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INFRODUCTION

The carrying capacity of pipes made of sheet and plate steel or
iron as used in general service for the conveyance of water under
pressure is discussed in this bulletin. The discussion does not in-
clude pipes of cast iron, lead, brass, tin, or iron or steel pipes Jined
with various materials, such es cement, concrete, or wood, nor does it
include pipes flowing partly full. Corrugated metsl pipes flowing
part full are covered 1n other publications (182, 183).1 g‘gg majority
of pipe lines discussed in this publication are of riveted steel.?

The research work, in conducting field experiments and in collect-
ing all other known data on the subject, was for the primary purpose
of determining the proper capacity of pipes for the conveyance of
water for irrigation use. The laws thus developed of course apply
eq}t}mlly well 1f the water is to be conveyed for power, domestic or
otier use,

! Italie fgurea In parantheses refer to * Literature cited,” n, 128,

1 Essontially the subject is that of the Qow of water In riveled steel and anulogous pipes; that s, in athor
sticet and plole metal pipes Lhal are parUally riveted or bava been formed by methods that raplaco the
rivating procoss. The didcussion is bused oo fleld tests for the most part; these wera made on pipes in
commarcig! operaiion os distinguished (rom perfectly stralght lines set Up for laburalory tests. 'This bulle-
tia 13 offered for use of eugineers and other officinis desfgniog and operatlng metal pipe lines (axcept cnst
iron} for irrlgation, power, muaiclpal, miniag, dredging, or othoer purposes, nod for courts and atlorneys
ai law lolerested [n enses lovolving Lhe currying enpocities of such metal pipas,

02210 —al—r]
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Examination of practice in selacting pipe for conveying irrigation
water shows that sﬁeeb steel and iron pipe divides the ﬁe]g with con-
crete and wood-stave pipe and, to & limited extent, with vitrified-
elay pipe. Masany irrigation systems in southern California have
extensive mileage of both metal and concrete pipe operating under
conditions essentially identical. In municipal use, main trunk lines
from the source of supply to the city are built of many materials,
with steel sheets or plates, concrete, and wood staves predominating.
In the development of hydroelectric power the flow lines under
moderate pressure are constructed of wood ste wes, concrete, and steel
plates, but penstocks down the main power drops are almost Invariably
made of steel plates, either riveted or welded. As & rule large in-
verted siphons on irrigation, power, or municipal supply lines are
made of steel plate, concrete, or wood-stave pipe.

This bulletin deals with pipes of nominal 4-iach size and larger.
Several bulletins recently published by various institutions discuss
flow of water in particular kinds of smeall metal pipes. To save
space, relevant detailed data {rcur these bulletins will not be repeated,
but the not results of each experiment cited will be converted to a
common basis for comparison. The bulletins referred to comprise
tlie Tollowing citations: (68, 72, 78, 31).

Heretofore the designation “‘riveted pipe” or “‘steel pipe’ has
gencrally been considered specific enough as & basis for recommenda-
tions covering capacity, but such pipe will now be separated into
three major classes: (1) Full-riveted pipe, (2) girth-riveted pipe, and
(3) continuous-interior pipe. Different coeflicients of retardation
will be suggested [or each elass. It will be shown that thin-sheet
pipe with Hat-head rivets well buried in coating material—a type
of pipe commonly used in firigation practice—has a capacity appre-
cinbly above that of plate pipe with the usuval prominent rivet heads.
1t has long been understood that metsl pipe deteriorates in capacity
with age, but enough significant datas are now at hand to form the
basis of s reasonable tentative law for deterioration.

1t has been often suggested that the Jaws of fluid similarity and
the viscosity of water s influenced by its temperature be considered
in the derivation of capacity formulas. This has been done, but in
making recommmendations the author suggests coefficients for a2
temperature of 15° C. (ebout 60° F.), and then shows the percentage
diflerence in capacity for any other temperature that may be used
88 a criterion—this difference, however, is so small that 1t may be
neglected lor most practical cases. This is true because the coefli-
cient which probably would hold in eny particular conduit at any
particular time is much further from precise determination in sdvance
than any difference temperature would produce. If it had not been
true, such formules as the Williams-Hazen could not have a{tained
their high standing through s period of 25 years and still disregard all
influence of viscosity, except as this influence existed in the base data
used in the formulas’ derivation,
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NOTATION

Unless otherwise noted the various symbols used throughout this
publication will have the following significance:

d=DMean inside diameter of the pipe in inches.

D= Menn inside dinmeter of the pipe in feet.

Q= Mesu discharge of the pipe, during the test, iz second-feet.

A =Meun sres of the pipe bore, in square feet.

V=Mean velocity of the water, during the test, in feet per second.
L=Leangth of reach tested, in feet. .

y==end of clevation lost in overcoming internal resistance, in feet =1000"
H=Above loss {usually termed friction loss), per 1,000 iinear feet of pipe
1,000 &,

k,=Tlead of clevution lost in creating the mean veloeity, V, in feet; called
velocity head,

P=Wetted perimeter; in » pipe under pressure, the inside circumference,
=w{} or Zzr, in fect.

R=Hydraulie radius =%—; in u circular pipe, under pressure, =£’ in feet.

s=Hydraulic grade or slope, in feet per foot of length of a pipe of uniform
size =f—

C=8o-callied “ceefficient of retardation” in the Chezy formula.

n=" Goetlicient of roughness’ (67) in Kutter's formula. As it appears in
the formula, n Is not n coefficient, mathematically considered.

{:= Retardntion coctlicient in the Witlinms-Huzen formula, as named hy its
authors (780}, Bowme present-day writers call it “ Hozen-Willismms.”

J=TRetardation cocflicient in the Weishach formuin,

K =Retardation coeflicient in the general exponential formuls for flow of
waler in pipes,

H.=Cenernl cociicient in the particular formulas offered in this bulletin on
pages 10 and 79, K,’ s this value for new pipe.

M =Retardation coctlicient in any one particular pipe equation (14, p. 79).
L. s Lhe intercept on the fine ¥ =1 when the equation is platted on
logarithiic puper as o Figure 3.

&' =Intercepl M when projected from individual points at the accepted
slu[;? of 1.9, Used only where dals are insufficient for development
of 4.

v=Kinematic viscosity of \\'nter=ﬁ—-—bwi}ué~i?-s—;§§9£ﬁ; given in the C. . 8.
systemn and in English units in Tuble 8.
= Returdation cocflicient when viscosity is eonsidered, as in formuln 20,
page 79, and in column 15, Tuble 1.

e=Base of Nuporian logarithms; equal to 2.7183; found in exponential
formulas involving Lhe laws of organic growth, of organic decay, of
componnd interest, and others. In this bulletin such g law fits the
dnta as Lo the increase in the retardation coellicient with the passage
of timg, ¢ years.  (Sec p. 89 and fig. T.)

Sheet-metal thickness is referred to by gauge number for pipe use,
ranging from one-fortieth inch for No. 24 to three-sixteenth inch for
No. 7, Plate metal runs from three-sixteenths inch to 11 inches or
more io thickness.

Each reach of pipe tested is given n number, carried consistently
through Tables 1 to 4 {pages 23 and 63), Figure 3, and the description
of the experiments given in the text or the Appendices. Theseshould
not be confused with Lhe numerical references to the literature
citations, which are in italics.




TECHENICAL: BULLETIN 150, U. 8. DEPT. OF AGRICULTURE

FULL-RIVETED PIPE. CLASS |
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Taper, joints
Claas lborlc

Double-riveted sheel-steel pipe
"Slip—joini"iype, Ciass la

Cylinder-joints
Class b or lc

Buti-atrap plpe
Class lcorld

Spiral-riveted flange joints
Flow with laps, Class la

GIRTH-RIVETED PIPE. CLASS 2

Tapered bump joints

Welded pipe
Single riveted

Rivetad flanges

J

Straight bump joints
Double riveted

Lock-bar pips
Taper or bulkstrap joints, riveted
Class 2
Flush welded flanges, Class 3

CONTINUOUS-INTERIOR PIPE. CLASS 3

Welded pipe Bell-and-spigot pipe

Flush joints

Plain end coupling. joint

F1avge 1.—Typleal Joints ~nat distioguish the various types of riveted stesl and anplogous pipies.
Full welded pipe Is omied ns the Interor bs bedt shown in pholographs as on Flata L (Sea
. 12 for ezplupstion of subdivisions of ¢lass 1 plpes.}
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THE FLOW ()% WATER IN RIVETED STEEL PIPES

TYPES OF SHEET AND PLATE METAL PIPE

Types of pipe will be discussed only with reference to capacity,
Figure 1 shows several methods of jointing pipes which have a direct
influence on the interior surface of the pipe and hence on the carryi g
capacity. These surface differences sre immediate in effect, andyjsﬁ-e
in addition to corrugations of coating or later developments of
chemical action, rust blisters, and tubercles. Sheet-metal pipe is
made in thicknesses from one-fortieth inch (No. 24 gauge), up to three-
sixteenths inch (No. 7 gauge). Plate-metal pipe iz made from plates
three-sixteenths of an inch up to 1}4 inch or more. Obviously the
thickness of metal has a bearing on the retardation of flow. Where
the metal is lapped, thin sheets present slight offsets but plates offer
material obstruction. Thin sheets can be crimped into unobtrusive
seams or riveted with flat-head rivets well buried in & coating,
while riveted plate pipe is ususlly seamed with protruding cone-
headed rivets. Occasionally rivet heads are countersunk more or
less completely. (PL 5, A.)

For pipe up to 514 feet in dismeter & single longitudinal seam is
necessary; from 514 to 11 feet, two seams; from 11 to 16 feet, three
seams; and from 1§ to 21 feet, four seams (32, p. 424). Buti-joint
pipe ususlly means “double butt-strap pipe” with straps both inside
and outside. (Pl 6, A.) For butt-joint pipe with the outside strap
only (pl. 3, C), the plate thickness is not manifest on the pipe interior,
but the difference in rivet heads still holds,

in order that the reader may have a definite understanding of the
terms applying to the various pipe lines and an appreciation of the
marked differences in methods used in assembling unit sheets or
plates into completed pipes, the types most commonly used ars
described below.

