














Tubercles Growing in Iron Water-pipes.
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PREFACE TO THE SECOND EDITION.

IN preparing the Second Edition for the press such errors as

have appeared in the original text and tables have been corrected,

and while it is not to be hoped that all have yet been eliminated

the continuous use of the book for over three years has failed to

develop others. Beyond an explanation of the derivation of the

last term in the Hazen and Williams formula, the changes are con-

fined to that part of the book devoted to the flow of water over

weirs, where some new matter relating to submerged weirs is pre-

sented in the text, and where the table of discharge by Bazin's

formula has been extended to cover variations of head by 0.01 of

a foot from zero to 6 feet, making in all a table of thirty pages instead

of the two pages in the former edition. A table of discharge of

high weirs 10, 20, and 30 feet, under heads from 6 to 20 feet has

been added and a new title page has been written, giving a more

correct description of the scope of the book, and the table of con-

tents has been extended. These additions have all been made in

response to requests or suggestions from users of the former edition^

and it is believed they will appreciably increase the usefulness of

the volume.
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INTRODUCTION.

THE following tables show the flow of water in pipes and other pas-

sages, as computed by the Hazen-Williams hydraulic slide-rule, based

upon the formula
t>
= cr-63s -540.001- -04

.

The most commonly used formula for determining the velocity of

flow of water in pipes and channels is the Chezy formula, namely

where v is the velocity in feet per second, s is the hydraulic slope, and

r the hydraulic radius in feet, c is a factor the value of which is an

approximation to a constant, but depends upon the roughness of the

pipe and upon the hydraulic radius and slope. The variations in the

value of c are considerable, and make the general use of the formula

difficult.

Kutter's formula was devised to compute the value of c in the Chezy
formula. The value of c so computed depends upon an assumed coeffi-

cient of roughness, upon the slope, and upon the hydraulic radius. With

the same degree of roughness the value of c increases with the hydraulic

elope and with the hydraulic radius. This is because the exponents used

for these terms in the formula are below the true values. If the expo-
nents were increased to correspond more nearly with the facts, the varia-

tions in the value of c would become less. If exponents could be selected

agreeing perfectly with the facts, the value of c would depend upon the

roughness only, and for any given degree of roughness c would then be

a constant. It is not possible to reach this actually, because the values

of the exponents vary with different surfaces, and also their values may
not be exactly the same for large diameters and for small ones, nor for

steep slopes and for flat ones. Exponents can be selected, however,

representing approximately average conditions, so that the value of c

for a given condition of surface will vary so little as to be practically
constant. Several such "exponential" formulas have been suggested.
These formulas are among the most satisfactory yet devised, but their

use has been limited by the difficulty in making computations by them.

This difficulty was eliminated by the use of a slide-rule constructed for

that purpose.
The exponents in the formula used were selected as representing

as nearly as possible average conditions, as deduced from the best avail-

able records of experiments upon the flow of water in such pipes and
channels as most frequently occur in water-works practice. The last

term, 0.001 ~*04
,

is a constant, and is introduced simply to equalize the
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value of c with the value in the Chezy formula, and other exponential
formulas which may be used, at aslope of 0.001 instead of at a slope of 1.*

The slide-rules were furnished by Mr. G. G. Ledder, 9 Province

Court, Boston, Mass., the work being done in Germany. Suitable scales

were laid out and the position of each graduation was computed to 0.01

millimeter. The drawings were then engraved upon steel and reproduced

upon slide-rules of the general size and appearance of the ordinary 10-

inch Mannheim rule. The graduation is very perfectly done, and the

accuracy obtained is practically that which can be > secured with the

ordinary slide-rule of this size.

All the computations of figures contained in this volume, except a
few fundamental ratios, have been made with the slide-rule, and only
such accuracy has been sought as can readily be obtained by this

method of computation.
This formula has been used by the authors for some time, and it is

hoped that the tables will be useful to those not accustomed to the use

of the slide-rule, and also to those who use the slide-rule, as a reference

showing velocities and velocity heads, and establishing beyond question
the position of the decimal point, which is the most troublesome feature

in the use of the slide-rule to beginners.
These tables are not confined to a single value of the coefficient of

roughness, which is called c. Instead, a series of values of c is given in

the various columns, and under each are placed the corresponding losses

of head. The headings also indicate in a general way the class of pipe

for which the particular coefficient should be used, but these indications

are only general, and it is the intention to leave the matter so that users

can select such values of c as in their judgment represent the particular

conditions upon which they are figuring.

