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Introduction

Drainage of highway, strictly speaking, refers to
the removal of surplus water within, the highway itself
and satisfactory disposal of it. The term is commonly
used, however, to include also the prevention of water
frbm reaching the highway and the controlled movement of
water along and under the highway.

The water involved may be that precipitation directly
upon the highway i1tself; it may be the surface run-off from

ad jacent areas; it may be underground water moving through

Li0

subterranean channels or strata, or it may be moisture ri-
¥ et Do

sing ¥, cdpillarity from the water table underneath the
roadbed.

The nature and extent of drainage that must be pro-
vided will vary:
1. with the type of soil on which the road is built.
2. the precipitation in the area.

3« the topography.

Types of Drainage Problems

l. Surface drainage. It involves the disposal of

‘storm or snow water in so expeditious a manner that the
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percolation into the soil immediately under the road
surface will be reduced to a minimum. Its standard

solution i

n

one of providing ppen channels to carry the
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vention of the flow or percolation of water, other than
that which is being carried in the ditches, into the
soil in the wpper 50 or 75 cm of the subgrade under the
road Surface. This water, of course, originates in pre-
cipitation but sinks into the soil and collects in under-

ground pock

114

ts of porous materials or flow in underground
seams and porous layers, sometimes for great distances.

o

It is usually referred to as ™ree water™ to differentiate

it from water held in the soil by surface tensions or
capillarity. Free water is a prolific cause of landslips
along the side slopes of cuts or embankments that have
been made in grading the highway. It may also serve as

a reservoir to supply water that seeps
immediately under the roadway surface or is drawn in by
capillary action, rendering the supporting subgrade

unstable.

Surface drainage

Surface drainage is considered to be the removal,



control and disposal of water which has been

tated directly upon the surface of the roadway and

immediately adjacent areas. It also includes the
water produced by melting snow and ice on these same
areas.

Pavement surface. The pavement should a: be as

witertight as practicable to make it in order to pre-

vent the water on the surfzce from entering. It should
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o ficlently smooth and
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t crown so that
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the water will flow to the edges rather than stand in

puddles on the surface or flow longitudinally. If steps

are not taken to prevent such action the water flowing
ff the pavement will seep downward at the edge of the
pavement tTo the subgrade below, where it may result in

frost heaving, mud pumping or subgrade unstability.

Shoulders. The water on the shoulders, whether falling

there dir

rectly or running off the pavement may be pre=-

vented from

alternate the shoulders may be constructed of materials
pass downward and

Lo O |

outward without causing damage to

shoulder or seep-

ing into the subgrade. Densely graded granular material

A



is best for this purpose as it does not become unstable
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oide ditches. The surface drainage of highway is usually

o

accomplished by side ditches which flank the portion of

the roadway that carries the traffic. In most instances

n ST vy | o s T3 1. 2 A b - 1 - da vrasatidroad
4 Simple slde ditch 1s all that is required, but some-

times special provisions are needed for the effective
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removal of a very large amount of storm water that
be expected during certain seasons of the vyear.

2 2 year

at least 25 cm
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The bottom of the ditch should

!

lower than the subgrade elevation in order
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Irom the base course under the pavement and
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itches the flowline should be smooth and have a
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0.5 % for unpaved ditches. If the ditch is in easily

eroded material and on a steep grade, it should be lined
1

with sod, crushed

erosion resistin

(i T = LT : + % o
Outlets should be provided at intervals frecuent

L

enourh to avoid erosion or exceeding ¢
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1e capacity of the

ditches In general the outlets should be not more than

200 m apart for unlined ditches. A suitable inlet or



headwall should be constructed to permit the water to
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pass readily from the road ditch to
éross-drain pipe below. At the end of a cut the water
from the ditch should not be turned locse to flow down
the toe of fill slope, but to reéduce erosion, a definite

channel, sodded or paved if necessary, should be provi-

ded to take the water to a or
culvert.
Generally there are two shapes of side ditches used:
l. V=shaped which is used when the capacity
of water is not great and when

A e

the farms during the dry season of the vear.

2« Trapezoidal,; which is used when the capacity

water is great. This type has advantage over the

V-shaped since it can secure great capacity without the

necessity of using & depth which will introduce side-
slope problems. The various designs used for side

ditches are shown in figure IL

The amount of water to be carried by the
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Run=of
side ditches along the highway is the run—off from the
area contributing thereto. Frimarily this water comes
from the portion of the road between the ditches,upon

which there is more or less impervious wearing surface,
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and from the earth shoulders flanking the roadway sur-
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which are usually fairly hard. It may be assumed
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that for storms of short duration, about 75 % of t
water that falls on the area between side ditches will

run to the ditches and that for storms of exceeding 15

minutes in duration all of the w

area will run to the ditches.

area between the ditches and the right of wa¥ lines

and from adjacent lands which slopes toward the ditches.

The rate of run-off from this area will depend

. nature of the
or general purposes it may be assumed that for
storms of more than 40 minutes' duration and for short

downpours at

the drainage
the total area, the rainfall characteristic of the region,
and the slope that may be obtained for the ditch, the

area of cross-section may be computed by determining the

velocity by means of Chezy formula, using Kutter's for-

mula for determining C.
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Although under many conditions it

i

lecessanry

to go to the requirement of computing the ditch capa
it is imperative to provide sufficient longitudinal

slope to insure that the ditch empties quickly.
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plementary ditches. It is often desirable to

-

intercept, by means of a supplementary ditch, roughly
sy water flowing from the adjacent

lands towards the road. Such water is frecuently the

—

cause of landslips in highway cuts. A supplementary

ditch is especially advantageous where the amount of

1]

drainage area to be provided against is large.

slopes of cuts can be protected in this way by means
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of supplementary ditches few meters back of the upper

edge of the side slope. The use of supplementary ditche

is illustrated in firsure II

Tile to supplement side ditches. If side ditches on

flat grades must carry storm water

and in considerable guantities, 1t is to be expected

that during rainy weather the ditches will impound water

ior a
dition favorable to the percolation of water into the
subgrade in quantity sufficient to lower appreciably

the supporting strength of the subgrade soil. To expe

onsiderable period of time. This creates a con-



the removal of the ditch water and thus minimize this
hazard, the drains are laid below side ditches to supp-
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lement the ditch capacity. To be effective, suct

m
@]

tile msut be of ample size and have a free outlet
that full advantage may be taken of the capacitys

The principle advantage of supplementary tile is
block the ditches, thus preventing the free flow of
the storm water along the ditch. It will escape through
the inlets, rather slowly ko be sure, and thus eliminate
impounding in the ditch. In th

snowfall, there will usually be a period during spring

i 10 + 3 - 3

that when the ditches are only partially effective,

e

considerable water will be held in the diteh 3f t4ile s

o

not used or if there are not adequate inlets to the tile.