Yull-riveted pipe has all seams, longitudinal, girth, or spiral, held by project-
ing-head rivets,

Girth-riveted pipe has cireular, “roundabout,” or girth scams only, riveted,
the longitudinal or straight seam being welded, erimped, or “locked” into & con-
tinuous, more-or-less sinooth bead. Welded pipe with screw joints alse coines
under thig cluss, the excess threads on the inside being taken as the equivalent
of girth-rivet heads.

ontinuous-interior pipe has longitudinal seams as In class 2, while girth seams
are not evidenced by any material interior obstruction; includes full-riveted or

girth-riveted pipe if all rivet hoads are countersunk Hush with the surface,
FULL-RIVETED PIPE

. Full-riveted pipe is made with lap or butt joints. Types of join-
ing are:

Crlinder joints, also calied “in-and-out,” or “parallel” joints made with glter-
nate rings of inuner (smaller}, and outer {larper}, “eourses™ of pipe, which pro-
duce nn enlurgement and contraction of the water prisin to the extent of the shell
thickness for ench ring of pipe. Tho girth seam is generaliy single riveted, but
somelinies double-riveled.  Longitudinal seams are single, double, triple, or even
guudruple, depending on the pressure head. The noniinal dinnioter of the pipe
Is that of the inside of the smaller rings,

Tuaper, slip-joint, or stovepipe joints are similar to eylinder joints, except that
each ring has s slight taper and is lapped outside the ring upstream and inside
the ring downstresm. (Fig. 1.) The term “taper” is usuzily applied to pipe
muede of plates three-sixteenths of an inch thick or thicker, and rarely less than
24 fuches in dinmeter,  Thin sheot pipe is now made of tapered units and gener-
ally termed slip juint pipe. A« implied, the field joints are made without rivets,
the end of one lengtli merely being slipped inte fhe turger end of the adjoining
length. Tightoess is sceured by preheating the coatings of both pipes &t the




6 TECHNICAL BULLETIN 150, U. 8, DEPT. OF AGRICULTURE

joint. Slip-joint pipe iz made in sizes from 4 to 36 inches and of metal up to 10
gauge in thickness. In sizes over 20 inches of 10-gauge sheets and heavier, the
field joints may be riveted if desirable.

Spiral-riveted pipe consists of a single ribbon of metal wound spirally with the
edges continuously overlapping and riveted together, Lengths up to 20 feet for
galvanized and 40 feet for asphalted pipe are united by bolted flanges, slip joints,
or shrunk-and-peened joints, The standard practice is to lay the pipe so that
the1 Qow is ‘with the lups.” (Sce arrow in Hg. 1) Sizes range from 3 to 42
inches.

Butt-strap joints consist of a band or strap of steel, girting the outside of the
pipe over the abutting squared ends of the pipe rings, with a wider longitudinal
strap on the inside of the pipe, forming the straight seams. Most pipe of this
Lype (termed “double butt-strap” pipe), has, in addition, a narrower strap along
the straight seams on the outside of the pipe. The outer rows of rivets pass
through the wide inside band and the main plate only; the other rows extend
through both straps and the ring plate. (PL 3, C) Inpractice theinsidestraps
gometimes form a continuaus band down the top of the pipe (pl. 6, A) and some-
times alternate in position. The abutting pipe rings of course favor high
carrying capacity for the line, bhut the large number nf rivet heads—eight rows in
the case of quadruple-riveted pipe—appears to haves marked retarding influence.
Where the inside strap is not continuous, there is, of course, a serigs of strap
ends to retard the tlow.

CGIRTH-RIVETED PIFE

In recent years several kinds of steel pipe have been placed on the
market, which have more or less smooth longitudinal joints in con-
trast to the riveted joints of the pipe described above. These are
usually sold under specific trade names. They subdivide into the
following:

Locked-seam pipe is at present made in two general ways: (1) In units having
straight longituding seams, and (2) in units with spiraled seams from end to
end of the unit. ‘The former fype is made of both sheet and plate tetal. Sheet-
meta) pipe is extensively used in some States for farm irrigation, the metal
ranging from No. 26 up to No. 20 gauge. Pipe diameters range from 3 to 12
inches or laurger. Lengths are the samg as that of the sheets, usually being 10
feet. ‘The crimped lock seam may be soldered and also tack-riveted.

The plate pipe is made in diameters of 20 to 72 inches with plate thickness {from
three-sixteenths to one-half inch.  The inferfor of the assembled line is unbroken
except: for two lungitudinal beads of the locking rods and the girth seams every
30 feat. 'These pirth seams are roughened by a single or double row of rivet
hends for the taper-juint pipe and at least two rows of rivet heads for either the
riveted-flang:- joint or the outside butt-strap joint. However, the taper joint
has an offset cuusing expansion of the jet to the extent of the plate thickness,
while the Hange or hult-strap type allows the ends of the pipe shell to be Aush.
The retardation caused by the double row of rivets would probably be approached
by that of the single row pius the influence of the jet expansion. This type of
pipe is lactory-dipped verticully after heing preheated. One of the first pipes
of this kind was the famous Coolgardie Iine {No. 314} laid about 1802 in Australia.
However, this particular pipe had abulting joints under leaded sleeves; hence
the interivr is classed as ' continuous.”

The spiraled lock-seamn pipe is a new product made of sheet metal from 16 up
to 10 gauge, in diameters fram 4 to 30 inches. The interior is continuous excepl
for a small spiral grovve adjacent to a thickness of metal ribbon reinforcing the
seam. It is probable that the influence of this ribbon is less than that of the Hat
rivet heads in the spiral-riveted pipe.

Seamless pipe has either been drawn through & die or has adjoining edges of
the plates so fused Lhal practically no joiot is pereeptible.  This type of pipe
has been used extensively in Europe und to @ lesser extent in this country.

Welded pipes are of two kinds, hammer weld and electric weld. ammer-
weld pipe has the longitudina! joint made as the term implies; the edges of the
plale are hammer forged into a tight jeinl.  The pipe seetions ure made of plates
onoTourth ineh 1o 114 inehes thick, in sizes from 20 tu 108 inches or more in
dismeter.  ‘The field (girth) joints are made in various ways, which are classified
a3 girth riveted vr continuous interior. (Fig. 1, p. &)
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Electric-weld pipe ranges in diameter from a few inches to about 60 inches.
The smaller sizes are shop welded on the longitudinal seams and field welded on
the girth seams joining unit sections, placing them in the elass of continuous-
interior pipe. This type of pipe ie also welded spirally with abutting cdges, in
diameters [rom 4 to 48 inches.  In sizes above 60 inches the long seams are success-
fully welded in the shop, but field welding of girth seams, without the use of &
butt slrap, has not been sugcessful as yed and the present practiec is to rivet the
girth seams. (P11, B (38).) These seams are usually made, for large penstocks,
by means of the bump joint, shown in PFigure 1. The unit rings are usually of
the same size, without taper, but the ends are crimped or bumped to form & lap
and are then single riveted or double riveted. The minimum size for this type
of joint it 24 inches. Bump joints are also used for units having straight seams
riveted instead of welded,

CONTINUOUS-INTERIOR PIPE

Where the longitudinal seam is formed in one of the ways mentioned
under girth-riveted pipe and, in addition, the girth joint offers no
obstruction to the flow of water, the interior surface of the pipe may
be considerced as continuous and relatively smooth when new. The
girth joints are formed in various ways, as shown on Figure 1. The
lighter pipes up to moderate diameters are now being welded in the
field.  As regards capacity the essential feature lies in the flush
abutting ends of pipe units and absence of obstruction by rivet heads.
Some trade-name pipes are made with both girth-riveted and con-
tinuous-interior joints. It is quite obvious that the latter will have
slightly superior capacity qualities, other things being equal.

LENGTH OF FIELD UNITS

Metal pipe is usually delivered in the field in lengths of 20 to 40 feet
for smoll, thin-sheet pipe; 20 to 24 feet for large riveted or welded pipe;

and up to 30 feet for certain kinds of patent-joint pipe.

The large riveled pipes are ususlly shop assembled in three to five
rings, or courses. The rings are made of plates from 5 to 8 feet wide.

Spirel-riveted pipe comes in lengths up to 40 feet for asphalt-coated
pipe, and 20 feet for galvanized pipe.

It is obvious that the number of girth seams should be kept a
minunum because of the effect on capacity.

NOMINAL DIAMETERS

In all computations of pipe capacity it is important that any
appreciable differences between nominal and actusl interior diameters
be given full consideration. In manufacturers’ catalogues pipe is
known by its nominal inside diameter up to 15 inches. Beyond that
the outside diameter is the nominal diameter., All diflerences in
shell thickness affect the inside diameter only. The nominal diam-
eter is nppreciably less than the actual diameter up to about 1}g-inch
pipe. For larger sizes, up te 15 inches, the nominal and actual diam-
clers are reasonably alike.

For sheet or plate pipe of ¢ylinder-joint type the nominal diameter
should be that of the interior of the smaller rings or courses. For
similer pipe with taper joints, the nominal diameter should equal
that of the interior of the small ends of the courses. Thus for eylin-
der o3 taper pipe the average size is larger than the nominal size;
hence the average velocity iséicss than that computed for the nominal
size, and the actusl retardution is consequently less than that neces-
sary for the nominsl-dismeter velocity, The extent of these differ-
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ences is measured by the plate thicknesses, and may be immaterial
or may be of some moment, depending on the relationship between
the pipe diameter and the plate thickness.

FORMULAS FOR FLOW OF WATER IN METAL PIPE

Water is caused to flow and velocity is created by the force of
gravity. The flow follows the generzl law of falling bodies, and the
velocity tends to become constantly accelerated. In a pipe this
tendency toward constant as -oleration is balanced by the influences
retarding the flow, and a un.urm veloeity results.

For o pipe carrying flowing water under pressure, the difference in
elevation Hy (fig."2), between the surfaces of the water at the intake
and outlet, is the eflestive head through which the force of gravity
acts. The lost head of elevation it made up of several individual
losses, as follows (fig, 2):

e

Fraure 2.—~1ydranlic elements far loss of head in pipe

Velocity head=%h,= Tg" (1)

This is the head absorbed in creating the mean velocity V, at which
the water is conveyed through the pipe. This loss oceurs at the
intake. As a rule, soma of this velocity head is recovered at the out-
let of the pipe, although often it is not taken into account.

Entry head =A%, )

The amount of loss at the entry, due to the effect of contractian
eddies and other retarding influences, is variable and uncertain, but
most suthorities agree that it should be taken as half the velocity
head, unless the inlet structure is especially designed to minimize it.

Friction head, hy, is that lost in overcoming the retarding influ-
ences. In pipe lines of great length, the amount of this loss so far
exceeds the two losses first mentioned that they often may be disre-
garded, especially il diameters are small. This 1s the Joss upon which
the experiments described in this bulletin were concentrated.

Ip addition to the above losses there may be others, such as those
due to bends and valves or other obstructions; but in general, such
losses are not considered in the design of pipe for irrigation purposes,
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For this use the pipe is generally laid on curves both horizontal and
vertical, so gentle thet such losses may be disregarded.

if 1775, Chezy, s French engineer, offered his now well-known
formula for the flow of water in both open channels and closed

conduits:
V=CyEHs 3)

Here ('is a coefficient, originally thought to be constant, but now
known to vary as a function of the slope, the hydraulic radius, the
velocity, and with some factor representing the retarding influences
in the channel. Some of the formulas formerly used in this country
for the design of pipes have accepted the Chezy formula as a basis
and made only such modifications as experience showed to be
necessalry.

