problem?

a. construct a culvert at the intersec-
tion of the natural drainage channel
and taxiway

attempt to drain the swampy area
with outfall and/or diversion ditches

4anstruct side ditches along both
shoulders of the taxiway as in final
plans

149

d. relocate the natural channel

5. Construction 'operations on a
road are being suspended for 3 days.
Near the end of the last shift of the day
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 = tion, if any, would



v

PROPOSED TAXIWAY

Figure E-1. For use with exercise 4.

you direct before suspending the proj-/
ect?
a.

b.

C.

a.

install open-top culverts

install diversion ditches

crown the subgrade

no action required

NATURAL GROUND

Figure E -2 For use with.exercise 5.

6. Erosion of the traveIet way
parallel to road centerline, as shoin
in figure E-3, has occurred. The road is
gravel surfaced and has a steep grade. -
Which of the following courses of ac-
tion is most appropriate for handling
this drainage problem?
a. construct open-top culverts
b.

c.

d.

install perforated pipe
improve side ditches
no action requited,

E -2

_,150

SECTION A-A

Figure E-3. For use 'with exercise 6.

7: Unless exceptional circum-
stances require greater protection,
drainage for military construction
should be based upon what design storm
frequency, in years?

a. 1.

b. 2

8. In road and airfield construe-
", tion,-what is the best time to take care

of the problems relatigg-to subsurface
drainage?

a., prior to establishingfmal

b. before other construction work
starts

c: when construction operations are
initiated

d. on 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 end Mixtures, the
water table is 31/2 to 4 feet below. the
roadway surface, and the area - has ex-
tended freezing periods?



ti

a. differential frost heaving

b. settlement of subgfade

c. failure by irmping

d. uniform frost heaving

0

O

10. From th t of 'main-
tenance of roads ds it is de-
sirable that thawing approach
slowly,' with temperratures aining
just above freezing for some time. y
is this?

a. the longer the' ground remains fro-
zen less maintenance that is re-

.

00.

b. a slow thaw from the top down pro-
. vides more time for water to run off

C. this allows thawing from the bottom
up and the released wate canes -
cape downward

it increases surface water rather
'v than subsurface water an ices

drainage roblems

Secon
exec

II . ent Solve multiple choice
11 ugh 20.which will test your

.. ledge Of surface ' runoff. -.

U. BS? ihe Hasty Method, how
many _36-inch-diameter pipe culv rts
will be nieded for a stream havin
bed width of 5.0 feet, a depth of
at tigh-wa :taiimark of 2.0, feet,
width of 'strarm'atchigh-water marl` o
7.0 feet?
a: 1 3
b. 2 d. 4

12. For an area to be classified as a
complex a area whith of-.the
'followitig coniltions ;mud exist?
a area must have some flat- and some

rolling- with varieties of
- cover, t71, 13- .

41..
b.,.. may have any number of types of

soil or 'cover but one must equal
.80% Of the area-

0

t

. <Zs

it13
c. must include successive drainap

areas requiring determination OT
equivalent lengths

d. must have two or more types of soil
or cover, none equal to or exceeding
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" must be increased to reflect the
eater amount of water loss

c. as slo increase runoff flows faster
and there infiltration

d. at 2% slope sheet flow becomes
channelized and evaporation is,re-
duced

.

14. Maximum runoff from a drib:L-
ags area will occur, only if the rainstorm
had two particular characteristics.

, Which of the following includes these'
two characteristics?

a. fnust cover the entire area for ar period just equal to the time of
ti .1,,concentration

...0
b. should be heaviet in the area

- around the outlet

e. ,moist continue at its maximum in-
tensity beyond the TQC

d. -must continue beyond the TOC but
its intensity may lessen

E 3

15. You have dettrmined that the
TOC for a drainage area-in the vicitit
of New' ifFfebs, Louisiana to ie
minutes. What rainfall. intensity will
you expect for the TOC?

a. 3.0 11.* 0. 4.01'

be.3.5 d., 4.5,

151
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,,16. In order to apply the formula
Q F. CIA it is necessary to know the
size of the drainage area in acres. What
must be done before the size of the
area can be determined?

a. 'the coefficient of runoff must be
selected

b. the area must be defined
_so

c. flow paths must be located

d.' outlet elevation must be e,stab-.
'fished.