The gradual roughening of the interior of cast-iron pipe is one of the

most frmiliar of water-works phenomena. It is also one of the most

difficult to compute. In a general way it may be said that in a series

of years, which is not long compared with the total life of the pipe, the

roughening: of the surface and the reduction of the area through rusting

and tuberculation reach such an extent that twice as much head is

consumed in sending a given volume of water through it as was the case

when the pipe was new.

In a particular set of foreign tables, based on the Darcy formula,
* Because engineers generally know the value of c in the Chezy formula for

ordinary slopes (about 1 in 1000) it was decided to frame the Hazen and Williams
formula so as to have these old and already known coefficients applicable.

The Chezy formula is v = cr0.5s0.5.

The Hazen and Williams formula was v = cV0.63s0.54.

Forr=l and 8 1, c c'.

To make c' = c for r=l and s= 0.001 we have (0.001)0.5=6(0.001)0.54, whence
b = 0.001-0.04 and the Hazen and Williams formula becomes

v = crO.63sO.54Q.001
-

0.04.
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the loss of head is given for new pipe, and in the second column, desig-

nated old pipe, a figure twice as large is given. This has certain advan-

tages over a table of factors to be applied to pipes of different ages, as

has been done in several American publications, because it is less apt to

be forgotten; and while it is a crude precedure, it keeps in mind the

fact that old pipe will pass very much less water than new pipe.

In this volume effort has been made to put this subject in better

shape. It is a difficult matter to handle adequately, for no two pieces

of iron pipe deteriorate at the same rate, and any figures given are

therefore at best only approximations to averages, which averages may
be very far from individual cases.

The system used is to put certain figures surrounded by circles over

the columns. This mark was adopted because no words could be found

sufficiently concise and at the same time accurate. Over the column

for c= 140 are placed two zeros in a circle: (oo). That indicates that this

coefficient is obtained with the very best cast-iron pipe, laid perfectly

straight, and when new. Over c= 130 is placed one zero in a circle, (o),

and this is the value that can be fairly counted on for good new cast-

iron pipe. Over the following columns are placed figures in circles.

These figures show the age in years at which, on an average, as nearly

as we know, cast-iron pipe will reach the values given in the column

underneath. It must be understood that these are necessarily very

rough approximations, based on the best data available, which are prin-

cipally for soft and clear but unfiltered river-waters. Hard waters and

lake waters will often attack the pipe less rapidly, and the figures must

then be increased. Sometimes they must be multiplied by two or more.

Other waters will corrode the pipes more rapidly than the average, and
for them the values will be reached more quickly than the figures indi-

cate.

The divergence with different castings and with different kinds of

water is greatest in the smallest pipes, and no attempt is made to extend

the figures in the circles to the sizes below four inches in diameter.

Steel pipes tuberculate and corrode in much the same manner as

cast-iron pipes. On account of the rivets and in-and-out joints the

average value of c is lower than for cast-iron pipe. The data at hand
indicate a value of 110 for new pipe, decreasing in the course of about

ten years to 100. For older pipes, as far as the present data go, steel

pipe of a given age will carry the same quantity of water as cast-iron

pipe of the same size and ten years older.

On the Value of c. In the Engineering Record of March 28, 1903,
was published by the authors a table of the values of c computed from

published experiments upon the friction of water in pipes and conduits

of various kinds, the results being selected as the most reliable available

data. This table, with some additions, is as follows:
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8 INTRODUCTION.

In a general way it may be said that for cast-iron pipe, very straight

and smooth, c may be as high as 140, but for ordinary conditions 130

is a fair value for new pipe. As pipes rust and become dirty, the value

of c decreases, as has been mentioned above. For new riveted steel

pipe c is about 110.