Since the hydraulic elements secured in the field experiments fur-
nish the necessary data for the determination of the factor represent-
ing the retarding influence in all the formulas most used in this
eouniry, this bufletin wiil show the retardation factor as developasd
by field tests for several formulas, as follows:

(¢} The Chezy formula (27, 159, 61, 86, 126)
Vm Oﬂile — OR 0.5 g 0.5 (4:)
() The Kutter modification of the Chezy formula, (208, 67)

1. 811 0. 00281
T+41.66 +“—8"—-

V:
1 +(41.66 +

) 00281)__n_ VEs )
g Ny

in which Cis elaborated so that it takes into considerstion the influ-
ences of the hydraulic grade and the mean hydraulic radius, and
introduces a new variab%e, 7, which was supposed to represent all
the retarding influences. For open channels the value of 7 has been
found to be quite constant, but for pipe of the types discussed in
this bulletin it is found to vary with size and velocities over a range
of from two to three units in the third decimal place. (See Table
13, p. 98.)

(3 The Weisbach formula?® which has been used in textbooks es
a general formula for flow of water in clean pipes. It is best adapted
to use on short lines with many special features so that the several
individual losses can be summed up as so many “velocity heads.”
The following basic equation can be established by usual hydraulic
reasoning;

JLV?

=51 (6)
(d) The Williams-Hazen general formula (780), for many kinds

of pipes:
V= CmRo.ﬂaso,m 0.00] 004 (7)

#4This basie fermuln, in various forms, ean be [dentifled as that of Cheey, Darcy, Weisbach, or Fanning,
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which may be arranged in the form—

171862
H=?€DTM (8)

The suthors of the formula suggest 110 as the proper value of ),
for new riveted steel pipe, but state that it decreases in the course of
about 10 years to 100. (See pp. 85 to 88.)

Some of the above formulas will be taken up again after an analysis
of the data, and specific equivalents given so that the engineer
familiar with one type of formuls and not desiring to change to a new
one may have the best suggestions offered by the available dats end
in terms familiar to him,

(¢) For the reascns given on pages 77 to 88 the writer offers the
following formulus, which include viscosity influence for a tempera-
ture of 16° C. and differentiate between various types and classes of
sheeb and plate metal pipe by means of coefficients, which sre them-
selves constant throughout the whole range of sizes and velocities for
a given class of pipe: -

) V!..GOO VLQ .
=K, prim= I{,E-ﬁ (Compsare with formula 8) (9)

¥ 0,620 T30 68 .53 730.68
Ve %{—;,_{fﬁ——, for working formula, say V= H—ng‘;—— (10)

5.5%) )2.68 0.63 1)2.58
Q 078 :-)-Ig;_sgﬁ—p- --+ for working formule, say €@ = % {11}

It should be noted that the sbove formulas are for new pipe, when
used with the values of A, given on page 12. It has long been
appreciated that all metal pipe deteriorates in carrying capacity;
the rate of decrease being dependent on the efficiency of the pipe
coaling, the composition and treatment of the pipe material and the
activity of the water conveyed in the pipe. Filtered and treated
water causes less deterioration than raw water. Long Lines deterio-
rate more rapidly at the upper ends than a$ the lower ends,

So far as available data indicate, the increase in the value of X,
with age (see p. 88 and fig. 6), is expressed by the formula—

K.!': K,f eO.BlSt (12)

where { is the age, in years. When ¢ is 0 than X, becomes £,

In order to study the probable performance of a proposed pipe line
throughout & long period of years any one of formulas 9, 10, or 11 may
be made progressive by substituting for X, various values of K, 9%
as taken from Table 7, page 89. Thus formula 9 becomes—

Vi_g
H= (K &%) 351, 13)

Where it is required that the capacity of a line be determined as
closely ss possible at a certain age to meet the requirements of =
iven painting, building, or extension program then the values of X,
or that age can he taken from the diegram in Figure 7, or from
Table 7. Initial value of K, as given in classes 1 to 3 below are for
new pipe with water at a temperature of 15° C. A variation of 10°
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either way affects the computed capacity within a range of only 1.5
per cent. If the flow of a line must be & maximum in very cold
wesether, then the value of V should be modified by the pereentage
factor given in the last column of Table 6, page 81. The argument
relating to the influence of temperature upon the viscosity of water
is given on page 78.

CAPACITY CLASSIFICATION

The sole purpose of any conduit is to convey water from one place
tc apother. Hence relative cepacity is a true measure for conduit
comparison. Obviously the larger the pipe, the more water it will
carry. However, a similar result may be sttained, to a marked
degree, by improving the character of the interior surface of the line.
A gquarter century ago, in economic studies of water lines, relative
values were assigned to unit cosgs of pipe of iron, steel, wood staves,
concrete, or other material. Consideration was alse given to the
strength and probable life of esch material. There, with a few
exceptions, the comparison stopped. To-day, practically no line of
magnitude is considered without comparison of t‘ie relative capacities
of lines of various materials and types of fabrication at various ages,
The final results of such studies usually take the form of & request for
bids on pipe of & given size for certain material and Eype of eon-
struction, and on larger sizes for other materials and other types of
construction thet are known to yield pipes of inferior capacity.

A glance at Figure 1 (p. 4), and pages 5 to 9 shows that & great
many classes might be considered in a study of sheet-metal and plate-
metal pipe. It s here considered feasible to use but three general
classes, first assuming that the following premises hold true:

All iron or steel pipe interiors should be chemieally protected with a coating that
forms the true interior surface, at least during the first years of the life of & con-
duit. Coatings are many and varied. Slome use for a base such materials as
asphalt, coal and water-gas tar, and other hydrocarbon compounds. There are 5
number of compounds and trade-name products. Paint and galvanizing are also
used. The life and efficlency of & given coating with 8 gi* en water is a material
factor in the progressive eapacity of a pipe line. The mechod of application has
much to do with the life of a coating. RIO perticuler eoating is associated with
4 particular mechanical type of pipe.” Innumerable combingtions are possible.

Bince most coatings are of appreciable body and tend to submerge minor
differences in original surfaces, many special {rade-name pipes merge into the
sgme categories, their interior surfaces being essentially identical after being
coated, although the methods of jointing may be quite different.

Conversely, some pipe makers show several types of joints in their cafalogues
but do nof differentiate between capacity classifications. Categories used in this
buileiin separate such types.

Obstruclions—rivet heads, plate offsets, blisters, tubercles, etc—have much
greater influence than appears possible to the eye. It has long been known that
an oceasionzl obstruction has greater effect than might be expected from the
combined efect of 2 number of obstruciions,

A pipe with ope or {wo continuous longitudingl projections such as are found
on lock-bar pipe or the smaller but rougher beads in most electric-welded pipe wil
be considered the same ns & pipe without such projections. Water fowing ab
*commercial velocities” does not follow straight lines, and there must be some
retardation due tn theee beads, especially in & sinvous line where considerable
“roping” of the water prism takes place. The uncertainty s t6 the amount of
the relardation and the fach that it is overshadowed by the probable condition
of the pipe conting scems to justify ignoring these projections.

With the above premises in mind, sheet and plate metal pipe have
been classified, and proper coefficients determined for use in formula 9
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. 10), for reasonably new pipe of each class. The change in coeffi-
clent is given under “‘the eflect of age” on page 88.

The three major classes are:

Class 1, full-riveted pipe, having both longifudinal and girth seams held by one
or more lipes of rivets with projecting hesds. From a eapacity standpoint, pipe
with counter-sunk rivet heads on the interior belongs in class 3.

Class 2, girth-riveted pipe, having no retarding rivet heads in the longitudinal
geams, but having the same girth seams as full-riveted pipe.

Class 3, conlinuous-inlerior pipe, having the interior surface unmarred by plate
offseta or by projecting rivet heads in either longitudinal or girth seams. " Not
necessarily described a8 '*amooth.”

The following are the suggested coefficients:

Class 1-a, K,’=0.38 for new sheet metal up to three-sixteenths inch thick,

Clasy 1-h, K,/=044 for new plate metal from three-sixteenths to seven-gix-
teenthe inch thick, with either faper or cylinder joints.

Ciass 1-c¢, K,/=0.48 for new plate metal from one-half inch up, with either
taper or cvlinder joints, and for plate from® one-fourth to seven-sixteenths ineh
thick when butt jointed.

Class 1-d, K,"=10.52 for new butt-strap pipe of plate from one-half inch up.

It will be noticed that no differsnce is made, in class 1, between
lap-riveted pipe of either cylinder or taper joint. Although there are
appreciable” differences in these joints, they seemngly reduce to
approximate equelity in carrying capacity. Lap-riveted pipe with
taper joints “shingled ”’ downstream, have enlargements for the water
prism at the lower end of each ring, but no contractions for the
prism. Cylinder joints, on the other hand, have alternate enlarge-
ments and contractions of the water prism. The influence of the
contracting offset is eom ensated for to a certain extent by the fact
that the size of pipe and nominal velocity are based on the smaller
rings, and that there are somewhat lower velocities and lower friction
losses in the larger rings.

No difference is made between single and double or triple riveted
pipe. As a rule the number of rows of rivets increases with the
thickness of the pletes and inherent differences in capacity are included
in the classification on the basis of plate thickness.

Class 2. K,’=0.34 for new girth-riveted pipe. This class covers
all sheet and plate pipe with continuous-seamed longitudinal joints,
but with the girth joints, particularly the field joints, made with the
usual rivet heads inside the pipe. It includes lock-bar and hammer-
weld pipe with lep or flange-riveted field (girth) joints; electric-weld,
hammer-weld, and drawn pipe with riveted bump joints; and all
other types with surface continuous except as broken by a girth belt
of rivet heads between field units. These girth seams are usually
single-riveted when joints are bump or taper type, but of course
require at least two rings of rivets for flange or butt-strap joints with
exterior strap uniy.

Class 3. K,’=0.32 for new continuous-interior * pipe. This cless
comprises all types of sheet and plate metal pipe that offer a prac-
tically uniform interior surface of relative smoothness. Full-welded
crimped slip joint, lock-bar with welded flange or leaded sleeve con-
gectlons, bell-and-spigot, bolted-coupling pipes, all belong to this

ass.