Fa

Drainage of embankments., The surfsace drainage of road

surface located on an embankment is not much of a problem
when the fill is not more than about 2 m high and com-
posed of carefully compacted soil. The low fills can

be built with a reasonable flat side slope which, in
humid areas, will soon be covered with grass which will
protect the slope from erosion. When the side slope is

k) 4,

made of sand and when the embankment is more than 2 m,



the maintenance of the side slope becomes a trouble-
some problem. Storm water that flows down the side

slope of the fill will carry away g

at quantities of

soil when preventive measures are taken. This type of

erosion may be minimized by constructing a ridege or low

curb along the edge of the roadway to confine the weter
that falls on the tbp of the embankment and carry it
to paved flumes arranged to carry the water down the

side slopes at appropriate intervals.

Underground Drainage

Storm water that percolates into the soil

downward and laterally, its course depends upon
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many conditions of soil and topography. The underground
water flowing freely through the soil may be the cause
of unstability in the soil under a road surface and very

often is the underlying reason for the failure of the

wearing surface to with-stand the pounding of traffic.

The level of free underground water may be held to



It will be convenient to consider 3 distinct con-
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ditions that are encountered in designing tile quPf'rHluc

for highways

The first condit

r:.

-

;ion is that the tile is employed to
supplement the surface drainage in addition to lowers
the ground water level

. . O
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The second condition is that which is encountered
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in relatively flat country where the water must be ca=-
rried for long distances to reach an outlet, and where

the soil is of such a type that it reaches a state of
saturation rather quickly after a storm.

The third condition is one that encountered
hilly country more frequenily than elsewhere but mavy
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exist under any topographical condition. This particular
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fhe drainage requirement of = road wWhere such con-
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altions exist will be ex ceedingly variable and can be

determined only by a careful survey prior to begining
construction work and durine the process of construction

using test-hole experiment whenever ground water is a

(= 8



probability. The drainage method app
these locations is to provide tile lines to intercept
the flow of water to an outlet remote from the road
surface. The size of the tile to be used in such a
case is dargely a matter of judgement as there is no
reliable basis for computing it. Obviously, 1t would

"

Lles when the road surface is

‘-_|-

be unnecessary to lay t
built on the porous soils such as sand and
sandy loans.

There are three objectives to be attained in an
underground drainage:

1. removal of stationary free water in the soil
by lowering the water table and providing outlets for

basins surrounded by impermeable material.

2« collecting and disposing of water arising in
springs under the road or seeping down from the surface

of the highway.

3. intercepting seepage water from outside sources

before it reaches the highway area.
N

Types of underdrains: An underdrain usually is a trench

.

in which a pipe line of clay tile, concrete tile or per-

forated corru

'|t:l

ated metal is laid, the trench then being

backfilled with porous material. Sometimes the pipe lin

11



is omitted in which case the backfilled trench is called
1‘ » . ™ 3 £

a blind drain or French drain. The type of drain to be

used will depend upon the source and the volume of water

to be handled, the availability and cost of the pipe, and

the chemical properties of soil and water.

Location of underdrains. If the water is coming toward

o
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the road from one side only, a single drain on that side
to intercept the water before it reaches the road will
be sufficient. If the highway is in a valley where seep-
age comes from both sides or if the intent is to lower
the water table, drains may be required on both sides of
the highway. If the water is moving along on impervicus

layer the trench should extend 2-3 cm into the la

o

If it is held in a basin by impervious material, the
bottom of the trench should be slightly below the low

e
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point of the b the removal of free water is
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desired, the drain should be deep enough to prevent the
ter rising by capillarity above the desired elevation.
Generally the drains should be at least 1 m underground

and in areas subject to freezing temperatures they should

be low enough to hold the water below the depth to which
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Size of underdrains: The ordinary range of size of

in diameter, with

hes
sredominating in usage.

the 6-inch and inch sizes j :
Smaller pipes than 4-inch size are generally undesirable

because of likelihood of their becoming clogged.

-

Size and location of perforations: When perforated

metal is used best results will be attained by double
holes about 0.75 cm in diameter and
spaced approximately 3 cm centers on each side of the
pipe and in the area Jjust above a line 30 degrees down
from horizontal axis. There should be no perforation
in the bottom third of th:
no outward seepage from the pipe where it passes through
dry material. Holes in the top half or third are un-
necessary and should
for backfill material to enter,

Filling trench. Trenches for perforated pipe should be

filled to the level of the perforation with well-tamped

impervious material and the remeinder of way to the top

with porous filler material;for nonperforated pipe the

e e = 1 o 1_}

porous filler material should extend from the level of

the bottom of the pipe to the top of the trench.



The filter material in the main body of the trench
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sides or top of the trench until the drain is useless .
If the backfill is too fine the moisture film
surrounding the individual particles lerge and com-
pletely fill the pore spaces so taht no water will pass

through the filter. Also if densely graded
is used the small particles will fill the interstices

ial because the water bebeath the pipe cannot enter it

and so will either flow along under
blind drain or be trapped under the pipe to cause a per-
manently wet condition.