In making estimates for pipe-lines where the carrying capacity after

a series of years, rather than the value of the new pipe, is the controlling

factor, a considerably lower value of c must be used, depending upon
the amount of deterioration which is contemplated. A fair value for

general computation is c=100 for cast-iron pipe and c= 95 for steel

pipe, but for small iron pipes a somewhat lower value of c should be

taken. In the pipe tables the column of slopes for c= 100 is printed

in heavier-faced type than the rest, as these values are the ones

which will probably be most often required. Lead, brass, tin, and

glass, and other pipe presenting perfectly smooth surfaces, and per-

fectly straight, will give values of c up to 140. A very little falling

off in the smoothness will reduce the value of c to 130 and 120, or

even less. For smooth wooden pipe or wooden-stave pipe 120 seems a

fair value. For masonry conduits of concrete or plastered, with very

smooth surfaces, when clean, values of c=140 may be observed. Gen-

erally such surfaces become slime-covered, reducing the value of c to

130 or less in a moderate length of time; and if the surfaces are only a

little less smooth, say in such shape as is represented by ordinary good

work, the value of c is reduced to 120. A conservative value for general

use with first-class masonry structures is about 120. For brick sewers

much lower values may be used, and c=100 seems safe. For vitrified

pipe c=110 may be used. It must be understood that these values de-

pend entirely upon the smoothness and regularity of the surfaces, and

are likely to vary in individual cases.

This formula was designed primarily for computing the flow of water

in pipes. It seems reasonably well adapted for computing the flow in

open channels, and the slide-rules have been made so as to allow this

application. A table has been prepared to show the application of this

formula to the most reliable experiments upon open channels. From

the data therein presented the investigator may determine for himself

the probable accuracy to be obtained and the value of c which should be

used in a given case.
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14 INTRODUCTION.

No tables to show the application of these results, that is to say,

tables corresponding to the pipe tables, have been made for open chan-

nels. The variations in the conditions of depth, width, slope and char-

acter of bottom and sides are so enormously great that solution of each

particular problem by tho use of the slide-rule is the only practical way
of handling the subject.

The slide-rule will also be found more closely applicable to actual

conditions in pipes than any tables, because it gives at once values for

conditions falling between the values which it is practicable to show in

the tables, and its use is therefore to be recommended in all cases where

close computations are desirable.



SMALL BRASS PIPES.
c-130.

MAY ALSO BE USED FOR STRAIGHT LEAD, TIN, AND DRAWN-COPPER PIPES.

Diameter
in

Inches.



SMALL PIPE.

WROUGHT-IRON-PIPE SIZES.

TfcT .



SMALL PIPE.

WROUGHT-IRON-PIPE SIZES.

Nom-
inal

Size,
Inches.



1J-INCH WROUGHT-IRON PIPE.

(Actual Diameter, 1.611.)

Discharge in Gallons.



2-INCH PIPE OR HOSE.
(Actual diameter, 2.00 ins.)

Discharge in
Gallons.



2J-INCH PIPE OR HOSE.
(Actual diameter, 2.50 ins.)

Discharge in
Gallons.



3-INCH PIPE.

(Actual diameter, 3.00 ins.)

Discharge in
Gallons.



4-INCH PIPE.

Discharge in
Gallons.



5-INCH PIPE.

Discharge in Gallons.



6-INCH PIPE.

Discharge in



8-INCH PIPE.

Discharge in



10-INCH PIPE,

Discharge in



12-INCH PIPE.

Discharge in



16-INCH PIPE.

Discharge in



20-INCH PIPE.

Discharge in



24-INCH PIPE.

Discharge in



30-INCH PIPE.

Discharge in



36-INCH PIPE.

Discharge in



42-INCH PIPE.

Discharge in



48-INCH PIPE.

Discharge in



54-INCH PIPE.

Discharge in



60-INCH PIPE.

Discharge in



66-INCH PIPE.

Discharge in



72-INCH PIPE.

Discharge in



78-INCH PIPE.

Discharge in



84-INCH PIPE.

Discharge in



90-INCH PIPE.

Discharge in



96-INCH PIPE.

Discharge in



102-INCH PIPE.