111 Continuous-interior™ s offerad aa descriptive of an interlor surface unbroken by rivet heads of Bppre-
cinble shell-thickness olfsets. Use of the apparently chvious synonym *‘smooth™ hes purposoly Iw2n
avolded, ns this deseription 1night hold only while the pipe is new.
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TREND OF ENGINEERING THOUGHT REGARDING THE CAPACITY
OF RIVETED STEEL AND ANALOGOUS PIPES

In the bulletins on the capacity of wood-stave (152) and concrete
(158) pipes a definite trend of thought can be followed, all concentrated
in the period of the present generation, es these two materials have
coms into general use during this time. Riveted pipe, on the other
hand was used during the 40 years prior to 1900, and was classed with
all other pipes, one formula being used for clean pipe and, sometimes,
one for tuberculated pipe. Meta: pipe—Ilead, tin, brass, or cast iron—
has been used since the days of the Caesars (88). From Brahms
(1757) and Chezy (1775) through nearly 100 years, formulas appeared
from time to time for flow of water in pipes. (See Table 5, p. 80.)

Darcy and Bazin, after their pioneer experiments at the middle of
the nineteenth century, on various kinds of small pipes and conduits,
undoubtedly realized that all surfaces were not alike when it came to
the conveyance of water. From their investigations Darcy offered
his formula, in the binomisal form, for clean cast iron and tuberculated
cast-iron pipe. Francis (63) in 1872 converted this formula into
English measures and it has since been used more or less for cast-iron
pipe.

By the time Hamiltor Smith made his experiments (1873-1876)
it wns definitely known that the carrying capacity of cast-iron pipe
decreased, both by the throttling of the condwt as a result of chemical
growths and the excess retardation of velocity within the remaining
water prism. However, it was not until 1890 that it was realized that
riveted-steel and iron pipe are also subject to this time deterioration,
though perhaps in lesser degree than cast iron. Neither Fanning
{(63) nor Flynn (61) mentions riveted pipe as being in a category
separate from cast-iron pipes, which they discuss at length. It appears
quite certain that riveted pipe was first given definite individuality
by Herschel (86} in 1896.

Yor at least 30 years riveted pipe has been placed in a distinct cate-
gory and definite ideas have been expressed in regard to the eapacity
as distinguished from that of cast-iron pipe. Development of pipes
now classed as girth-riveted or continuous-interior commenced aboué
1800. These have grown up as analogies of riveted pipe and it is but
naturel that their capacities should have been considered along with
that of riveted pipe. It has been known for some time that their
cepacities exceeded that of full-riveted plate pipe, but the degree of
this excess has remained & matter of opinion only.

So far as it has been possible to ascertain, the first large riveted
pipes in this country were built by the city of San Francisco. Pracy
(136), describes the line as a riveted wrought-iron pipe 30 inches in
diemeter and 135 miles long, laid in 1868. i’umerous smaller riveted
wrought-iron lines had been laid throughout the hydraulic-mining
sections of California from 1852 on. These lines were of slightly taper-
ing sections joined in the field by slipping the small end of one section
into the larger end of the next, giving the neme stovepipe which is
used to this day for this type of joint.

In the carly seventies Hamilton Smith, then engineer for mining
properties in California, started the classic observations and studies
that resulted in his Hydraulics (7569). He made careful tests of the
Joss of head for various velocities in pipes from 11 to 30 inches in
dimmeter, and computed the resulting values of ¢/in the Chezy formula,
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which apparently was the only formuls used to any extent in this
country until about 1900. {Pipes Mos. &, 12, 15, 18, 25, 26.)

In 1873 to 1875 the city of Rochester, N. Y., laid what is now known
as conduit No. 1. This was a compound line of 36-inch and 24-inch
wrought-iron pipe, and 24-inch cast-iron pipe. In 1875, L. L. Nichols,
under the direction of J. IN. Tubbs (70), made measurements that were
oflerad as gat:?ings,showing the capacity of the line to be above 9,000,000
gallons per day, although it is stated that the original design, by
“standard formuls,” called for a flow of but 7,000,000 gallons. These
measurements were a_[ﬁparentiy given full weight by Hiram Mills and
Humilton Smith, both contemporaries, in making similar geugings.
Both were competent to judge such measurements. Mills (122, p. 203)
who was ut the height of his long engineering career at the time of the
1876 tests, ncceptod them 49 years or more later with these words:

It was at first thought that there must be some radical error in the early
mensuremenls but we find the change is ove to be expected and not inconsistent
with the decrcuse in discharge found in other hke conduits and with the decrease
that has continued through the following 14 vears. [From 1876 to 1890]

About 1890 two occurrences started an active discussion among
bydraulic engineers regarding the capacity of riveted-pipe lines.
These were the construction of a 48-ineh trunk line to serve Newasrk,
N. J.,, and additionsad tests made on the Rocliester Jine, then 14 years
old. (See quotation above.) Accerding to Herschel (86, p. 10}, the
size of the JNewnrk line was computed originally by the Lampe for-
mula (Neo. 3, Table 5), and checked by tables offered by Smith
(158, p. 271). The figures given out for the capacity of the Rochester
line 1x 1876 justified the resulting size of pipe, which was slightly less
than 48 inches in dinmeter. All the data then availsble had been used,
these being Darcy’s tests on a 1134-inch plate-iron pipe and Smith’s
tests on riveted pipe in Celifornis, the Rochester test, and one by
Hersehel on o very short reach of 103-inch pipe in the Holyoke trunk
line.  (Pipe No. 77.) .

The Newark line was designed for a capacity of 50,000,000 gallons

per duy. When it was put 1n commission in 1892, the draft was only
about 20,000,000 gallons per dey, aud it was not until 1896 that full
capacity was required. At this time the maximum cepacity was de-
termined as about 35,000,000 gellons per day, from which Herschel
C‘Sti;!‘;ﬂl‘.(&d the original capacity to have beea about 43,000,000 gallons
per day.
I The second attack on the hydreulic caleulations of the Newarl line
cume in the form of Rafter's tests (1890} and Kuichling’s tests {1891)
of the Rochester line (740). Instead of carrying the 4,900,000 gallons
per day, reported for 1876, the line earried slightly more than 7,000,000
gallons per day in 1890, Iess than 7,000,000 gallons per duy in 1881,
nnd progressively less in subsequent years. Even if 1t were conceded
that the 1876 tesis were erronecus, here was evidence that riveted
pipe decreased in capacity from yewr to year; but, to quote Herschel
regarding the computations for the Newark line:

No allowance was made in the computiation for deterioration of carrying
capaeity by the formation of tubercles. This wus omitted beeause it was then
suppuserd thut steel pipes would pot deteriornte in this way, like cast-iron pipes,
Uri a% sltat,(-d ie Hamilton Smith's Hydroulics, *' wouwld remsin free from rust and
tubercies.”
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Thus the years of the early nineties may be said to mark the begin-
ning of a true understanding of the capacity of riveted pipe. Interest
in this subject was heightened by the discussion in engineering litera-
ture, centering eround the measurements at Rochesterin 1876 and the
subsequent tests of the Rochester line in the years from 1890 to 1895.
1o dismissing the 1876 figures for the Rochester pipe line, a statement
may be made on the basis of comparison with several hundred tosts
listed in this bulletin, The retardation factors are given for historical
reasons, even though they are, perhaps, without value as evidence of
capacity. {(Sce pi{)e No. 150, Table 2, p. 42). Since the Rochester
pipe is a compound line, » loss must be sssumed for the cast-iron pipe
and the remaining Joss used in cemputing retardation factors for the
riveted line. For the average flows of three tests the value of 'y
in the Williams-FHazen formuls is 126 if their recommendation of u
value of 130 for new cast-iron pipe he sccepted. If a value for the
eust-iron portion of the Rochester main be taken as 135 for new pipe
the corresponding value for the riveted wrought-iron portion becormes
119.6.  Both values for the riveted line are miore favorsble thap
should be expected.

In 1897, Ierschel published his 115 Experiments” (§6), reporting
the results of measurements on the lines of the East Jersey Water Co.
by his assistants, J. Waldo Smith and W. 1. Herschel (86, p. 47).
These figures were supplemented by all other tests on “large, riveted,
metal conduits” which were kuown at that time. The only retarda-
tion factor considered was Chezy's ¢, The only graphic study was
made on ordinury coordinate paper. Ferschel “declined to evolve o
formula™ from the 115 experiments. The writer has included the

o.\'lp{‘riments listed by Herschel and made them comparable with all

other smmular data by computing additional retardstion {actors for
other and later formulus thun that of Chezy. (See Tables 1 to 4,
inclusive.)

During the late nineties the Kutter formula (see p. 9) was much
used for pipe lines, and finally a rather definite value ofn=0 015 {or
riveted pipe became aceepted.

The next important development was the Williams-Hazen formula,
About the beginning of the present century technical literature began
to indicate & decided reacticn against the use of the basic simple
assumption that V= VRS or V= (RS 8%, which may be converted
inlo the general formula

H=k‘-g; {(See Tuble 5, p. 80.)

where
d=1000s, z=2, and z=1

By this time there were available several series of tests on pipe lines
of varipus materials. When plotted on logarithmic paper, with loss
of head as ordinates and velocity s abscissas, the observations re-
sulted in a straight-line relation. These lines with rare exceptions
were not at a slope of 2.00, but were at various slopes between 1.70
and 2.00 an indication that the loss of hesd does pot vary as the square
of the velocity for all kinds of pipe.

While Hagen, Saint-Venant, Lampe, Tutton, sod others had offered
formulas for flow of water in pipe thet made use of [ractional expo-
nents it remained for Williams and Fazen to choose one seb of ex-
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pouents and varying coefficients from a consideration of some 1,100
experiments, which undoubtedly agree within reason with the per-
formance of pipes in commercial service. T heir experimental data
covered pipes of many materials. Under their elassification of riveted
pipe—the nearest approach to the types covered in this bulletin—
the data available inciuded the experiments of Darcy, Hamilton
Smith, Herschel, Kuichling, and Marx, Wing, and Hoskins. They
had no experiments on pipes now classed as girth-riveted and con-
tinuous-interior.

In the Scobey studies of wood-stave pipe (152), concrete pipe (153),
and in the present study, it: was found necessary to differ slightly from
the formilz of Williams and Hazen in offering formulas for the Hlow in
specific kinds of pipe, but the writer has been continually im-
pressed with the value of the Willinms-Hazen formula as a framework
for use on all kinds of pipes, as opposed to any other one formula.
However, no reason is apparent why specific formulas, when sup-

orted by sufficient evidence, should not be used in the detail studies
or specified types of pipe.

In order to give the opinions of practicing hydraulic engineers on
the formulas and suggestions of investigators before them the following
items have been collected:

Smith (159, p 265), who made experiments on thin-shell pipe in the
early seventics, sensed the deduction which the writer makes 1n estab-
lishing a scparate category for thin-shell pipe. He states that, in his
experiments, riveted pipe, when coated with asphalt, carried as much
water ns well-made cast-iron pipes similarly coated. This is now
known to be incorrect as a general statement for riveted pipe, but it
is approximately true for cluss 1-a pipe, which includes the kinds of
pipe tested by Smith.