17. What diameter round pipe, in
inches, will be required for a drainage
area of 40 acres in.relatiVely flat terrain
(use C = 0.3Y? Solve, using nomograph
for solution of Talbot's forMula, fig
2A -1.

a. 18 c. 30

b. 24 d. 36

. 18. In working with the Corps of
Engineers method for estimating run -
off, why is it necessary to convert the
average length ,of runoff flow to an
equivaledNength?

a. to reduce the th ree flow types,
sheet, channelized, and ditch, to
common values

b. equivalent length is used because of
the irregularity in, shape of most
drainage areas

(1, this conversion takes in account
.the variables and el n a te s

judgment decisions

because the graphs used
n = 0.40 and S = 1.0, variations
must be adjUsted to these values

d.

19. 'g that a drainage area
of 10.3 ac has a weighted equivalent
length of 500 feet and a weighted sup- .
ply rate of 2.0 inches per hour, what
would be the maximum rate of runoff
in

r
? feet per second?

a. 8.5 c. 16.1

13: 12.7 d. 20.6

20. The representative drainage
path for a simple drainage ar a has
sparse grass cover, is 400 feet to and
is on a'2.0 percent slope: What' is'the
equivalent length- infeet for this drain-
age path?

130 c. 13-2

b. 141
47.

d. 163.

Third requirement. Solve, multiple- choice
exercises 21 through 30 which will test your
knowledge of the design of ditches ,ancecul-
verts.

21. A V -ditch with 5 to 1 side slopes
''and a flow depth of 2.0 feet is in your
drainage system. What'is tie cross-sec-

-tional area, in square feet, of water flow-
ing id the ditch?

a. 12.5 r c. 17.5

b. 150i d. 20.0

,22. A trapezoidal ditch 'hasa 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 c. 30

b. 26 d. 34

S

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
calculations?

a. 0.020 c. 0.040

b. 0.025 d. 0.045

E 4
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24. A trapezoidal ditch has a base
width of 10 feet, side slope's of 4 to 1,
and a flow.depth4 of 3 feet. What is the
hydraulic radius in feet?
a. 0.9

b. 1.4

c. 1.9

d. 2.4
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25. You ate deteimining the slope
of a clear, unlined drainage ditch for an
airfield. What is the minimum slope, in
percent, you should consider?

s. 0.1 c. 0.5

b. 0.3 d. 0:7

26. You have established that a
trapezoidal diteth 10 feet wide with side
slopes of 8 to i and a flow depth of 1
foot will be required to carry away
water collected from a rub.waxThis
ditch has an area of flow of uare
feel, 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. 0.4

b. 0.6

c. 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

b. 0.50

c. 0.75

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.
served to be 1 foot. What is the rate
of flow in cfs in this ditch?

a. .78 c. 98

b. 88 d. 108

29. What size 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?
a. 36 c. 48

b. 42 d., 60

,30. What is the velocity of flow, in
ft/sec, in a 36-inch CMP installed on a

0.64 percent slope, when it is discharg- ry

ing 30 cfs?

a. 3.0 c. 5,0"

b. 4.0, d. 6.0

Fourth requirement. Solve multiple-choice
exercises 31 through 40 which will test your
knowledge of drainage construction, check-
dams, drop inlets, ,culverts, and ponding.