Discharge in



108-INCH PIPE.

Discharge in



114-INCH PIPE.

Discharge in



120-INCH PIPE.

Discharge in



132-INCH PIPE.

Discharge in



144-INCH PIPE.

Discharge in



RELATIVE DISCHARGING CAPACITIES OF
AQUEDUCTS.

too

J

108 115



AQUEDUCTS, 8 TO 14 FEET.

c 125. At point of maximum discharge the quantity is taken as 12% greater
than in a circular aqueduct of the same height and width running full.

Slope
in Feet

per 1000.



AQUEDUCTS, 15 TO 21 FEET.

c = 125. At point of maximum discharge the quantity is taken as 12% greater

than in a circular aqueduct of the same height and width running full.

Slope
in Feet

per 1000.



SEWERS.
TABLE OF SLOPES REQUIRED TO PRODUCE GIVEN VELOCITIES.

Tile, c = 1 10. Brick, c = 100.

Size.



TILE SEWERS, 4 TO 12 INCHES.

Slope
in Feet
p<* 1000.



TILE SEWERS 15 TO 36 INCHES.

Slope
in Feet
per 1000.



BRICK SEWERS, 30 TO 66 INCHES.
c = 100.

Slope
in Feet
per 1000.



BRICK SEWERS, 72 TO 108 INCHES.
c-100.

Slope
in Feet
per 1000.



BRICK SEWERS 10 TO 15 FEET.
c=100.

Slope
in Feet
per 1000.



COMPUTATION OF DECREASE IN THE VALUE OF c IN
CAST-IRON 'PIPE, WITH AVERAGE SOFT UNFIL-
TERED RIVER WATER, THROUGH A PERIOD OF
YEARS.

1st. Assume that the original value of c is 130.

2d. Assume that the increase in loss of head due to tuberculation, etc., amounts
to 3% per year.

3d. Assume that the diameter of the pipe is reduced by tuberculation at the rate

of 0.01 inch per year, and that the value of c must be modified to correct for this.

Age of

Pipe in
Years.



COMPARISON OF THE LOSS OF HEAD OF WATER IN
PIPES OF VARIOUS AGES, AS COMPUTED BY
THE METHODS USED

(1) by COFFIN: "
Graphical Solution of Hydraulic Problems.''

(2) by WESTON: "
Friction of Water in Pipes."

(3) by HAZEN & WILLIAMS: Figures used in this volume.

Age of

Pipe in

Years.

New



SHORT METRIC EQUIVALENT PIPE TABLE.

Discharge in



VENTURI J1ETERS._
TABLE SHOWING HEAD LOST IN EXCESS OF THAT LOST IN

STRAIGHT PIPE, EXPRESSED IN TERMS OF THE VELOCITY
HEAD IN THE PIPE.

Note. The velocity head for any given discharge and pipe size may be found
in the pipe tables.

Diam-
eter of

Throat,
Inches.



UNDERDRAINS FOR SAND FILTERS.

(No compensating orifices used.)

Rate of filtration, mil-

lion gallons per acre

daily



THE FLOW OF WATER OVER WEIRS.

SHARP-EDGED WEIRS.

THE basis of our experimental knowledge of the discharge of water

over weirs of size applicable to the cases usually encountered in prac-

tice rests primarily upon three investigations, viz.:

(a) That of Mr. Jas. B. Francis, M. Am. Soc. C. E.
;
made at Lowell,

Mass., in 1852.

(6) That of Messrs. Alphonse Fteley and Frederic P. Stearns, Mem-
bers Am. Soc. C. E., made at Boston, Mass., in 1877, 1878,

and 1879.

(c) That of M. Henry Bazin, Inspecteur General des Ponts et Chaus-

sees, made at Dijon, France, in 1886, 1887, and 1888.

Each of these investigations has given rise to a formula for deter-

mining the flow of water over a sharp-edged vertical weir without end

contractions, named from the observers, and these three formulas com-

prhe those most commonly applied in practice.