Vertical sand drains. Occasionally
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bearing clay, silt or mud supplied by underground streams
may be situated under the area to be occupied by an em-
bankment and may extend to such a depth below the surface
by horizontal underdrains

that it cannot be drained



because of lack of outlet. Nevertheless, it must be
drained or it will be a constant threat to the stability
of the embankment. In such cases vertical sand drains
ith horizontal cutlets at the natural ground surface may
be a satisfactory remedy. The vertical drain is construc-
ted by drilling vertical holes from the ground surface to
the bottom of the water—bOﬂfinr layer and filling the ¥
with sand. A still casing should be driven to follow the

1

drill to the bottom. Then as sand is poured into the hole

rr
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to completely fill it, the casing should bhe gradually with-
drawn. The size and spacing of the holes will depend 1
on at the site. At the ground surface
the vertical drains should connect with a system of hori-

zontal perforated pipe, tile or blind underdrtains which

will carry the water outside the rbalway area.

Subgrade drainage @ ce is
to minimize the effe orti

capacity of the material upon which the roadway surface
is constructed. It is important in this connection to
differentiate between free water and water that is held
by capillarity. Free water being in motion, the quantity
in the pores of the soil at any time depends upon the

texture of the soil, the supply of free water available




for replenishing the evaporation loss and the extent
of evaporation.

Suitable underdrain system will minimize the dele-

terious effects to eliminate capillary water and in humid

regions the soil under the road crust @s usually moist,

even in dry weather. If the soil is a
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when wet, this promiscuous wetting im small

cause unevenness in the road surface. Even concrete
slabs will be lifted by the swelling of the soil. Types
of ®oil that do not swell will be softened sufficiently

to effect the supporting strength of the area reached

Relation of drainage to

aped bulge which becomes
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unstable as soon as the supporting ice melts. From its
] oo . e e el —~ e bared ek b i ol = ~ 3 - 1 ac e oo
characteristic appearance this /2hp been dubbed as "frost

boil™. A road surface of any flexible type on top of
or adjacent to a frost boil is rendered unstable and
often impassable when the ice melts, and even heavy

wearing surface are seriously damsged in some cases.
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20 lar as 1s now known, two methods are ava

ilable
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Lor minimizing the disturbance of road surface from the
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resorted to when the subgrade is com-

and replacing it with more stable material.
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ge conduits are concrete or metal

i A Ly Baee - Loty "~ =
L2y or cement concrete tile, and monolithic concrete
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Julverts. The tem culvert is used by engineers to designate
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16 structure employed to carry water through hi
han l- - |

pankments or under a roadway sur
the discussion of culverts will be limited to those drain-
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The function of culvert is to carry water from one
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slde ol travelled way to the other and the controlling



l. provision of sufficient area of
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accomodate the of water through the culvert.

2. structural strength sufficient to carry the weight

of ety

$i

loads that pass over the

cEithe FAT 1V and . thertra
culvert.

)rdinarily the culverts are circular or square in
cross—sectional area, but where headrocom is limited a

rectangular cross-sectior
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height of the opening is much less than the width. Under

0o

similar cércumstances of restricted headroom a battery of

circular culverts may be

circular. larrel.

Qi7 Or‘ neée i gar ﬁ.l' s atriietiire nnenine ashot ~ he amt 1T
Sig I openings; The structure opening should be amply
large to handle the volume of water without seriously

1

impeding the flow and to permit the passage through it
of boulders, logs and ed by the stream.
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requlred size may be calculating the drainage

area, FEven though a of water is involved, it

is essential, in order to provide for cleaning of the culvert,

or underdrains no culvert

4 inches be installed
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Iin the determination of the

consideration should be given to



flow of most streams is
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tances in each individual case.

ulvert inlet. The headwall, wings and other ag
at the culvert entrance have the folleowing import: func-

tions to perform:

tural

l. to retain in its prop

eround and ambankment slopes near the entrance.

. L . = g e al 1 e . 1 e ) L -
the stream from the shape of the approach ci nel to the
o T e -
g of the culvert.
' £ . P . = - 14 e 1 Yot - Sk 1 =
4, rovide for entrance of the wa into the

n maximum e

event erosion of the approach channel.



Ideal inlet structure: As a rule, the above functions will

be best performed if the entrance structure includes the

a. headwall and wings extending high ehough above
the ground slope to prevent materials from sloughing into
the inlet basin.

b. wings extending well upstream and flared and war-

ped to form the best transition from the

cross—section to the culvert cross-section.

c. an apron extending the full length of the wings

with a cut off wall deep enough

the more restricted area of the culvert is reached.

e. rounded-lip, beveled-edge or flared entrance to

T o L, (R =, S
cne wings 4nd uie

the culvert.

ace of the headwall perpendicular to.the axis

Although such construction will be ideal and the
most desirable type under critical conditions, it may

be impractical or the cost may be exorbitant in many

=0



cases and frequently some other type will serve satis-—
fagtorilys
For small velocity streams with either direct or

undefined approach, a straight headwall without wings

or apron will be satisfactory anc

1

and ease of construction will be most desirab

Sulvert outlets: The objectives to be accomp
the outlet of a culvert are different from those at the
inlet and, except perhaps for appearance and simplicity
of design and constructions there is no reason for the
outlet to be the same.as the entrance. The natural
ground and embankment slopes must be prevented from en-
croaching on the channel and together with the side and
bottom of the channel must be protected from erosion.
Pipe culverts carrying small or low velocity streams, or
harging onto rock,
satisfactory without any endwall whatever. If no wall
is used the pipe should extend beyond the embankment
slope far enough to avoid undercutting or eroding t
slope. I the end of the culvert is on filled ground

and endwall structure may be ¢

of the fill might leave the endws



Usually some type of endwall is

if an abrupt change in direction of flow is required or
if the channel or natural ground has 1
to erosion. Ordinarily the dis
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ypes of culverts. Culverts are constructed of a number

of kinds of materials and in several forms. Any one of

te convenience and cost of
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these may be used
onstruction in a given locality. It should be certain
e selected

that the structural strength of the particular typ

is adequate for the load it will be called upon to stain

0

leinforced concrete culverts: Reinforced concrete is a

degirable and widely used material

satisfactory for culverts, where the rectangular section
fig 3

is desired and for culverts that pass through side hill
ills on considerable slope or for culverts that are

3

built with drop inlets

in almost every lecality and can be transported to the

site at low cost because they are carried in small units

ly to the location and load to which it will be subjected.