31: V-ditches are probably. more
easily constructed and maintained than
trapezoidal ditches where the required
capacity does not exceed a certain quan:
tity. What is this limiting qUantity, in

E - 5

a. 70

b. 80

c. 90

d. 100

32. A ditch is 2,000 feet long and
has a slope of 4 percent. You are to
reduce the slope to 1.percent by use of
checkdams. The height of drop of each
checkdam is to bd 2 feet. What is the
spacing, in feet, of the checkdams?

a. 35 c. 67

,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 -dfs, should you consider each
grate capable of discharging if the head
is to be 1.0 foot?

a. 16.5

b. 24.7

c. 37.0

'd. 49.4

34. You are supervising the place-
ment of a 48-inch CMP that will run
under a finished road. At what mini-
mum depth, in inches, below the finished
road surface should you place the bot-
tom of .the CMP?
a. 54 c. 66

b. 60 d. 72

153
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1. 35. You are to determine the maxi-

mum diameter culvert that 'can be .
placed -under the taxiway in figure E-4
and_ that will satisfy cover require-
nients. The only pipe available "is 10-'
gage CMP and the .design load- is 'a
120,000-pound plane. What.is the mail-

Io

1P.

-

m diameter;- in inches, that you
should specify for. this particular cur=
vert?

b. 36

\ c. 48 .

. rd. ,66"

CULVERT s z 2,0 ///
EL. z 7442 FT.

'Figure E -4. For use with' exercise 35.

36. You are to place a 72-inch diam-
eter CMP culvert 175 fee" long in a fill
as shown in figure E-5. The -ends of
the CMP are not to be cut to the slope.
5ow many linear feet of 4-inch by 4-inch

b e r will you need to strut this cul-
vert? Disregard the jack struts and

4

the bearing blocks and compression
caps used with jack struts.. Use nominal
size of the timber (4-inch by 4- inch).

647 c. 706

b. 672 d. 741

CULVERT

/77

.
Figure E -5. For use with exercise 36.

E 6
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37. It has been determined that two
48-inch diameter CUP culverts will be
required. In designing a concrete head-
wall for these two quIverts what center-
to-center spacing do, you provide, in
feet?

a. 2 c. 6

b. 4 d. 8

38. Figure E-6 illustrates an area
which is being considered for pending.
The area included within each contour
.line is as indicated. What will be the
storage capacity, in cubic feet, if the
pond is to extend to the 56-foot con-
tour?

TAXIWAY,

Area-bounded by Total area in sq ft

58-foot contour
56-foot contour
54-foot contour
52-fobt contour
50.foot contour
49-foot4contour

160,000
110,000
50,000
18,000
6,000

0

All contours are concentric.

-Figure E-6. For use with exercise 38.

a. 228,000
1(17

'ac. 289,000

b. 255,000 d. 305,000

. The head (H) on a culvert in
whi the inlet is submerged and the
outlet ii 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 both the
inlet and outlet

d. 'the water surface aboVe the inlet
find the invert at the outlet

40. Why is it important 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

c. at 'the critical slope. the .culvert has
reached its maximum capacity

d. the velocity of flow then exceeds
' maximum permissible discharge

velocity

Fifth requirement. Solve multiple-choice
exercises 41 through 50 which will test your
knowledite of subsurface drainage.

41. Line ALAtlin figure E-7 repre-
sents the profile of the centerline of a
portion of a road. Road crown and the
topography of the surrounding' area

'make it extremely unlikely that inunda-
, eon will occur in this portion. Tests

indicate that the subgrade coefficient of
permeability-lislibetel--x 10.4. You de-
termine that base diainage is necessary
at which of the following?

a. A, B,
b. A and B. only

E 7
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A only

d. B only
A

EL 50.8'

42. A iced must be constructed
across a swamp at its navowest point
(about 150 feet). The griound water

EL 68.5'

Figure E-7. For use with
f 8 0 ; +C

level is at the surface and the soil_ is
impervious. Whihh of Uie following
methods do you choose to handle this
drainage problem?

a. 'construct french drains along
Shoulders of road

b raise the road with fill at least 5
feet about ground water level

d. drain the swamp by use of trape-
zoidal ditches

d. install a perforated pipe. collection
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

EL 87.51T

4'

.' ROAD SHOULDER

P PE'

exercise 41.
- 4

less' than 4 feet below the road 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
chp.nges, if any, must you make ?

a. bring the drain into the top of the
culvert with a vertical pipe connec-
tion

b. increase the -grade of the subdrain
by lowering the outlet into the cuP
Vert

c. deCrease the grade of the subdrain
by lowering the pipe at point A

d. approve the plan as presented with-
out any change ,

NORMAL WATER LEVEL IN CULVERT-

10_00 FEET

Figure E-8. For use witft exer.e 43.