E. Kuichling says that a value of € (Chezy) of 118 was used in the
design of conduit No. 2 at Rochester. (Pipe No. 40.)

{n 1897, Goldmark (70), used the Weisbach formula (No. 6, p. 9),
in the design of the 6-foot riveted-steel, (No. 69), and wood-stave

ipe line at Ogden, Utah, which was then credited with being the
argest riveted steel pipe ol its type. For the stave line he used a value
of f=0.01 which may be converted to a value of Chezy's (=160,
and for the riveted steel portion he used a value of =120 “taken at
three-fourths the nbove value.” Actual tests made soon alter com-
pletion of the line indicated that both values of ¢ were too opti-
mistic—by about 30 per cent for the stave line and by at least 10 per
cent for the steel pipe. (See pipe Nos. 69 and 659a.)

John R. Freeman, in reporting on a New York water supply line,
recommends a value of n=0.011 for new riveted pipe and 0.016 tor
foul riveted pipe, with smooth interior, countersunk rivet heads, and
butt joints on girth seams. (Class 3.)

The Cooleardie lock-bar pipe line (No. 314) was designed, using
a value of C?(Chezy) of 08.

In 1911, Hazen {82), wrote that double-riveted pipe should be 4
per cent larger in diameter than cast-iron or lock-bar steel pipe.

For riveted pipe, after years of use, Williams-Hazen suggested a
value of ¢, =95 for design purposes (180, p. 8).

The board of consulting engineers of the Los Angeles Aqueduct
determined lor the riveted-steel sipbon pipes a value of Chezy's (/ of
90, equivalent tu Kutter’s n=0019 ({12, p. 81). ‘These relatively
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low eapacity factors resulted from the board’s study of the time-
deterioration data then available, which included pipes Nos. 21, 60,
and 64 and the Newark lines reported by Herschel. Before obtaining
the deterioration data this board suggested as coefficient for steel
pipe with rivet heads and seams projecting on the interior & value of
n=10.016,

Parker (192) suggests the use of Tutton’s formula V— C Rosg5
(I71) with a value of (,=130 as a working value for new lap-riveted
pipe, tarred or esphalted with rivets projecting, and a value of ¢, =112
for the same type of pipe when “old.”

For the Ontario Power Co.’s lines » velue of ¢, of 110 was used for
butt girth joints.

In the study by the Columbia Basin Survey Commission for the
proposed Columbia Basin irrigation project, in Washington, a value
of n=0.015 was used for the design of riveted-steel siphon pipe up
to 23 feet in diameter.

The hydraulic power committee of the National Electrie Light
Association (127) after assembling the data on pipes Nos. 65, 66, 67,
G8, 72, 73, 74, 79, 152, 156, 156a, 160, 228, and 230, concluded:

From ihe experimentsl data available it is believed that the following values
far n (Kutter) are conservative and ean be used with safety for purposes of design;

Lapwelded pipe with bump joints

Thir riveted pipe with lap joints

Pipe of moderate thickness with butt joinis
Heuvy pipe with triple-riveted butt joints

As a result of a questionnaire submitted by the subcommitee on
artificial waterways of the power committee mentioned above, it is
teported that the Southern Sierras Power Co. used 7=0.016 for lap-
riveted pipe,7=0.018 for butt strap joint pipe, and n=0.012 for lap-
welded penstocks from 28 to 66 inches in diameter; the Southern
California Edison Co. used n=0.012 {or lap welded pipe and n=0.017
for riveted pipe for Kern No. 3 plant {pipes Nos. 156 and 1561); the
(’.‘a’lifori_:ia-gregon Power Co. used Williams-Hazen €,=100 for
riveted steel pipe. The sume value was used by San Joaquin Light
& Power Co. for at least three of its plants, and by the Puacific Gas &
Electric Co. for many of its riveted penstocks while 1t used Kutter's
7=0.013 for the Hat Creek penstocks of riveted steel from 96 to 120
inches in diameter.

In the specifications for a pipe line to increase the water supply of
the District of Columbia, prepared in 1925, the War Department
states that friction Josses were calculated on the basis of the Williams-
IHuzen formula with ¢'=100 for cast-iron and steel pipe and 130 for
concrete pipe. The specifications state that, “The riveted steel pipe
shall be made 2 inches larger in diameter than other kinds of pipe to
make their carrying capacity approximately the same as cast-iron
or welded steel.”

To sum up: The design of riveted pipe, from a capacity stand-
point, was at first based on a comparison with cast-iron pipe without
epirical data as support. With the cciiinued use of the Kutter
fermula in this country, a general value of 7n.=0.015 for riveted pipe
was accepted. During the past 25 years the Kutter formula has
been nore or less superceded by the Williams-Hazen formule, especi-
ally for the design of power penstocks, & round value of ¢\,—=100

$2210%—30———2
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being used. However, it is noticeable that the hydraulic power com-
mittee of the National Electric Light Association makes suggestions
in terms of Kutter's n, the value varym? from 0.013 for we ded pipe
to 0.018 for heavy butt-joint pipe. As lor the g1rth—r1veted and con-
tinuous-interior types of pipe it has been :}pprecmted, of course, that
their capacities exceed that of ordinary riveted pipe, but there have
been but few actual field data offered to establish definite relative
capacities, ) ) ) )

In this bulletin the writer will endeavor to establish:

That the available dats warraent an exponential formula entisfying both
empirical data and the theory of gimilarity of fluid flow.

That the suggested formula conlains exponents sutficiently rermaved from those
of the Williams-Hazen formula to warrant a change, especially for high velocities
and large-dismeter pipes.

That there are now available sufficient experiments on girth-riveted and con-
tinuous-interior pipes to establish ressonable coefficients as separate entegories.

That suflicient progressive data are now available to warrant a tentative
formula for time-deteriorntion in the capacity of riveted steel and analogous

ipes.

That the value of Kutter's n varies at Ieast 0.002—for instance from 0.011 to
0.013—for identical surfaces when followed through a wide range of sizes and
velocities, thus rendering the Kutter formula urrelinble when considered with a
constant value of n.

That engineers not wishir.g to adopt the new formula offered in this bulletin,
although it most nearly conforms to the experimental data, should not digress
farther than to use the Williams-Hazen formuls, which conforms with reasonable
closeness to that of the writer for usual sizes and velocities.

NECESSARY FIELD DATA FOR DETERMINING THE RETARDATION
ELEMENTS OF VARIOUS FORMULAS

A glance st pages 9 and 10 shows that in & study of the various
formulas, all of which contain the same hydraulic elements, the fol-
lowing data must be determined by field tests:

¥ — the mean velocity of water in the pipe.

h;=the loss of head due to retardation in a section of pipe within a
known distence.

D or d=the internal size of pipe.

The above data having been secured, the coefficients of retardation
may be computed for each of the various formulas.

MEAN YELOCITY OF WATER

The velocity of the water flowing in & reach of pipe may be measured
in two general ways:

(1) Directly by timing a given volume of water through a known
distance.

(2) Indirectly by measuring the discharge of the pipe, thus deter-

mining the quantity, €, and solving the equation V=}1»

Where the velocity is determined by the direct method the error
is probably smaller than where the indirect method is used, uniess
exceptional facilities for complete measurements, including interior
diameters, are 8% hand.
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LOS3 OF HEAD DUE TO RETARDATION

Most of the recent experiments on the flow of water in pipes of
uniform size have been made with piezometer columns. This was
the method used by the writer. If a plezometer (fig. 2, p. 8) be prop-
erly attached to the pipe, the pressure in the latter will support a
column of water the surface of which is at elevation E,,on the hydraulic
grade line. In the same way the pressure at gauge No. 2 will Lift
a column to elevation E, For a pipe of uniform size the difference
botween these elevations is the head lost, %y, due to the retarding

mlluences.
INTERNAL SIZE OF PIPE

The method used in ascertaining the inside cross-sectional ares of
the pipe is described for each test, where possible. In some cases
sevom{ sections of pipe, remaining after construction, were measured
wnd their mean inside cross-sectional aress accepted as the internal
sizes o the operated pipes. For some tests the external cirocum.
ferences were messured and the known plate thickness deducted
Iromn the externsl diameter. In other cases the nominal diameter of
the pipe was necepted.

SCOPE OF THE EXPERIMENTS

Experiments by the Division of Agricultural Engineering were
made for the inost part on thinsheet and plate pipe in irrigation service.
It wus appreciated that there already existed a great number of tests
on riveted and nnalogous pipes largely used in connection with munic-
ipal installntions and power plants. It merely remained to discover
possible differences due to trrigation practice, and to anelyze all the
availeble data with a view to proving any one of the accepted formulas
or to the development of & new formula if it should be required,
The division made 98 tests on 29 pipes ranging from 4 to 168 inches
in diameter. From other sources there have been collected 1,080
observations on 169 reaches of Pipe ranging in age from new to 47
yearsold. Many of these tests cover progressive gaugings on the same
reach of pipe, extending over a long period of years, thus furnishing
deta on the time deterioration of capacity ﬁ;ng known to exist.
Many of the data assembled have never been made available to the
public. The total observations number 1,178 on 198 reaches of pipe
segregated as follows:

Obsor-
vaotions

Full-rivewed plpes; thin sheet metal. . . . e e cmewan 125
Full-rivetnd pripe; plato metal_ . .
Girth-rivated pipe__ . ., 07"
Continuous-inlerior pipe. ...
CMempound plpe

Direcys plpe.. .. .. 0.
Corrugated pipe. ...
Bpiral-riveted plpsi

‘I'otal

TOF Lhese, 201 shervations on 14 roaches of pipe ara found in reference 73 vnly. The pipe oguations are
gven "t able 4,
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EQUIFMENT AND METHODS EMPLOYED FOR COLLECTING AND
INTERPRETING FIELD DATA

With the exceptions given below, the equipment and methods
used were those employed in the experiments on wood-stave and
concrete pipe, deseribed in Bulletins 376 and 852 (152, 153). For the
sake of brevity the descriptions will net be repeated.

PIEZOMETERS

Tor nearly all the experiments the same type of piezometer connec-
tion was used. In essentials this was & piece of brass tube three-
sixteenth inch in external diameter and 8 inches long. One end was
cenlnd and two ¥.inch holes were drilled 1 inch apart on the same
longitudinal element, the hole nearest the end being 1 inch back
from the rounded seal. The tube was ground to a slight taper so
that midway of its length it [itted tightly into a ¥einch hole in the
chell of the steel pipe to be tested. The piezometer boles, being
drilled completely through both sides of the tube, gave four pressure
orifices. Care was taken to insure that_these orifices were neutral
to the current of the water in the pipe, For small pipes of relatively
rreat length only one tube was placed at each end of the reach.