Inverted siphons: Occasionally both the inlet and the
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oulet of a culvert must be at a hig
possible for the flowline elevation under the highway it~
self. Resort is then taken to what are commonly known as

vertical siphons although this is not a correct designation

ertical wells are



a4

gt
i
D

ct

constructed at each end of the culvert to pass

down from the inlet channel to the culvert and back up

to the outlet channel which must be lower than the inlet

channel by the amount of head lost in the structure. Both
1

the we

1s should extend below the culvert flowline to

provide basins for sediment and provision should be made
to the wells. Because of the loss of
head, the danger of obstructing the wate the diffi-
culty in cleaning and water when f'low is

intermitted, inverted siphones are undesirable and should
only be used when no better solution is practicable.

Debris control devices: Streams freguently carry with

them, either floating or rolling along t

siderable guantities of debris rengi £
and small twigs to large logs and ders. 0T

vision should be riade at or near the culvert entrance to

reduce the interference of such debris with the satisfac-

For small structures the best barrier will usually

directly across the culvert entrance. The spacing of
the barrier members should be such that nothing will p
larger than the culvert can handle. The barrier shoul
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preferably be high enough to prevent the water and float-
ing debris going over the top even when the water level
is raised because of the obstruction of the lower portion
of the barrier by debris, but in many cases such construc-

tion will not be feasible.

Stream Channels

Importance of erosion prevention: Because of

of damage to the highway itself and also to adjoining
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lands, it is essential thaot provis
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erosion of ad

L W T

acent streams channels. This is especially
necessary when new channels have been created or when old
ones have been changed or disturbed. A channel which has
existed for a number of years has usually become so we.
established that it is little affected by the erosive

force of the stream. If the alignments; prade or cross-

section is changed, o if the channel is partly filled

so that the stream is crowded into a narrower channel,
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currents and eddies developed, the changed velo-
3y . &l 3 S - - s R B WS T e Ll e T

city and the new surfaces exposed tO the stream may oe

the source of considerable trouble if precautionary mea=-

sures are not taken.



o
o

When a new channel or revised channel is necessary,

abrupt changes in the alignment and grade should be avoided,

1 =

the bed and the banks should be reasonably smooth, and the

- 19

cross-gsection should be as uniform as the conditions per-
FE

mit. The grade line will usually be controlled by oround

1

conditions but preferably should be the minimum required
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for satisfactory drainage. Occasionally adequate protec
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tion can be provided only through the use of such special
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portland cement concrete, stone masonry, grouted rubble

Riprapping: Riprapping is particularly ad

[} 'y " o -

)

: . + aap+tAna -~ Ana ar hoth eidas
when only intermittent short sections on one or pothn Sldes

need protection such as curves, at structure approac

outlets, where the highway encroaches on the original

channel or where channel changes have been introduced.
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Check dams: When steep grades for channels cannot be

avoided, erosion can be prevented by construction of
check dam. They consist of series of deams built across

the channels so that the flow-line grade between dams

The dams may be constructed of con-
crete, masonry, metal, wood or any other suitable mat-
erial.

Tt

Vegetation: Trees, brush, sod and other vegetation

along the stream banks will assist consideral
control of the erosive forces and at the same time im-

1

prove the appearance. Their growth should the

4o mey b

e encourages provided they do not detrimentally im=
pede the [low nor cause lebris to become lodged. I1f

there is insufficient natural growth, planting may be



Foundation & Excavation

Foundation for structures It is essential that the

foundation under a structure provide support &as

k|

and as nearly uniform as possible under the entire hear-
ing surface.. Whenever conditions permit, the bottom of
the excavation should be on solid ground for its full len-
gth and width. If it can be provided culverts should not

n undisturbed

)

be placed partly on filled ground and partly
natural ground because of the probability of unequal settle-
ment which might distort or break the structure. This app—

lies transversely as well as longitudinally and when a side-

hill location is used the culvert should be benched into

H-

the hillside far enough to be entirely on seclid ground.
If part of the culvert must be on filled ground, the filled

materizal should be placed in thin layers

m

thoroughly com-

pacted so that it will provide a foundation as nearly com-

parable to that afforded by the natural ground as possible.
The installation of drainage structures or systems

in embankments should be avoided whenever practicable to

do so because of the possibility of not providing a firm

foundation and of settlement which will cause breakage of

the structure or low spots which would not drain. When



such an installation must be made the embankment
should be constructed and thoroughly compacted to a
height at least three feet above the elevation of the
bottom of the structure. The excavation should then be
made in the compacted fill. ~

Unstable foundation meterial should be removed and

replaced with satisfactory material to the extent pract-

icable. If this cannot be done reasonably, a

sand, gravel or other suitable material should be placed

+

oni.the foundation and worked intc the unsatisfactory

2

terial until a stable foundation is formed. If 2 pipe

::€

culvert i1s placed in rock excavation the rock should be
removed slightly below the elevation of the bottom of
the pipe and a well-compacted cushion of gravel, sand
or other suitable material should then be placed as a

bed for the pipe.

Excavation for channels, ditches and structure inlets

and outlets. Economy of construction will usuall

require that the excavation for stream channels,drain-

age ditches and structure inlets take care of the water

to be handled. 1In some cases, however, it will be more
economical to construct a larger excavation in order to

make efficient use of mechanized methods instead of doing



:

the work by manual labor.