The symbols used in these formulas and in the following tables are:

H= the total head or height from the crest of the weir to still water,

measured in feet;

ft= the observed head or height of the surface of the running water

above the crest of the weir, at some convenient point, meas-

ured in feet;

hv= the head to which the mean velocity of the approaching water is

v2

due, measured in feet i.e., hv= - where v= velocity in feet
y

per second;

"*L=the total length of the crest of the weir, or the mean width of the

over-falling sheet at the plane of the weir, measured in feet;

p= the height of the crest of the weir above the bottom of the channel

of approach, measured in feet;

Q= the quantity of water discharged per second over a weir, meas-

ured in cubic feet;

g = the acceleration due to gravity= 32. 16 feet per second,,

63
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The Francis formula, then, is:

Q= 3.33L#3
/* or Q= 3.33L[(/*+/i,)%-/^].

The Fteley and Stearns formula is :

Q= 3.31LHK+ 0.007L or Q= 3.31L(h+ 1 .5^)%+ 0.007L.

The Bazin formula is:

Q=mLhV%fh, where m= o.405+ .1+ 0.55

The several observers used different methods of reading the head h,

and for an accurate application of the formulas the head should be read

in the same manner as in the original experiments.
Mr. Francis, in the experiments upon which his formula is based,

observed the head as communicated through a small orifice (about

1 inch diameter) in the side of the channel of approach, about 1 foot

below the level of the crest and 6 feet up-stream therefrom, which

was connected through a pipe about 18 inches long to a cistern, where

the surface was read by a hook gage. The weir was of L= 10 feet.

In a part of their experiments, which were made on a weir with L= 5

feet, Messrs. Fteley and Stearns made use of a small orifice in the

center of a plank 10 inches long, set with its face vertical and parallel

to the axis of the channel of approach, and about 16 inches from the

side wall, so that the orifice was about 10 inches above the bottom and

6 feet up-stream from the weir, the orifice being connected by piping to

a movable cistern, in which the head was read by a hook gage. For the

rest of their experiments these observers made use of eight small ori-

fices simultaneously, which were connected in pairs, opening in opposite

directions. These orifices were in the center of steel plates about

6 inches long, located parallel to the current at about the level of the

crest of the weir, and were 6 feet up-stream therefrom, and 18 inches

and 7 feet respectively from the side walls of the channel, the weir

being of L= 19 feet.

In the experiments of M. Bazin, who worked on weirs of L= 6.56

feet, 3.28 feet, and 1.64 feet, the head was communicated through an

orifice 4 inches in diameter, at the bottom of the channel of approach
and 16.3 feet up-stream from the weir, connecting with a pit, wherein the

surface of water was located 'by a hook gage and a dial-float.

Experimental comparisons of these formulas, where the heads were

observed in the manner described for each, has shown them to agree
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within 2J per cent for heads from 0.5 up to 3 feet, and that the Fteley

and Stearns and the Bazin formulas agree within 2 per cent for heads

up to 4 feet. The Francis formula was only intended to apply between

heads of 0.5 and 2.0 feet, and should not be used for higher heads.

Where other methods of reading the head are used, errors of as much
as 10 per cent may be introduced. One of the most erroneous of these

is by the aid of a pipe placed in the current parallel to the weir and

perforated upon its bottom or top.

A very convenient as .well as accurate means of reading the head

upon a weir, and one which introduces but a small error, is by the use

of a sharp-pointed plumb-bob suspended upon a steel tape, the latter

passing over a block on which a line is drawn at right angles to the

tape, the reading taken being that of the tape where the line intersects

it. The reading of the tape corresponding to the position of the bob

when in contact with the water surface, when the latter is at the level

of the crest of the weir, must be determined and used as the datum.

The point of observation should be far enough away from the crest of

the weir to be beyond the curve of the approaching sheet, and the ele-

vation of the water surface may be read by allowing the point of the

bob to come in contact with it, the bob being still, or by swinging the

bob and allowing it to cut the water surface. Whichever method is

adopted should be used in determining the datum reading, as* the indi-

cations are somewhat different. Such readings will be found to fit the

Bazin formula more accurately than they will either of the others.