On the larger pipes two or three piezometer tubes were used at each
end. Any positive or negative pressure influence, due to velocity in
the pipe as the water slipped past both sides of the piezometer tubes,
wis existent ab both ends of the reach and need not be considered.
The piczometer tubes at both ends of the reach were under the same
dynamic conditions so that they reflected only the fall in the hydraulic
zradient, Ay, usually termed the ™ friction”” loss. This type of con-
nection was considered as much superior to connections to holes drilled
through the pipe shell, which haye more or less burr on the inside.
Tt would not have been feasible with most of the pipes tested to turn
out the water, drill holes, and smooth off any interior burrs. For
the sms(xl'ller pipes this could not have been done except when the pipe
was laid.

When the piezometer tubes were [irst thrust into the pipe there was
usually o slight leskage around the tube, but this quickly stopped.
No dilliculty was experienced in holding these tubes by friction alone
in ¥ginch plate pipe under a pressure head of 160 feet.

Upon completion of the test each hole was repsired by driving
into it a copper rivet, well smeared with asphalt. A Heinch hole
was then driled nearly through the center of the rivet. A small
wire nail was inserted in this hole and gently tapped, the bevel cuts
at the end of the nail expanding the copper rivet on the inside of the
pipe. Care was exercised not to drive the nail through the intetior
end of the rmivet. Some of these rivets were examined 10 years
after insertion and were [ound to be tight and apparently sound.

This type ol piezometer connection and pipe repair offered a
simple solution to a problem that at first appeared quite complicated,
costly, and laborious.

OFFICE EQUIPMENT AND METHODS

Whero feasible, original multiplieation, division, and addition were
performed on meehanical devices or with logarithms, and checking
was done by an alternative process. Tubles containing uniformly
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progressive figures were
i fifth

aNswer.

ELEMENTS OF EXPERIMENTS FOR THE DETERMINATION OF FRIC-
TION OF LOSSES IN SHEET AND PLATE METAL PIPES

Tables 1 to 4 give the clements of nearly all known observations on
riveted and analogous pipes under pressure. They do pot ineclude
published resuits of laboratory tesfs on spiral riveted pipes (73).
However, the individual pipe equations for these pipes and com-
parisons of observed eapacitics ¢ those computed by the formuls
recommended in +*his bulletin are given in Table 4.” The various
series are arranged ip ascending sizes of pipe and within each series
the observeations are arranged in ascending order of velocities, The
observations for simple pipes are given in Table L. A slightly differ-

ent is necessary for compound pipes, which are listed

4 the various series are summarized

t to all the observations within that series are given,

2s well 8s average values of &, X, d m. This arrangement

results in economy of space and i nvenient form for
certain studies of capaci ty.

EXPLANATORY NOTES, TABLES 1, 2, AND 3

Column 1 gives the numbers assigned to the pipes. The same
order of presentation is followed in Table 4 and in the discussiens in
the following pages and in the appendices. Experiments conducted
by the writer are listed FC'S i column 2 and sre discussed in the text,
while the essential data secured from other sources are abstracted in
appendix 1. The initigls of the hydraulician making the experiments,
where known, are given in column 2 and his full name is given in the
discussion. Assisting the writer at various times in the experiments
and computations wers P. A Ewing, T. H. McCarthy, E. C. Fortier,
G. H. Henderson, W. J. Maenetta, and J. M. Brockway.

Column 14 of Table 1 gives the retardation coefficient in the
accepted exponentisl formula
amoust of influence due to d

dividing K,, in
column 14, by the value of »o!. The symbol » is tge kinematic vis-
cosity (in English units) for the actusl temperature of the water
(Table 6, col. 7, on P. 81}, where this item is given, or for an assumed
temperature of 15° C. where jt is not given. For most studies the
velues of K, in column 14 ure sufficient. The other columns are
considered as scif explanatory. Complete dats were not available
for a few of the pipes; they may be produced in future.

For the compound pipes, described in Table 2, the base dats must
be treated in a manner slightly different from that for a simple pipe.

or & given quantity, Q, the separate velocities in the various sizes
of pipe can be computed. 1f the pipe be of uniform type then & single
retardation factor ean be found, in any one of the formulas considered,
that will represent all the friction losses (columns 12 and 14}, in 3
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given pipe equalling the observed total loss, including enlargemend
and contraction losses. Where a pipe line has two types of pipe itis
Decessary to assurme a reasonable factor for the type of least influence
and compute the corresponding factor for the sizes of the predominat-
ing type. As Kutter’s m is not & constant throughout the ranges of
size and velocities for s given surface of pipe, it is proper only to
compute &n approximate value for the verious parts of 8 compound
pipe- EXPLANATORY NOTES, TABLE {

Tn Table 4, column 6 gives the capacity class according to the
specifications on pages 11 and 12. Where the plate thickness varies
s0 as to place parts of the linc in different classes the range is listed.
Column 11 presents the individual pipe equations of the exponential
type (formula 14, p. 79), for all series that covered & range of velocities
sufficient to give a definite trend. Where only individual observa-
tions or limited series are availuble the column shows the values of 3’
us projected at the accepted slope of 1.9.  All these values of M and
A, when plotted as in Figure 5 (p. 83), justifly the acceptance of
the exponent 1.1 Tor D in formuia 21, page 79. Columns 12 to 14,
inclusive, give the average values of Gy, K,, and m, after exclusion
of ail observations given a I rating. Column 15 shows the variation
of the carrying capacity of the pipe, as determined from theobserved
hydraulic elements, from the capacity of the same pipe had 1t baen
computed according to the suggestions in this bulletin, giving con-
sideration to type and age of pipe and also the small corrections for
temperature of water, where this was given. Where the observed
capacity is much less (indicated by minus sign), than the computed
capacity, it will generaily be found that the pipe is supplied from an
open canal and the capaecity has been reduced by silting or algs
growths. Where the observed capacity Is much greater and the pipes
are old the rate of decrease in capacity is much less than usual.




TaBLE 1—Elements of experiinenis Jor the delermination of friction losses i;lz sheet metal and plate-metal pipe, with retardation coefficients in
various jormulas

FULL-RIVETED PIPE

.

Coafliclents of retardation

. Q= Ve : Tem- Scobey

Experimenter, | Obser- Quan- | Mean per-

year, and age | vation Name and deseription of pipe tity [velocity at(l,xlre ,
i n r or = 7= Vis-

otripe ratine : serc)gud seg;nd water "{;‘515‘ I\(;)si\t)i's m=Viscos-

bach 1 oelecied l:lfl:r'ia?i-

v ;

}1,:1{,-5‘_:‘_ Ky=mpd1

15

o
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L. 1. 3-2 Lat. Okanogan project Washington.

FCS, 1917, 2
years, U. 8. Bureau of Reclamation

288

CcCooocoooo

HD, 1851, now New pipe; sheet iron, covered with bitumen;

. straight; longitudinal scams riveted; screw

oints; sllghtl{ inclined upward: loss of head

v _water and ‘mercury manometers; Q by
calibrated tanks,

og-ga-gigigat
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Ben Dougal private line, Omak, Wash, New
galvanized straight pfpe; asphaltum coat
applied hot.

et i

FCS, 1017,
new,
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nasLe 1.—Elements of experiments for the determination of friction losSes in sheet melal and plate-metal pipe, with retardation coeflictents in
various formulas-Contiuued '

FULL-RIVETED PIPE--Continued

Coeflicients of retardation

. = V= Scobey

Experimenter, | Obser- Quan- | Mean

year, and age | vation ‘Name and description’ of pipe tity |velocity Cu=
of pipe rating per per ] C: Wil n=

second | second liams- | Kutter

llazen

o

22858380

b

g2e238R

Whittier Water Co; mear Whittier, Calif,
Pipe straight; 1ap riveted, double-dipped in

‘ hot asphaltum; velocities by color; loss of
head by water and mercury columns.

FCS, 1919, 24
years.
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Shobert ditch siphon, near Placerville, Calif.;

FCS, 1919, 8
1ap seams, double riveted, of 14-gauge metal.

years.

City Garden siphon near Placerville, Calif.

FCS, 1919,
i Pipe tecently rebuilt.

mixed.

Hs, -187, §
years.
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North Bloomfield pipe, Californis, . 5 years
old; shop riveted in 20-foot lengths; slip
joints in field.
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Conduit No. 10. New sheet iron, dipped in
{)jtux)uen. (See pipe No. 2 above for descrip-
jon.

HD, 1851, new
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U. 8. Bureau of Reclamation.

HS, 1876, 5 . North Bloomfield pipe. 1of 3 pipes laid side
Years. by side. (SeeNo.9aboveand No. 15 below.)

FCS, 1917,3 A { T.C. 9Lat. Oknm:sanprojcct Washington.
years.
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AMeLH, 1896 | New Westminster, British Columbia. Pipe3
years old. :
Same pipe as above. 3 years later
Carlisle siphon, near Placerville, Calif. Lap
-riveted; part new and part salvaged pipe.

88
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24
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us, 1876, 5 North Bloomfield pipe, California.. 10of3pipes
in same trench. = (See Nos. 9 and 12 above.)
Interior quite smooth and free from Tust.

[

years.

B
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ATLA, 1806
FCS, 1910, 3
years.

Astoria; Wash. . New

Lateral No. 20 from Chatsworth high line, Lo
Angeles, Calif. Cylinder jointed riveted
pipe; heavy coat asphaltum buries flat heads
of rivets.
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IS, 18789 _...
FCs, 1919, 4
years,

Texas Creek pips,” 1year old

Orange Blossom siphon, Oakdale, Calif. Prac-
tically straight in plan but on a long sag in
profile; heavy asphaltum coat hides rivets.
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FCS, 1019, 4
years.

Birnbaum' pipe line, Oakdale irrigation  dis-
trict, California. Straight, level line; rivets,
flat-headed; heavy asphalt coat; velocity by
color; mercury column st upper end, water
column at lower end. This part of line
probably free from silt, unlike No. 22,

e

JBL, 1909, 8
years,

Force main, Buena Vista pump station, Los
Angeles. Riveted. steel, taper joints; 10-
gauge metal, 5 hends of 90°, 52°, 43°, 47°, and
10°, respectively. ’

SHdId TAALS CALFAIE NI MTLVM J0 MOTd THL

ERRELTRRURSESS
SEEERETRIAIRREEES

Lt e e B T T e T N N N

Plabe e £3.00 1960 0 0n 120 09 60 R0 PO 1t 14 e 1 e
Bt et e et et
T

-~
<
o~




TapLE 1.—Elements of experiments for the delerminalion of friction losses in sheel metal and plate-metal pipe, with retardation coefficients in
various formulas—Continued

FULL-RIVETED PIPE—Continued

9¢

Coeflicients of retardation

d V= < Scobey
Experimenter, Mean .
year, and age Name and description of pipe : velocity

of pipe : r

Cu= f .

pel C: Wil- K,=Vis-

second | liams- cosity ity con-
Hazen ueglwpqu sidered

H=K.35r Fy=mpdt

m=Viscos-

14 15

Rirnbaum pipe line, Osakdale irrigation dis-
trict, California. - (See No. 20 above and
No. 31 below.) Same methods used. - This
part of line subject to silt accumulation more
than other parts tested.  Pipe, straight,
double-dipped in asphaltum.