Excavation for structure and underdrains: The excavation

for a structure should be adequate to accomodate the
structure to be installed and should provide sufficient
working space and room for forms and bracing if required.
Economy will generally dictate that the excavation be
the minimum necessary but this is usually desirable for

stability also because the undisturbed natural ground

n
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e the
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under and at the
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tructure will ordinarily
furnish better support for the structure itself and the
embankment to be constructed over it, than will backfill
which may be placed instead.

The trench for an underdrain should be at least
15 cm wider than the dizameter of the pipe, the width
ordinarily being the minimum which it is practicable to
dig. If dug by hand labor the trench must have a mini-

mum width of 40 cm as a man cannot work efficiently in

a narrower width.

Installation of Drainage Structures

Installation pf pipe culverts and underdrains: Pipe

)]
f" 4
o

be lowered into position by means of ropes only. When

this method is used the pipe is placed alongside the



trench directly above its final position. Long ropes
are passed under the pipes, one near each end with add-
ition rope at the intermediate peoints if needed. One
end of each rope is anchored and the other enc
pulated and paid out with the pipe rolling in the bight
until it reaches the bottom of the trench. Cranesmocunted

on the tractors or trucks may be needed for the larger

pipes. The tractor mounted cranes are especially useful
in rough terrain where the pipes cannot be delivered by
truck to the installation site. The tractor crane can

then be used to carry the pipe to the site as well as to

"_J
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it into position.

3
1

Fipes for culverts and underdrains should be careful=-

ly placed so that they will be accurately aligned both
vertically and horizontally and will on a sufficent-

ly firm and uniform bed to prevent settlement or displace-

”
the adijacent bells. The outside

)
i
=
=
ct

s of corrugated metal pipe should point up grade

and the longitudinal laps should be on the sides.



Backfilling: Backfill material should be the best

available in order that uniform bearing may be pro-
vided. Granular material is preferable and in any
event the materizl should be free from large stones,

lumps and rubbish. To obtain uniform pressure against

o

the pipe or structure the backfill material should be
placed in layers about 15 cm thick and thoroughly cem-
pacted, water being added if necessary to bring the
material to the optimum moisture content for maximum
consolidation. To avoid displacing or unduly stressing

i1line should be done simultaneously

the structure backi

on both sic

bds

es.

In the case of pipe culverts there should be a
verm of compacted material on each side of the pipe
at least equal to the diameter of the pipe, except in
so far as undisturbed material obtrudes upon this area,
and the compacted backfill should extend at least =0 cm
and preferably a distance of two diameters, above the
top of the pipe. For structure such as box culverts,
abutments and retaining walls the berm of compacted

material should extend behind the structures a distance

at least equal to the height of the wall being back-

filled against, except insofar as undisturbed material

(=
F

32
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apecial care should be

obtrudes upon this area.
given to tamping material under the haunches of pipes.
The backfilling for trenches and other small

areas should be deposited by hand shovels and com~

pacted in thin layers by hand tampers or mechanical

ct
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g
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w
.

Whenever space may permit the backfilling
may be done by means of bractors and bulldozers,
special backfilling attachments for tractors and

power shovels, or other suitable equipment, and the
compacting may be accomplished by means of rollers.
Pipe culverts and other structures should be adequate-
ly protected from damage before any heavy equipment is
operated near or over them. Water can sometimes be
used to facilitate the settlement of granular backfills
but it should never be used where conditions are such

that liquid or semiliquid pressure may be developed

within the berm area.

Loads on culverts under f£ill: The load that a culvert
must support consists of the

portion of the weight of
the embankment carried by the culvert and a part of
the weight of traffic on the road surface over the

culvert,



spreadine action of stiff wearin

a g ] i L
estimate a 50% reduction.

Experiments have shown that the portion of the
weight of the embankment that is carried by the cul-
vert depends upon the method of placing the £ill, the
method of installing the culvert, the nature of th
soil that supports it, and the unit weight of the mat-
erpaél. The load due to the fill material may var
Prom the weipght of a prism of fill directly over the
conduilt to lozd to three times that amount.

Effects of traffic load: A part of the weight of the
traffic over the surface is transmitted through embank-
ment to the culvert. The extent to which traffic loads
are transmitted to the culvert depends upon the nature
of the surface of the road. For unsurfaced roads or
1ight gravel or oil-mixed surfaces it is best to assume
that the road surface does not effect any distribution
of the load. If a wearing surface is employed, like
conerete or heavy bitumenous macadam, the portion of th
traffic load that reaches the smaller culverts is much
than for the case of the unsurfaced road. lthough no
dependable data are available to indicate the of
the reduction of loads on culverts through the load-

]
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ART II.

DESIGN OF STRUCTURES

Drainage Areas Measured by Planimeter

b

'&J

£

8+3 m? L = 24,5
0.44 ™ = 108.0

0.80 7 = 198.5

O34 ® = 84,5
026 % = £9.5
axh—*" = 124.0
e 20 " = 449,86
Qa4 ™ = 52,6
D. 28 % = B£%8.5
5 0 - = 184.0
iy 1 = 124.0

o



(%3]
(5}

Dividing the areas into general groups:

feas
‘,..J

Type I - ajz = 496 acres = 0.775 sq. miles

Type II- 210 and a, , area=273 acres = 0.426 sqg.mile

[

TypeIII- ajgs all, ag and ag = 124 acres=0.194 sg.mile

o<
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®
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[45]

y axy a5y av, ag and aq area =

-
&

1
O

Type V - other smaller culverts.

openings by Talbot's formula

Type T

A = gross-sechblion area

¢ = 1 in mountenous areas.

==

a = drainage area
: 5/ 4
s % AN=11 X 496 104.5 sq. ft.

In acres

The area is for stream of normal velocity of
meximum 10 fps. To reduce the section we increase the
velocity of the water through the culvert by increasing
the slope of the culvert.

... We have 104.5 x 10 = 1045 cfs o
discharged.

If we allow the slope of the culvert to be 2%

The discharge of 2 parallel culverts of 5 ft x 4 £t box

!...._
-
@
N
L]
A
be
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!