E 8
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44. A 5,000 foot runway has a sub-
grade drainage system coasting 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
at 1,000-foot intervals. How many
holes. should be installed for these drain
lines?

a. 10 c. 14

b. 12 d. 16

II AO

45. You are planning to place an in-
tercepting drain at point "A" in figure
E-9. What is the minimum distance, in
feet, b,elpw. point A that you should
place the bat= of the 6-inch open,
joint drain pipe you plan to use?

a. '2.0 c. 4.5 r,

b. 3.0 d. 5.5

D

GROUND WATER LEVEL

A.

A SEEPAGE

A A

A

A

S Nct
Special situation. It hasbeen decided that

subsurface drainage will be required along a
portion of the runway at an Army airfield.
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 2.4 millimeters per inch where cone
version is required.

Nitt
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?

a. one . c. three

bit two 1 dj.1 four

4'7. (Pipe available for use in the
subsurface drainage system has 's/4-
inch- diameter perforations. How many

O
N

O

PO

k

A

PERVIOUS ZONE

A

A

A

A

2

A

.4 A, A
1111110" lordoreplawr v. Niro, '1'N VVW1511* a .v4 W. 44v44 ;;41 ".IMPERVIOUS ZONE

b.

.4

4
Figure E-9. For use with exercise 45.

E 9

157

('



4

I 50
of the filter materials shown in chart 3
may be satisfactorily.magot.with this
pipe, assuming that all of Thera satisfy
other criteria?

a. one c. three

b. two d. 'four

48. How many of the filter mate-
rials. will prevent Movement of particles
of the subgrade soil into or through the
filter material? r

a. none c. two

b. one d. three

0-

E 10

153

49. How many of the filter mate-
rials will allow free water to pass from
the subgrade soil to the pipe?

a. one c. three

b. two d. four

50. How many of the filter soils
available for use as a filter material
have a satisfactory coefficient of uni-
formity?

a. one

b. two d. four .

c. three

I 2 3 4 83.218 A9 Ft Belvoir
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TABLE OF ROUGHNESS COEFFICIENTS (1;IANNING'S n)

k,::-,:OPEIi.CHANNELS-NONVIMETATED ,

Type of Lining

Manning's
Good Poor

Coalition ConditiOn

_ Natural Streams
a. Clean, straight bank, full state,

no rifts' or deep pools .025 .033
-.....

b. Samos aN(1) but goo* weeds and stones .030. .040

c. Clean, winding, some pools and shoals -.033 .045

d. Sail as (c); lower stages, more Ineffective

A slops and sections .040 .055

e, 'Slum as (c), some weeds and stones .035 .050

fi Same as (d), stony sections - .045 .060

g. Sluggish river reaches, weedy or with
very deep pools .050 .080

h. Verty weedy reachep .075 .150

is Coarse gravel, weeds on brinks .025 .033

j. Fine, well-packed gravel -.020

2. Earth
a.- Bare, straight, uniform .017 .025

b. Dredged, rough bed .025 .033

c. Winding sluggish .023 .030

d. larth.bottom, rubble,sides- .028 .d35

3, Natural Rock

a. Cuts smooth and uniform. .025 .035

b. Cutts lagged and irregular .035 .04, .