FCS, 1919, 4
years.
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0. | Rochester, N. Y., conduit No. 1o wocmnrraens
Shorter reach of pipe 23 <.
About one-third of pipe 23; 15 years old..
Humbug pipe, California; 5 years old..._-
Cherokes siphon, California; & years old.

San Franeisco, Calif.

Spring Velley Water Co.; 42 years old
Same system as above; 47 years old
Portland, Oreg.; nDew. -
Birnbaum pipe line, Oakdale, Calif.; 4 years
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Puinp lift; Lindsay-Strathmore irrigation dis-
trict. California. Line straight in plan; on
continuous upgrade in profile,
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FCS, 1917,
C1I, 1592, new.

a; 1896, ... ...,
IN, LeC,101),
24 years.
LeC, 1011,
WR.. ..

EK, 1807,
years.

1805-1000.
10011005
1906~1010_
19111015,
1916-1920.
18051900
1901-1905.
1906-1910.
INL-1915..,
1916-1020,
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i \‘icltl?ria Aqueduct, British Columbia; 2 years
old. :

East Jersey Water Co., cylinder Joints, con-
duit from Belleville to South Orahgo A venue
linea lousv. inverted siphon; coniains 6 curves
of radius less than 100 feet; of beveled plates.

Same reach s above 4 vears later.

Alameda pipe, Spring Valley Water Co., San
Francisco.

Another reach of above pipe.....

Rochester conduit, No. 1, 1800,

Sawme reach as above, vear later, 1801

Rochester, N. Y., conduit No. 1; constructed
1873; al} tabular figures are averages of num-
bers of observations in column 3, covering
years in column 2,

Rochester,- N. Y., conduii No. 2, from
overflow No. 1 10 Mount Hope - Roservoir
on southern division, 28 miles long; con-
structed 1893-04, of steel plates 15, 5{s,
and 34 inch thick; quantity by rise in reser-
voir, loss of head by mercury gauges; cylin-
der joints,

Same reach ‘of pipe as above, 1 year later.
Kuichling says these tests, made “‘with ut-
most care.”  They are )lnobahly entitled to
more weight than are the 1896 tests ahove;
results are ‘more uniform, but indicate g
smoother pipe.

Roéhosler, N. Y. ConduitNo.?2, reach about -

twice the length of Nos. 40 and 41 ahove;
average \'nlues on same basis us No, 30b.

Rochester conduit No. 2, but on northern
division while Nos. 40, 41, and 42 are on
southern division; average values .on same
basis as No. 30h,

Rochester condwit No. 2, Rush Reservoir
to Cohbs Hill Reservoir.,

Portland, Oreg. Main

Same pipe as No, 45, 20 years later
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Tanue 1.—Elements of experiments for the determination of friction losses in sheel melal and plale-metal pipe, with relardalion coeflictents in
various formulas—Continued
FULL-RIVETED PIPE—Continued

8¢

Coeflicients of retsrdation

d . = Ve Scobey
Experimenter, | Obser- . Quan- | Mean
year, and age 1 vation Name and description of pipe - tity jveloclty! Cirm f=
of pipe rating per per wil- N Wels-
sécond | second {lams- Kutter| yaoh
inzen

Rty | e Viscos
cloe ¥ con-
neglected stdered

uarc.-,;,—jr K s=matil
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16 CH, 1806, new.

East Jersoy Water Co., New Jersei;. Kearney
extonsion; a few curves, taper joints, interior
coating *unusually smooth*; Q by Venturi
meter, loss of head by Bourdon-typeo gauges.
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Same system as No. 46, conduit No. 2. Telow
Pompton Noteh, ) i

Another reach of same conduit #s above; taper
joints; ¢ by Venturi meter; loss of head by
Bourdon-type gauges.
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Crystal Springs conduit, Los Angeles water
supply. No. 40 covers whole reach included
in parts 404, 40b, 40c, and- 48d; values
erratic,
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50 1IN, LeC, 1011,
i

51§ IN; LeC, 1911
i 4

52 1IN, Lo, 1011,
8§ I, 1802, new

538, 1803, 1 year -,

53!\; 1804, 2 years

53¢ 1806, :
53d° 1808, 4 years .

S4-CI L
54a 1504, 4 vears,..

§4c: 1896, 4 vears. ..

Va5 CT, 1892, new.,
!

1553 1502, new.....

V56 1 1804 v iem

+ 56a - 1596, 4 years.,

%

i
t56h CH, 1803, 1
| . year,
1.586c! 1894, 2 years, ..
V57 11604, 2 years. .
1&7a- M, 1007,15.4
yedars,

Y58 1 CH, 1502, new.

+ 58 1800, 4 years...

44.0
4.0

i Syring Valley Water Co., Sart-Andreas line,
i o Myears. - . N
| Spring Valley Water Co., Crystal Spring line.
{27 years,
Lde L I SO
st Jersey Water Co., conduit No. 1. From
station 300 10 575+87.

47,28 I Same ppe us No. 53 but 1 year later. This

H rench below Pompton Noteh.

47.28 1 Same reach #s No, 53, 1 yeat later, . ... ...

47.28 ‘ Same reach 85 No. 53, 4 years old

. Practically same reach
309 to 575+10);

1
47.34 . From stations 30910 923-+55.,... ... ... ...

Samereachas No. 54, 4y earsiater ... ...

{"Sameline ng No, 53 but stations 283 to 925455, .

Same line as No. 53 but stations from 283 to 1110,

Same line a5 No. 53 hut from stations 710440
{0 1052400,

Includes No. 55 nbove.... ...

Practically same as No, 54¢... PP

Same conduit as No. 53 from stations 575-+1010
0234-55; included in No. 56 abiove,

Same condnit as No. 53 from stations 710440
to 923455,

Sameas No. 53 one-hall yearlater. ... ... ...
Samelineas No. 53 extended to 1117400, ... ..

Pompton Notch, stations 207-H80 Lo 781410,
covers partsof Nos. 53 to 57 inclusive. (Note
stations.) .

Samie conduit as No, 53, stations 11450 to
2574-80, above Pompton Notch,

Same reach as No, 58 4 years later; unusunl
depreciation,

! ’Not shown on Figure 3 because of congestion.

Same system as No. 53 conduit No. 1, below 1.
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T asLE 1. — Elemenis of experiments for the delermination of friction losses in sheet melal and plate-melal pipe, with retardation coefficients 1
vartous formulas—Continued

FULL-RIVETED PIPE—Continued

Coeflicients of retardation

V= I Scobey

Experimenter, 5 Mean
vear, and age Name and. description of pipe velocity
of pipe

Cu= .
per Wik | oa= | = | Ke=Vis
second | 0% Jiams- } Kutter ‘g”ﬁ‘

» Hazen Be

colsigy d "'{,.‘22‘,’35'
neglecte: L §idem(2 1
H= BT K= mile

1" 15

.,

X
e
3-8

Inches :
1L, 1896, 4 Same reach as No. 58 onie-half year later......
years.

g8

2

PP
BLER

g
1
o6
-

™, 1007....}1 & Same as No. 58, 11 yearsstill later....... .-
C31, 1806, new, A Same systemas No. 53, conduit No. 2, parallel

toconduit No. 1 above. Plates Lape;dlolnted,
edges beveled; rivet beads well formed; pipe
new; compare with No. 5% below, when 11
years old.

1 50 i ke 3 10 by
2osgRassl
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et ot bt et
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TM, 1007, 11 A Same as No. 50 above, 11 years later; now
years. B blistered, '.uberculﬂted and pitted.
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o
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IBL, 1909

13, LeC, 19110

HFM, 1888,
3.4 years.

Siphon, Los Angeles, Calif., 5 yearsold
Spring Valley Water Co., San Francisco, Calif-
Monroe penstock No. 1, Essox Co., Lawrence,
Mnass. Tar-conted 'pint&imn pipe, covered
with tubercles, filed in with mud and slime;
by weir, /1 by plezometer tubes to gauge
glass.
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Siphon, Gage Canal, Calif, New e

Jersey City Water Co., Now Jersey. Plate- b ek
steel pipe, taper joints; plstes from $ys to
36 inch thick; pipe dipped horizontally in
gilsonite; line includes 10gates each 48 Inches
in diameter with reducing and expanding
sections.
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year.

1945 1 4t 1
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25568
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Same pipe as No. 64, 14 months later. Mills
estimates the loss of head when pipe was new
to be about normal but that loss in this 14
mouths was 9 per cent sbove normal. (See
61b; compare with oga.)

JWS, 1904, 2
years,
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Same pipe ns No, 84, 1 year later. Mills esti-
mates loss since above tests to be 12 per cent
above normal.

JWS, 1905,
2.95 years.
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Same pipe as No. 64
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dis*=39Rue

gz & §
00 it 00 o O 83 O 1 O OO 00

Fa%
[EE ]

z
o
g

-

JWS, 1908; 7,2

&
rx2
SRTREZLIBBY

P00 s
N LN~y

=3

b

-
dn

s88=

R
SERREREEBE

o

RO W

=
oo
-~

JWS, 1909, 9
years.
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1 Not shown on Figure 3 because of congestion,




TasLe 1.~Elements of experiments for the delermination of friction losses in sheet metal and plate-metal pipe, with retardation coefficients in
vartous formulas—Continued

FULL-RIVETED PIPE—Continued

:
1

i

Coetlicients of retardation

V= 1= pem- Scobey

' Experimenter, | Obser- M““"“i?g(gl per-

. year, and age , vation Name and description of pipe velocity! ature -
second | Yot water bach

m{=\’iseos-
ty con-
negleeted | sigored
H= K'j)‘l" K,=mytl

of pipe rating
! cosity

15

Inches

72.0 | Penstock, Nalsey power house, Pacific Gas &
Eiectric ‘Co., California. Of riveted steel
plates, 3% inch thick, butt jointed, triple
riveted, double conted with graphite paint,
brushed on; this series taken when pipe was
new; ¢ by Venturi, 7 by differential gauge.

RAM,
new.

Tenstock, Halsey power house, another por-
tion of same pipe as No. 65 above. Of plates
14 to 3 inch thick, lap riveted with double
Tow of rivets; tested same time as No, 65;
same tyDe apparatus.
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Penstock, Drum power house, Pacific Gas &
Xlectri¢ Co., California. Butt joints.
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Same panstock as No. 67, lap Joints, double

_ riveted.