1046 cfe with a velocity of
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in mountenous areas

)

3 N B = l X 9|7J = 5’7 'q. _Etv

This area is for streams with a normal velocity

From table T we find that for a slope of 2 % the

discharge of a 5'x5' box culvert is 700 cfs and its

#
’_I
'._.l
n
i~
|

7.2 sq.ft.

[
[ =}
w

re = 37,2 x 10 = 371 ¢

from table I for a slope of 2 % the discharge of
41 x 4' box culvert is 378 at a veloclty of 83.4 fps.
Type IV
3/ 4
A =1x 84,5 = 27.9 s8q.ft.

D = 27.9 x 10 = 279 cfs
from table I for £ % slope the discharge of 4% 'x 3" box

culvert is 264 cfs.
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For smaller discharge use box culverts

which discharge 59 cfs with a 2 % slope.

Size of opening by the use of Fable II.

For an area of 0.8 sg.mile the waterway area

The discharge will be 33 x 10 = 880 cfs (since

the veloecity of the water is 10 fps)

i

or 2 % slope of culvert the velocity will be

Lal

26.2 fps; the discharge of 2 culverts 5'x4' in paral

ig 2 x 52% = 1046 cfs {(from Table T

Type IT

For an area of 0.5 sq.mile the waterway area
required is 66 sq.ft. (Table IT)
D = 66 x 10 = 660 cfs.

for 2 % slope of culvert the velocity will be

28 fps of a 5'x5' box culverts D = 700 cfs. (Table I)
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For 2% slope of culvert the velocity will be

"
A
.

¥
.

ps of a 4'x4' box culvert.

For & 4 slope of culvert the

of 4'x3!' box-culvert.

for road of 4 or more lanes .




Table I. Discharge capacity of box=-culverts.
[ = I )/

40

Slope 2'xa’ 41'x3! 41x4° Stx4! il 4
Vel. Dis. Vel. Dis. Veles Dis. Vel. Dis. Vel. Dis.

Oed  Ta¥ Sk 10.8 130 1.8 186 13.0 2860 13.8 340

1.0 10.4 42 15.0 180 18.7 267 18.5 *'870 19.0 475

2.0 14.8 59 22.0 =264 25.6 . 378 26,2 * BE23 28,0 700

5.0 18.8 "3 28,5 518 £29.0 464

4.0 21.0 84 30.5 3686

A

0
.0 23.5 94
O

26.0 104

-~ Table I is “igured from church's diagrams of

formula using n = 0.011

L43]

Kutter's Formula expressed in metric units i

A

23 +

T £ L. 001858
= : s
n r
Vo= = ¥ =R
. # 5-
13 ( 0% + 0 O"]‘l 5! ) il
& p—
v r
Expressed in Enclish units, the formula becomes
AT e e a8EL + 00028
n 8 frmg-
B N TS
¥ = 0. 00281
l + (_ﬁl.;?‘ + S )




Table II. Santa Fé Size of openings

Area Area of Area drained Area of waterway
drained waterway in sq.miles in sq.ft.

in sg.miles sq.ft.

0.1 16.0 0.45 82.0
3l s, 85,0 AT 5640
0020 :7'200 OQ-T’R 7000

38,0 0.5

030 44,0 0,65 78,0
0.35 1 e 0.7 81.0
0.40 560 0.80 88.0

observation of

streams
Kansas, Western Arkansas
and Southesastern of Indian
fegion steep rocky slopes
and the soil absorbs but a all percentage of the rain-

falls.

Size of COpenings
Lype No. By Talbot's IFormuls By Table Il
Height width height width
fto m fto Tle il B G W
I 2 4 I+ B 1.5 4 ) R T
33 1 5 1.5 &5 % 5 i Y O
ITY x 4 I8 4 1.2 4 1.8 4 1.8
Iv - 3 0.9 4 1.2 51 0.9 4 1.2




Structural Design of Culverts

Assumptions:

1. 2/3 of the weight of the fill and 1/2 of the
traffic load will be transferred to the culverte.
2. The f£ill will be sand and gravel rammed .

3, Live load 20 tons.

4, The live load as well as dead load will be con-

6, The pressure on the sides of the culverts are
uniform and it is equal to the average of the top
and bottom pressure.

o

Justifications for above assumptions.

1. due tb the arch action the wel ht of the fill above
the culvert is distributed and it is carried to the
sides of culvert which in this case acts as a column.
2, sand and gravel will be the best material for roads
mixed with a small percentage of clay or gilts IE %8

3

also the heaviest. In case other materials are used

d gravel and the design



3, Phe live load will very rarely exceed 20 tons; SO
it is not economical to desirn for heavier loads.
4. due to the arch action and rigidness of the road, the

live load will be distributed uniformily on the culvert.

m
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side it is better to as

=1

because you cannot tell what

get and how well the concrete
will be mixed and poured.

A s A4FF AT a8 oy 4 £ i }‘\‘\' onTrTren o 'l_ —L St ales
De fhe diilference O moment Ioura ._J‘/ correct and L1ong
method will be so small from the approximate method,
due to the short span, that it is not necessary to go

! 3 of

inte that trouble as it will be shown later.



Dead load one foot length and one foot width of road

1gt 120 x 10 #/tt.

]
=t
IRy
s |
O

Live load 20 x 2000 x 1/2 x 1/30 x 1/5 = 133 #/ft.
M = Kbd

=
1l
1,_!
D
4]

for 16,000 psi unit stress of steel and 650 psi

unit stress of concrete.

M = 1/8 x 1330 x 5% = 4160'#

. 4160 x 12

d = 6.2" make total thickness 7 in
JE\.S ._.._gf"t L 1 ‘1160 X 18
Tsid 18000 x 0.874 x 6

= 0,595

area of 5/8™" ¢ = 0.30683

. , ) 0.595

number of bars required per foot = F =5y = 1.94

By SR ? LA R xS 5 " "
spacing oi bars = §.8 in ; meke 1t 6 i O te G

bottom of the culvert.