4. Stone Work

a. Dressed ashler
b. Dry rubble (riprap)
c. Cement rubble

3. Masonry
a. Concrete finished
b. Concrete unfinished
C. Brick

it-__AE251
, a, Planed

b.. Unplaned

7. NeliM1

a. Smooth t

b. Corrugated

ANNE A-2 For ^Use

8

.013 .017

.025 .035

.017 .030

.011 .014

.015 .020

.'.012 .017

.010 .014
,411 #015 ,

4. ibt

.011 .015
..022, .030

With Sul:Ks:Anse 359
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CO



/6.0
. OPEN CHANNELS--VEGETATED

Manning
Trape-
zoidal

Channels
With

Depth 1'

Is h

Wide
Shallow
Channels
or Swales
with

Depth 1'

8. Good Stand of Grass
.09

.06

.04

.035

.30

.15

.08

to6

a.

b.

C.

d.

Longer than 24"
10" to 24"
6" to 3.0'1

Shorter than 6"
If stand 1* bray fair use value of n
in next lOwer line e.g. for a fair
stand 24" in trapezoidal ,chapnel use
n'ig .06

A.
a C. CLOSED CHAgNELS

- Manning's n

e of Lining 4pood Fair
Condition'Condition

9. Pipe

as Concrete .010 .016

le b. Corrugated Metal (plain) .021 .025

c. Corrugated Metal (paved invert) .019 42.5

d. Cast Iron (uncoated) .011 .015

e. Vitrified clay .011 .014

10, ,Box Culverts "' I,

a. Concrete ' .013. .015

b. Brick .012 .017

C. Cemented Rubble .017' ..030

ANNEX A-2 For Use With Subcourse, 59 ,
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Table Of Maximum Mean Velocities Of Streams To Prevent Erosion

Material

MOan Velocity

ft /sec
.

Very light pure sand of quicksand character 0.75-1.00

Very light loose sand 1.00-1.50

Coarse Sand 1.5072.00

,Light Sandy Soil 1.50-2.00

Average Sandy Soil 2.00 -2.50

Sandy Loam 4 2.50 -2.75

Aierage Loam; Alluvial Soil, Volcanic Ash Soil 2.75-3.00

Firm Loam 3t00 -3.75

Clay Loam

Stiff Clay

Ordinary Gravel Soil

Coarse Gravel, CoMales Shingles

Ce Gravel, Conglomerates .

To rdp , Soft Slate

Soft Sedimentary Rock

Hard Rock

0

3.00-3.75

4.00-5.00

4.00-5.00

5.00-6.00

6.00-8.00

6.00-8;00

6.00 -8.00

10.00-15.00

ANNEX A -3 For Use With Subcourse 359

10



141

TABLE OF ALLOWABLE VELOCITIES FOR ERODIBLE, CHANNELS

Earth-No Vegetation*

Maximum
Allowable Velocities

Type of Lining Clear Water Water
Water Carrying Carrying

Fine Silts Sand and

(Calodial)Gravel
ft/sec ft/sec ft/sec

a.- Fine Sand (noncolloidal)

b. Sandy Loam (noncolloidal)

c. Silt Loam (noncolloidal)

d. Ordinary firs loam

e. Volcahic ash

f. Fine gravel'

*1.5

1.75

2.0

2.5

2.5

2.5

2.5

2.5

----
3.0

3.5

3.5

5.0

,1.5

2.0

2.0

2.25

2.0

3.75

g. Stiff clay (very colloidal)

hl Graded, loam to cobbles
vs:

3.75 .0 .0

(noncollaaal) 3.75 5.0 5.0

Graded, silt toicobbles
(colloidal) 4.0 5.5 5.0

J. Alluvial silts (noncolloidal) 2.0 3.5 2.0

k.- Alluvial silts (colloidal) 3.75 .5.0 3.0

1. Coarse gravel (noneolloidal) 4.0 6.0 '6.5

m: Cobbles and shingles 5.0 6-.5 6.5

'n. Shale& and hard pans 6.0 6.0

*Recommended in 1926 by Special Committ'ee on Irrigation

Research ASCE

ANNEX A-3 For Use With SubcoUrse 359
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TABLE OF ALLOWABLE VELOCITIES FOR ERODIBLE LININGS

Earth with Vegetative Cover

Type of Cover

Easily Erosion
Slope Eroded Resistant
Range Soils Soils

ft /sec ft/sec m,

a..

b.