To facilitate the use of this formula, the 'following table giving the

discharge over weirs of various heights from 2 to 30 feet and for heads

from 0.1 to 6.0 feet is presented. The discharges in this table can only

be used in cases where the level of the water surface on the down-stream

side of the weir is below the crest, and the space between the face of

the weir and the over-falling sheet is in free connection with the out-

side air. If a partial vacuum be formed behind the sheet, from lack

of free circulation, the discharge will be increased, under some condi-

tions as much as 5 per cent. If the water on the down-stream side rise

above the crest, the weir then becomes submerged or drowned and the

discharge is consequently decreased.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984'
Q= 0.405+

\

Observed head= h. Height of weir= p. Discharge = Q. g=* 32.17 feet.

\r w
~\

)
1 + 0.55 \LhV2gh.

/L (P + *)'J

Length of weir

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER^SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984 \ f
g= 0.405+ 1 + 0.5

V h Jl (p + A)

Observed head= h. Height of weir= p. Discharge

Length of weir=L.

]LhV2gh.
= Q. g = 32. 17 feet.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
/ .00984 \ f h*

Q=(0.405 + 1 + 0.55

\ h I [_

Observed head= h. Height of weir= p. Discharge= Q. g= 32.17 feet.

Length of weir= L.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984\r h*

Q= 0.405+- ) 1+0.55
V h Jl (p +W

Observed head= h. Height of weir = p. Discharge = Q. g= 32.17 feet.

Length of weir = L.

"1

\LhV2gh.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

=
( 0.405+ 1 + 0.55 \LhV2gh.

(P+ h)
2

J

Observed head= h. Height of weir= p. Discharge = Q. g= 32.17 feet.

Length of weir= L.

t



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
/ .00984 \ f h2 I

Q= 0.405 + 1 + 0.55 -
\LhV2gh.\ hi (P+/*)

2

J

Observed head = h. Height of weir= p. Discharge = Q. g = 32.17 feet.

Length of weir= L.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984 \ f
Q= 0.405 +- 1 + 0.

Observed head'

h ] L

Height of weir= p. Discharge

Length of weir= L.

LhV2gh.

= Q. o= 32. 17 feet.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

Observed head

.00984\r ft
8 I ,

0.405+ 1 + 0.55 \LhV2gh.
h Jl (p+W]

h. Height of weir= p. Discharge = Q. g= 32.17 feet.

Length of weir= L.

*



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984 \ T

Q=( 0.405+ 1 + 0.55

\ h / \_

Observed head = h. Height of weir= p.

T1

(p+ K)

Discharge

Length of weir= L.

= 32.17 feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
/ .00984\r V 1 _

0=10.405 +- 1 + 0.55- -
\LhV2gh.

\

Observed head = h.

\r

I

Height of weir= p. Discharge = Q. g= 32.17 feet.

Length of weir= L.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984\r h* 1
Q= I 0.405+ ) 1+0.55 \LhV2gh.

\ h /\_ tp + hy]
Observed head= h. Height of weir= p. Discharge= Q. = 32. 17 feet.

Length of weir=L.

In Feet



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

Q- 0.405+
\ h /L

Observed head = h. Height of weir = p. Discharge = Q.

Length of weir= L.

= 32.17 feet.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
.00984\ T A1 1

-

I LhV2gh.Q= 0.405 +
)

I 1 + 0.55-

V h J [_ (p+ /0
2

J
Observed head = h. Height of weir = p. Discharge = Q.

Length of weir = L.

32.17 feet.

h
in Feet.

2.41



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
/ .00984X f

'=( 0.405+ : ] I
1 + 9.55

\

Observed head= h.

; |ZAV^/I
Height of weir= p. Discharge =Q. g 32.17 feet.

Length of weir= L.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
.00984'

Q=[ 0.405+

Observed head= /i. Height of weir= p. Discharge

Length of weir= L.

1+0.55 \LhV2Jh.
(P+ /0

2

J

Q. 0=32.17 feet.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984
Q= 0.405+

h* ~]

1+0.55- \LhV2Jh.
(p+A)'J

Observed head = h. Height of weir= p. Discharge= Q. g= 32. 17 feet.