Design of sides:

The pressure of the earth from the sid

. LR PN . Y,
K = 0.27 for angle of friction of 35° and 0
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ubstituted by one ft. of fill

] 4
e — =
[»]
i
p; = 0.287 x 10
= 1620 #/1t.
5 = b
I.:, = N.87 x 14 s
Ps " e
- 3 = ‘]_Sr) ,'f// L Ge
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162067,
W
4 Y A {
4 e 3
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R._; 4270 RK= 53 DO
Ry, = 1620 x 4 + 1540 x = 3240 + .1030 = 4270

(o] I

ti’p{‘ LE20E x4 ot LEAG el &€ = 8240 4 = BE06

2 2 £
T . T Sl = - Rt i =l
ine momentc Wl.l De maXximum here the shear is zeroe.
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We find the value of X by quadratic formula

. e !
e 10 g ¥YRo= 4 de _ = 1620 = VIBE0°+4x10Bx4270
2 a s 2 x 193

W = e @000 e e N = TR Em e (2L 1 w20 EL = E540 x8.11xR2.11xg.311
)2 4 2 3

Cx

= 9000 - 3600 = 600 = 4800 ft-1b.

approximate Moment found by averazging the end pressure

and considering as a uniform load

L = 162043160 = 2390 #/ft.

iy

M = 1/8 x 2300 x 42 = 4780 ft-1lb.

The difference being Wery small hereafter the

approximate method will be used.
71 2
M = Kbd’

o
P I T

d® = 4780 % 12 = 43,8 in
T ]
d = 8.6 1n 'mike total thickness 7.5 in

As = 4780 x 12 = 0.6832
16,000 x 0.874 x 8.5

using 5/8" we need 0.632 = 2.06 bars per foot.
0., 3068
The spacing = 18 = 5.83 in ; make 5.5 in C to C
2.06



Jesign of Type I under a fill of 5 ft
Dead load 6'x 120 = 720 #£/f%.
Live load the same = 133 #/ft.
2
M =1/8 x 853 x 5° = 2670ft-1b.
2 5
d™¥= 2670 % I8~ = 24.5 in”
2 x 108
d = 5 in make total thickness 6 in
As = 8870 x 12 = 0.46
18000 x 0.874 x 5
Using % in @ we need 0.456 = 2.34 bars per foot
D . _Loc‘r‘
Spacing 12 = 5.13 in make 5 in C.to C.

' the sides

s = 0.27 x 102 120 = 1620 #/ft.
S ria
Average uniform pressure = 1620 + 580
2
M = 1/8x1100x4% =2200 ft-1lb.

]
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As = 2200 x 12 = 0.42 in®
18000 x 0.874 x 4.5

Using 1/2 in § we need 0.42 = 2.13 bars per foot

O. L8263
Spacing 12 = 5.64 in ; make 5.5 in C. to L.
(=] (=3
e Lo

Design of Type IT under a Fill of

The top and bottom slabs will be the same as type

one sinte it has the same span.

1620 #/ft.
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Average uniform pressure = 3840 + 1620 = 2630 #/ft.

 n)
“

M =1/8 x 2630 x 5° = 8230 ft-1b.

J

=
d*= g230 x .18 78.1 sq.ia.

d = 8.7 in ; make total thickness 10 in.

Using 5/B8™ @ bars we need 0.786 = 2.56 bars per foot
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Tyvpe I .

Decign of sides

o -3 B ey
x 6% x 120 = 580 #/ft.

o
—
1

x 112x 1960 #/ft.

Average uniform pressure = 580 + 1960 =
2

M =1/8 x 1270 x 5° = 3970 ft-1b.

d®=

SQe iﬂ.

g oimrdll = FR.Y
12 x 108

d = 8,05 1in. }

= BETO 5 Le =
16000x0,874x6

Using 5/8 in # we need 0.566° = 1.94 bars per
0. 3068
Spacing = 12 = 6.2 in ; meke 6 in Center to

1270 1b/ft.

!):-‘-t" L]

Center.



Design of Type III under a Fill of 9 piy o

Desien of top and bottom slebs.

Uniform load is the same = 1330 B/
& 3
M = 1/8 x 1330 x 4% = 2660 ft-1b.
2

d = 5 in make total thickness 6 1in.

.I\bS EF‘C"O K 1.2 e :.
TA000x0.874x5

i

7]
%)
n
=]
o
o
L]

Using 1/2 in @ we need 0.456 = 2.32 bars per [foot

= = Tal o

Spacing = 12 = 5,17 in.; make 6 in C to U

The side slabs are the same as the sidemsslabs of

(=]

—
et
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Design of Type III under a Fill of 5 ft.

1/8 x 855 x 4% = 1710 ft-1b.

=
-
iH

1710 x 12 = 15.85 Sce 1l
R T 2
4 in ; make total thickness 5 1n.

(BN
i

o
1

e = 1210 w1 E = .3687 s5q.1i0.
TA000x0,87 4x4

Using 1/2 in @ we need 0.367 = 1.87 bars per ft.
i 0. 1065

= g.4 in ; make 6 in C to C.

The side slabs are the same as Type I.