Bermuda grass sod

r

Sod-forming grass such as:
Kentucky Blue grass

Buffalo griss'

_Smooth Brome
Red Top
Blue Gamma

0-5
5-10
10

0-5
5-10
10,

6

5

4

5
4
3

8

6

7
6
5

c. Grass mixture. This is not

recommended for use on
slopes steeper than 10%

d. Bunch grasses, vines, and
similar open cover such as:

Lespedeza
Weeping Lovegrass _

Ischaemum (Yellow Bluestein}

Kudzu
Crabgrass
Sudan grass
Annuals (for temporary use)

0-5
5-10

5
4

0-5 2.5 3.5

Not recommeded
for use on slopes
steeper than' 5%

ANNEX A-3 For Use With $ubcourse 359
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v

CAPACITY OF CULVERTS WITH FREE OUTLET, CM?

Water-Surface at Inlet same Elevation as Top of Pipe, and Outlet Unsubmerged
Values are in cubic feet per second. a u .024

Slot
in % alips 12 . 8.

0.4 2- 1.3 3.9

0.6 1.6 4.8

0.8 3 1,8 5.4

1.0 2.0 5.9

1.2 2.2 6.4

1.4 2.3 6.6

1.6 4 2.. 4 6.8

1.8 2.5 7. 0

2.0 2.5 7.0

2.2 2.s6 ' 7 1

2.4 2.6 7.1

2.6 E. 6

2.8 6 2.6

Diameter of Pipe, in Inches

24 30

8.4 15

10 18

12 21

13 ilt2

13 24

14 25

14 25

.14 26

15 26

15

,

36

25

30

34

36

38

39

40

40

1 40

42 48 60 72

37 53 96 160

45 64 120 190

50 72 130 210

54 77 140 220

57 .80 150 230

59 82 150 230

-:-.---174-7) 83 150 230

59 83

Vfps

7

8

9

10

11

NOTES: 1. Underlined values for-Q indicate critical
slope for the respective pipe.

t

2. The stairs indicate velocity of discharge
in fps.

.172.

)

t



th

1°7 9a..)

CAPACITY OF CULVERTS WITH FREE OUTLET, CONCRETE PIPE

Water-Surface at Inlet same-Elevation as Top of Pipe, and Outlet Unsubmerged
Values are in cubic feet per second. n .013

Slope
in

Diameter of Pipe, in Inches

Vfps 12 18 24 30 36 42 48 60

.4 2.3 6.6 14 25 , 39 58 82 230

.6
4

2.5 15 26 40 M 83 150 230

.8 7.1 15 26 40 59 83
5

1.0 2.6

Vfps 6 7 8 9 10 11 fps

qkt NOTES: 1. Underlined values for Q indicate critical
slope for the respective pipe.

2. The stairs indicke velOcity of discharge
in fps.

fp

11

12

174



N
PIPS GOVIE minununanrrs FOR karrsuss (ni Fur)

(Data Prepared by the U. S. Engineers. Office of the Chief of Engineers)

TYPE OF PIPS 130,030 LB PLUS 80.000 LB PLANE
-.

120.000 1.8 PLANE 300,000 LB_PLAMI

(Pip. Diameter in Laohae) 6 12 24 36 48 60 6 '12 36 46 60 6 12 24 36 48 60 6 12 .24 36 48 60

Clay Sewer Pipe lt5 3.0 3.0 3.5 3.0 4.0 7.0

-:

:ley Culvert Pipe (A49I50) 1.5 1.5 2.0 3.0 3.5 8.5 3.5 4.5 4.5

Coocrete Sewer Pipe 1.5 2.5 3.0 3.0 4.0 4.0 6.0

Reinforced Concrete Sewer Woe 2.0 3.0 3.5 4.0 4.0 3.6 4.5 IP

51

Reinforced Concrete Culvertsulvert Pipe 1.5 2.0 2.0 2.0 2.0 2.5 3.0 3.5 Q6.5 3.5 3.0 4.0 4.5 4.0._6.0 7.0 9.0 10.0