Length of weir=L.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984 \ f

Q=( 0.405+
\

Observed head = h. Height of weir = p. Discharge = Q. g = 32. 17 feet.

Length of weir = L.

) 1+0.55 \LhV2gh.
Jl (P+W1



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
.00984 \ P h*

1 + OJQ=(0.405+-
\ h

Observed head = /i. Height of weir= p. Discharge

Length of weir = L.

- 32.17 feet.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984\r h*
~\

Q = 0.405 + 11 + 0.55 LhVZgh.
\ h / |_ (p+ /0

2
J

Observed head= h. Height of weir= p. Discharge= Q. g= 32.17 feet.

Length of weir =

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984 \ T A J

Q- (0.405+ )
1 + 0.55-

V h /[_

Oberved head h. Height of weir= p. Discharge Q.

Length of weir= L.
0-32.17 feet.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984 \ T

Q=(0.405+- -) 1 + 0.55

\ h / L

Observed head = ft. Height of weir= p.

]LhV2gh.
Discharge = Q. g= 32. 17 feet.

Length of weir = L.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
.00984\ T ft

2

Q-I0.405+- !

)[
1+0.55 LhV2gh.

Observed head = h. Height of weir = p. Discharge = Q. = 32. 17 feet.

Length of weir = L.

f
h

in Feet,



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984 \ f h* "1

Q= ( 0.405+ 11 + 0.55 LhV2gh.
\ h Jl (P+W]

Observed head= h. Height of weir= p. Discharge= Q. g = 32.17 feet.

Length of weir= L.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
.00984'

Observed head

0.405+

h.

1 + 0.5

Height of weir= p.

Length of weir

LhV2gh.

Discharge = Q . g = &Z. 1 1 leet ,



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

/ .00984\ F

Q=( 0.405+ 1+0.55
V h Jl

Observed head= h. Height of weir = p. Discharge = Q. g = 32. 17 feet.

Length of weir= L.

]LhV2gh.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
.00984

0- 0.405+- 1 + 0.55- Lh2gh.'
0.405+

V h

Observed head -= ft. Height of weir= p.

\ r

Jl
Discharge

Length of weir= L.

Q. g = 32.17 feet.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
/ .00984\r h*

~\

Q= 0.405+ 1+0.55 \LhV2gh.
\ h I (P+W]

Observed head= h. Height of weir= p. Discharge=Q. 0=32.17 feet.

Length of weir= L.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

Q=
.00984 \ f

).405+
j

1+0.55-

Observedhead=fc. Height of weir= p. Discharge =Q. y= 32. 17 feet.

Length of weir= L.

M\/2y^.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
/ .00984\r W

~]

Q= (0.405+
j

1 + 0.55 -\LhV2gh.

Observed head= h. Height of weir= p. Discharge = Q. g= 32. 17 feet.

Length of weir= L.

h
in Feet.



DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.
.00984\r h* "I

Q = 0.405+- 11 + 0.55- LhV2gh.
\r

1

Jl
Observed head = h. Height of weir= p. Discharge=Q .

= 32.17 feet.

Length of weir= L.

h
in Feet.
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LOW HEADS.

For heads below 0.2 foot the Bazin Formula gives discharges some-

wHat in excess of the experimental results of Fteley and Stearns, and

in practice accurate weir measurement at low heads becomes extremely
difficult on account of the increased relative importance of errors of

observation, and of changes in the character of the flow if the edge of

the weir has a measurable thickness. It may also be expected that

the temperature of the water will exercise considerable influence. For

these low heads the formula deduced by Fteley and Stearns for their

small weir, Q=3.33L#%+ 0.0065L, gives results varying from the

experiments by from 4 to 6 per cent for heads from 0.2 to 0.07 foot, the

lowest observed. The actual results were usually greater than those

given by the formula. For a head of 0.1 foot this formula gives a dis-

charge of 0.11 cu. ft. per second, as compared with 0.13 cu. ft. by Bazin.

A value of 0.115 cu. ft. seems quite nearly correct for this head.

END CONTRACTIONS.