=
)

0



Design of Type IV under a Fill of ¢ ft.
The top and bottom slabs are the same as Type III
Desipn of side slabs
Py = 0.27 x 10 x 120 = 18620 #/ft.
2
[» 9 L) L}
P, = 0.27 x 15° x 120 = 2740 =Y i
; 7
Average uniform pressure = 1620 + 2740 = 2180 #/ft.
2
M =1/8 x 2180 x 3% = 2460 ft-1b.
d®= 2460 x 12° = 22.7 sq.in.
18 x 08
d = 4,77 in ; make total thickness & in.
Ags = 2460 x 12 = 0.423 sq.in.
16000x0.87 B8x5
Using 1/2 in @ we need 0.423 = 2.15 bars per foot
0.1963
Spacing 12 = 5,588 in ; make 5.5 in Center to Center
2. 15
Design of Type IV under a Fill of 5 Ft.
Top and bottom slabs are the same as type IIL.
Desgign of side slzbs
L2 '
P, = 0.27 x 6% x 120 = 580 #/ft.
> =
S o - 02 ) = F 42 d 7
Pg = O,,? & X l;’-o R l».:)f'-o ¥/ Eto

-

1450
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no

’ = - e
M= 1/8 x 1450 %= 3~ = 1a30 ft-1h.
de= 1630 x 12 = 15.1 in sqg.
12 x 108
d = 3.9 in 3 make total thickness 5 1n.
Asg = 1630 x 18 = 0,349 sq.in.
18000x0.87 4x4
Using 1/2 in @ we need 0.34¢ = 1.78 bars per foot
0. 1963
Spaeing = 12 = 5.8 3 make 8.5 Center to Center.
1.78
Design of Type V under a fill of 9 ft.
Design of tbpand bettom slabs
Uniform load is equal to 1330 #/£¢.
2 .
M =1/8 x 1330 x 2° = 6565 ft-1b.
‘_j -
d‘d: 6;‘5 X 12 ok E\- 15 S(:]o 1Tl
12 x 108
d = 2,5 ; make total thickness 3.5 in.
As = 665 x 12 = 0.228 sq. in.
18000 x 0,974 xX2.5
Jsing 5/8 in é we need 0.228 = 8 bars per foot
0. 1104
Spacing 12 6 in C to C.
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‘verare uniform pressure = 1620 + 2340 = 1080 f/lt.
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1/8 x 1980 x 8% = 990 ft-1b.

o)
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990 x 12 = 0,16 3qg.in.

e ' x Log
d = 3.1 in make total thickmess 4 in.

As = 990 x 12 = (. 284 sq.in.
16000x0.874x3

/8 in @ we

C
(6]
(S
=

= 2,5 bars per foot

. 3 1 i s ')
Spacing = 12 = 4.8 ; make 4.5 in U To .
- e
" =1



Design of Type V under a fill of 5 ft.

Uniform load is equal to 855 #/

o
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Using 2/3 in ﬁ we need 0,147
-

Average uniform pressure = 360

v
gt = = o 1as £e 271
1"1 e b, S = 400 TETLDs

o
v o = 4.5

d-= E2:12 in 4 make total thickness

As = 485 x 12 = 0,166
18000x0.87 5xE.5

Uszing d/“ in Qf we need 0,166 = l.51 bars

per foo
0. 11024
Spacing = 12 = 7.05 ; make 7.5 Center to Center.
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It is very convenient the ditches into

. s = B o s i i e [ My e T —— LY P | e SNy — 5= e 4= - = T

3 different types. Type I having slope of 8.5-7 %; type.l
o - r ] _ 20 (o " A

5-2.5 % and type III level surface.

i) 2 A ) ~ g e -
General assumptions

1. The shape of the side ditches will be triangular
except where the ground is level.

2. The ditches will be lirned wherever the slope 1s

%, n will be taken as 0.03

4, Maning's Formula, will be used to find the velocity

. Al A e e ¥, S
5, The maximum intensity of rainfall will be conside

=
i il
E5
5
tn
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6. All the rain fallings on the road

slopes will flow into the ditches.

7. Half the right of way will contribute to each

7 .

tches will be used

e

3 = S o i e LD - e T . P e : 2 el T

because the capacity of the water to be carri is small
- 2 5 = 3 e = - I3 ooy

and it is to be ] a short distance.
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than 2 erode the

botton road

mum 1is ! is the averag f these & wvalues.

4 Mani r Barmiila and Kutter's formal gt Fhe
4, Manlng rormula &nda hLu tterts formuia give Lhe
o ;

same results for values of r (hydraulic radius) 3.28 ft.

rlA - . e b S = 3 Br Warma mer s o TS
when r is less than 3.28 ft Manning formula will give

i

slightly larger values than here-

mum intensity of

condition as Lebanon. In California the maximum rainfall

be impervious. So the water will not be able tc percolate
into the soil but i it will flow into the ditches.
L]
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carried away by intercepting or

The maximum spacing of culverts in steep places
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The width of the right of way is 50 m = 164 It.
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A=38x%x1-=1.5 sq.ft.
e
p = &/2.85+L = &/5.25 = %6 L8
1" -
v S = 49,7 X 0.568 x 0.264
B =

h a little la than
required but 2 section will be too small.
this section is satisfactory.

»% el (p] = A -
Desien of Type IT (2.5 % slope)
M, g B ) R e e i | o =
The maximum spacing of culverts 1s 500 T

mum run-off will be 500 x 164 x 6 = '5.78 egfs
T2 50
Usir the same section
2/ 3
‘7‘ = lo‘d’q b4 0-4‘].3 A (-).r)2f:r = "’1.—0,.7::0. ﬂnx =
0.03

D = 4.45 x 1.5 = 6.88 cfs.

.1though this section is enough it i better
make increase the height little.
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ITI {Level Ground 0.1% slope)
L

Since the ground is level it is

'y

b
]
5]
L}
¥
a

soidal shape culvert.

Vot

1 [} 0

4 x 20 ¥y T R G o T v
Assume a trapezoidal culvert ol 1 It base,wldth & LU

height and side slope 1:1l
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In studying the drainage problems and designing

books were useéc

6]
ct
i §
]
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‘_J
}_ 4
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e
)

the drainage structuret
as references:

1. Handbook of Applied Hydraulics

3

2. Droinare and Flood Control Engineering by Tickel

3., Highway Enginnering Handbook By Harger & Bonnet
4. Manual of Highway Construction by American Association
of State Highway officials

5. Highway Engineering by Bateman

~ 0

6. Railroad Construction by Webb

7. GConstruction of roads and Favement by Agg

I} S AT

8. Design of Concrete Structures by Urquhart
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