Reinforced Concrete Culvert Pip.

extra Strom 1.0 1.0 1.0 1.0 2.5 2.5 2.5 2.5 3.0 3.5 3:i 3.5 4.0 5.0 6.0 6.0 7.0

Corrugated Metal Pipe - 18 Gage 1.0
_

1.5 2.0 2.0 3.0

Corrugated Metal Pipe - 16 Gags 1.0 1.5 1.0 2.0 3.0 1.5 2.5 4:0 2.0 3.0 6.0

Corrugated Metal Pipe 14 Gage 1.0 2.0 . 1.5 2.5 3.5 2.0 3.0 4.0 2.5 6.0 7.0

Corrugated Metal Pipe - 12 Gage 1.0 2.0 1.5 2.5 3.5 1.6 2.5 3.5 4.0 4.0 6.0 7.0

---
Corrugated Metal Pip. - 10 Cage 1.0 1.5 2.0.. 2.5 3.0 2.0 3.0 3.5 4.0 3.5 5.5 6.5 7.0

Corrugated Metal Pipe - 8 Gage 1.0
.

2.0 2.5 2.5- 3.0 3.5 St& 5.0' 6.0 6.6

MOTES: 1. Pipe to conform to ASTM Speoitioaticoa except as n Pipe produced by certain manufacturers exceeds strength

establishid by AST) standards. Whig proof of extra ngth.is submitted the minioum cover may be varied accordingly.

2. Cover for pipes within landing or taxiway strips or stellar traffic &roes shall be provided in accordance with

above table except as provided for rigid pavements in.Rote 3 below.

3. Pipe placed under concrete airfield pevemente vbel 1 have a minimum cover measured below the slab of 1:0 foot for

plane loads up to and including 120.000 lbi. and 2.0 feet for 300,000-lb. pine loads, except that minimum cover

below thickened edges may be reduced to 0.5 foot for 120,000-lb plane loadapr less. and to 1.0 font for 300,000-1b.

plane loads.

A 175



/ &7
:Recommended gages for nestable

corrugated pipe

Diam. in
inches

Waterway
area

(sq. ft-)

Fills up
oto 8 ft.

Fills up
to 16 ft.

20-ft.
fill

25-ft.
fill

30-ft.
fill

35-ft.
fill

40-ft.
fill

'41

8
10
12

15

18

21

24
30
36

48
54
60
66
72
78

84

'

.35
.55
.79

1.23

.1,-

1.77
2.41
3.14
4.91
7.07
9.62

12.57
15.90
19.64
23.76
28.27
33.18
38.49

16

16

16

16
16

16

16

14

14

14

12

16

16

16

16

16

16

16

14

14

14

12

16

16,

16,
16

16

16

16

14

14

12

16

16

16

16

16

16

16

14

12

12

16

16

16

16

16

16

14

14

12

10

16

16

1*6

16

16

16

14
12

12

10

16'

16.
16

,16

16

16

14

12

10

8

12

10

8

8

8

8

8

10

8

8

.,8
13

8
8

8

8

8

8

8

8

8

8

8

Must
signed for
fiu heights
others
40 ft.

8

8
8

.

be de-
these

and
above

12 1

12

10

10"
8

,.8'

12

10

10 A

10

8

8

Note. Culverts below heavy line should be strutted during installation.

Strilt spacing using 4- by 4-inch timbers with
compression caps

Diameter
v in
inches

Length of
, strut in

inches

Fill heights, in feet

1 -S I 5-10 I 10-20 I 20-30

Spacing of struts in feet

- 48

54

60

66

72

37.5

43.6

49.8

56.0

62.2

6

6

6

6

6

i

6

6

'
1

6

6

16

6.
6

6

6

6.
6

5

t

ANNEX A.6 For Use With Subcouse 359
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