For weirs having end contractions the formula of Mr. Francis, modi-

fied as he proposed by subtracting the quantity Q.lnH from the value

of L, making the formula Q=3.33(L Q.lnH)H% ,
is the one generally

recognized. In this modification n is the number of end contractions,

or the proportion of a complete contraction. Recent experiments
indicate that the effect of end contractions is not to be provided for by
so simple a formula, and until more data are available such weirs should

be avoided so far as circumstances will permit.

VERY HIGH WEIRS.

When the weir is of such dimensions in proportion to the channel

of approach that the velocity of the approaching water may become

zero, the formula of Bazin reduces to Q= 1 0.405+ -L
-JL/A/2gh,

which corresponds to p= infinity, and the following table gives the value

of the several factors, and the discharge under this condition for L=l
foot. In this and the preceding table g has been taken as 32.173 feet,

that being its value for latitude 40 and an elevation above sea-level of

500 feet.



HIGH WEIRS AND HIGH HEADS.

DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED
VERTICAL WEIRS, WITHOUT END CONTRACTIONS.

COMPUTED BY BAZIN'S FORMULA.

h



VALUES OF FACTORS IN BAZIN'S FORMULA AND DIS-

CHARGE OVER WEIR OF INFINITE HEIGHT.

Head -ft
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FLAT-CREST AND OTHER WEIRS.

The formulas for the discharge of vertical sharp-edged weirs cease to

be applicable when the crest is widened or the up-stream face inclined,

and in order to determine what modifications should be made in the

computed results, experiments have been made upon some twenty-five
models of different forms, with L= 16 feet and p as great as 11.25 feet,

using heads up to and in some cases a little above 4 feet.

From these experiments the factors by which to multiply the con>

puted discharge for a sharp-edged weir of the same L and p, to give

the actual discharge over each form of crest, have been deduced for the

heads given in the following tables, wherein the first column gives the

head and the columns headed II the multipliers. To use the tables,

the discharge for the weir of given form should be first computed as

for a vertical sharp-edged weir of the same height and length, using

any of the above formulas, or the tables on pages 66, 67, and 69, and the

resulting Qs should then be multiplied by the factor in the proper
column under II, when the accuracy of the result may be expected to

correspond to that of the first computation. So long as the top of the

weir is flat and the up-stream face vertical, it appears that the factors

given should be applicable to any height of weir, but if the up-stream
face or any part of the profile up-stream, from the highest point of the

weir, is inclined, the factor will change with the height of the weir, as

is shown by the table for triangular weirs.

On all the models having vertical down-stream faces, including

model P, air was admitted to the space underneath the sheet. On
models D and E experiments were made with the space underneath

the sheet unaerated, so that a partial vacuum existed there, which

is shown to increase the discharge about 5 per cent at the high heads.

For the weirs with inclined down-stream faces, models F to O inclusive,

no air was admitted under the sheet. A comparison of the results

upon models G and H shows the effect of rounding the up-stream
corner of thh weir to be an increase in discharge of about 4 per cent

at the high heads.

SUBMERGED WEIRS.

With crests of the forms L and N, pages 102 and 104, experiment
shows that until the submergence amounts to 30 per cent of the head,
the reduction of discharge is less than 10 per cent. In fact so long as

the overfalling water plunges beneath that in the downstream channel

the discharge appears to be diminished by not more than the above

amount.



WEIR DISCHARGE.

RECTANGULAR FLAT-TOPPED WEIRS.

II

Multipliers of Discharge over Sharp-edged Vertical Weir of Same L and p.

in Feet,
m



WEIR DISCHARGE.

TRAPEZOIDAL WEIRS.

Type B

^efecF^r

Type C 2

'///a/////////

I.



WEIR DISCHARGE.

TRIANGULAR WEIRS.

I.



WEIR DISCHARGE.

COMPOUND WEIRS.



WEIR DISCHARGE.

COMPLEX WEIRS.

I.









UNIVERSITY OF CALIFORNIA LIBRARY
BERKELEY

Return to desk from which borrowed.

This book is DUE on the last date stamped below.

WAY 26 1948

LD 21-100m-9,'47(A5702sl6)476



YC 67968

Td/71

) //

UNIVERSITY OF CALIFORNIA LIBRARY