Pioneer power plant, QOdgen, Utah.” Riveted
steel penstock, butt Joints with inside stm};s
longitudinally only; value of some runs dis-
counted because of leaking mercury ma-
nometers; pipe straight in plan; 12 vertical
bends on 30-foot radius; plates from 3¢ {o
1Me inch In thickness by ¥e inch inere-
ments; dips‘:ed in asphalt after shop riveting;
loss of head by wmercury manomeiers; Q by
Venturi meter, Compare with 64.

661 RAM, 1013,

[ mew.
69 | M-W-I1, 1807,
new,
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Same pipe as No. 69, 2-years later, tests pre-
sumably of more weight than for No, 69
above.  Compare with ¢4a,

M-W-11, 1599,
2 years,
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: TTFM, 1003, 22 Munrose penstock No, 2, Essex o, Lawrence,
¢ years, Mass, ~ Of steel plates 3¢ ineh- thick, lap
riveted In eylinder joints, asphalt coated; Q
by welr, H by flush piezometer tubes at-
tached to glass gauge tubes.
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HLD,1023,10 ! B . Flow line, Big Creek No, 1, Caseada, Calif,;
years, Southern California Edison Co,
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ek et
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C RAM, . 1017, . 3 Penstock, Wise: power house, Pacific Gas &
~ new. Eleetric-Co, Lap joint, doublerivets, (Sce
; 73, 74, 75 below.)
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TanLe 1.—Elements of experiments for the defermination of friction losses in sheet metal and plate-melal pipe, with relardation coefficients in
various formulas—Continued

FULL-RIVETED PIPE—Continued

i Coeflicients of retardation

| Cod
- ) ; d=rn.]
Pipe Experimenter, ; Obser

N . year, and age ; vation
A of pipe rating

Q= V= Tem- i -
sde Quan- | Mcean per~ . Scobey
dbiz:x;x- ; Name and description of pipe tty | velocity utufm c ?\"ﬂi‘l‘ = Ko=Vis-
m- | o per per o = - = raise Gitv
eter i ‘ second | second water | Chezy | liams- | Kutter ‘g{fgﬁ ng&"’e’g@d iti}; con-
al sidere
| H= I“,T)TT K, =m0t

m=Viscos-

Nazen

! 11 1 15

RAM, 1017, §4.0 ] Same pensiock, as No, 72; lap joints; single
new, rivets. (See 72, 74, 75.)

RADM,. 1917, ? . Samo penstack as No., 72, 'butt strap riveted.
new, {See 72, 78, 75.)

zesRiss

oy
k=23

RAM, 1017, Combined reaches 72, 73, 7. (See 76 below
naw. for later tests on this penstock.)

1 b e 1 1
BER=

FOS, 1919, 2
» YVOars,

Wisa penstock. Tast etvd of reach includés No.
72 and upper end of No. 73 above, all lap
riveted except 786 feel of buit strap pipe;
capacity depreciating.

288

BRY
gegps
Y e da ) D) e 0D O
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3=
i et e

W

CI, 1887, 5
YCArs.

1Tolyoke, Mass,, tronk line. Wrought-iron
plates, cylinder jointed; & years old; rusty .
inside, no tubercles, reach very short, for such
a large pipe;-original coat all or nearly all
gone,
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DWP, 1025,
0.8 years.

Oak Grove No. 3 penstock+ Portand_Electric
Power Co,, Portland, Oreg. Cylinder-
jointed riveted-steel pipe, shop painted with
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red Jead, field coated with graphite; quantity
by multiple Pitot tube (Proebstel) method,
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RW, 1922, Pit No. 1, penstock, California. Triple-riveted 3
new, : butt joint. 032.0
FC8, 1919, .7 Deadman siphon, Los. Angeles A ueduct. {........
years, A Cylinder joints; plates 3{ to 14 inc thick, I.......
coated with asphalt paint, brushed-on. .
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FCS, 1017, 3 Flow line, Ohio 8tate Power Co,, Fremont,
years, Ohio,

.

GIRTH-RIVETED PIPE

JRF, 1892, o]d-f Old wrought-iron pipe, Nashua, N. 1, - Reach ceemange
i 5L.5 feet between piezomelers; interior de-
scribed as ‘*hardly square inch without
bunches M¢ inch high, of rough pebbly no-
dules of rust; numerous bunches s inch
Wi}lh about 34 inch between summit and
valley,”
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JRF,1802, new.| -

=
-

Experimental pipe, Nashua, N. ., New,
!

straight, wrought-iron pipe, lap welded with
serew Joints; considered representative of
ordinary new lap-welded 15892 pipes; tests at
veloeities below 1 font per second excluded.
Mr. Freeman describes inside as examined
by a mirror on a long rod: ‘* Almost every
foot of interior contains ridges and bunches
Yoo to oo inch high with rounded gently
slo%mg edges and all of surface is a little
scabby.”

NN
‘cn:»':»:

BEER

e

o

ERSCS R RE R RN ERESSBNRY

e mmm eSS

-

OO0 COCOoD

a Lty s

SELId THHLS CHELIATHE NI HALYVM 10 MOTS THL

bl R
P e
2233282

e
o
—

HEEEE R R Y ONR R AN R R N e

RN AR R LS

e



http:2'2!l.37

TABLE 1.~—Elemenis of experimenls for the delermination of friction losses in sheet metal and plate-nietal pipe, with retardation coeflicients tn
vartous formulas—Continued

GIRTHE-RIVETED PIPE OR SCREW-JOINT WELDED PIPE—Continued

Coeflicients of retardation

. V= Temt- Scobey
Experimenter, . Q Mean
year, and age ] Name and description of pipe : y |velocity = . ]
of pipe per | “per c= |V n= Ki=Vis- | 2 viseos-
A second water bach cosity ity con-
neglectcd' sidered

I;(ﬁKrl—)—l:T K,=mpu®t

15

JRF, 1892, new. 5 Experimental pipe, Nashua, N. H. New,
straight, wroug t-lro'i plpe, lap welded with
screw ]om ts, No. 204 -above for de-
scription.)
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| : COR0ST

Sy

B,
S2283RREERE

""Sg . 'l
RegzsEy

L St
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GHB, 1019, C Tocance Hne, Chile, South America, Welded

new, rolled steel *line pipe,” serew couplings;
quantity measured by Venturi and wair |
loss of iead by pressire gauges.

L 1S 43
S

[y

ST

WLDuM,1015.

WIR, 1910 ..

FCS, 117,71
years,

&5
BEALE;

Morenci, Ariz,, 6 years old -

QGlenwood Springs, Colo., 22 years olda...ieen

Rattlesnake siphon, Spring Brook  Whater
Supply Co., Wilkes- Barre,. Pa. An. in-
verted siphon pipe across a deep ravine,
between seeiions of open channel; excessive
loss of head caused by slimy algwe growth
{from 1§ to )y inch thick,
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Same pipe as No. 216; tests condueted with
company apparatus, results agree within
reason.

JHL, 1917, 4
Years,
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g

g

2E28R
b

£
=

ISERIRBIREER

[t 4

SHAJId THALS ARLAATY NI SALVM d0 MOTI THL

N D TSI OO En e T =02 1S OO 1Y

Ja
EBRE
b
=4

1012, 4 years.... Montreal Water & Power Co. (Seo descrip-
tion this pipe on p. 114.)

Conduit No. 3, Rochester, N,Y, ‘New pipe....

Same pipe as No. 220, year Inter.

Same pipe as No. 220, 1 vear still Jater.

Same pipe as No. 220, 6 Years still later

Rochester No. 3. From Rush Reservoir to
Mount Hope Reservoir.

BEBESS

1019, 1 year.__.
1020, 2 years...._
1926, 8 years._.
1920.
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TapLe 1.—Elements of experiments for ihe determination. of friction losses in sheet metal and plate-metal pipe, with relardation cocfficionts in
various formulas—Continued

GIRTH-RIVETED PIPE OR SCREW-JOINT WELDED PIPE—Continued

Coefliclents of retardation

N Q= Ve Tem- Scoboy
Fxperimenter, | Obser- Quan- | Mean por-
yoar, and age { vation Name and deseription of pipe tity {velocity| ature ; f= K= Vis-
of pipe rating per per 000 of A a= Wols- c'osity m=Viscos~
second | second water Kutter| pach | neglectod ity con-
7191 sidered
H=EK.piy| Ke=metd

15

“Lb‘-hj
o
mea

IBP, 1926, 17 Springfield, Mass
Same line, 11 days later

Bull Run conduit No. 2,

Bull Run conduit No, 3oeoveimoaiccmmumiaczsnn

‘Another reach of same pipe as No. 220...

2.1 per cent butt-strap pipe._c...-

Above 3 reachos combined...

Mokelumne Aqueduct, East Bay municipal
utility district, Cslifornia.

Penstock, Pit No. 1 California. Lap-welded,
bump-joint pipe.

Same penstock as No, 228, lap-welded, bump- | '
joint pipe; new. 0820

SERBBERT!
PEY YRS

RW, 1922, new.
RW, 1922

O COOoOOOO

g 8

WHEE e - E s - e
Dol
=4

ANERERERPRIERE

o
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CONTINUOUS-INTERIOR PIPE?

Experimental pipe, Versailles, Pa. Straight
1ap-weldoed wrought steel pipe, fitted ‘with
Matheson joints between sections averag-
ing 17 feet long; coated inside with coal tar;
inside diameter determined by ‘weighing
water content, low velocities determined by
volumetric tests, higher velocities by check-
ed Venturi meter; loss of head by mercury

FWF, 1IW,
1917, 1 year.
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U iube manometers except for velocities . . 2 33.65 ¢ 3 2417 150.8 . L0000
uboves.ﬁsrur\\'hichaspringgnugewnsusod.: K 3 ! ¢ 1248, 1814 0 0078

i

CFPWE, JIW, .72 Experimental pipe, Versailles, Pa. (Sea No.
1917, 1 yesr. . 302 for general notes,)

;
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»SRNESSS28E8S

SO
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EWS,1007. .. 3 Cornell Uhiversity, Ithaca, N. Y., test on 6
lengths of rusty wrought-iron pipe uséd for
some years in a steam-heating plant; flange
connected; loss of head by differential water
guage; quantity by volumetrie ineasnre-
ment; 2 opposite piezometer. holes at each |
end of reach.

BTy

308 P FCR, 1019, 8 A L Laternl No. 21 from Chatsworth high line, Los

Angeles.  Bell-and-spigot joint pipe, coated
with coal-tar dip.

years,

T R S

810 ; FWF, IIW,

Ex{)erimentn! pipe, Versaillos, Pa. Perfectly
1817, 1 yoar.

straight, wrought steel pipe, with patent
joints about 20 feot apart; conted with coal
tar; quantity by Venturi meter; loss of head
by mercury U tubes, after tests pipe taken
down and slight deposit mud found.
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288323888

ge

3111 1D, 1926 A L1400 | Main supply live, Bend, Oreg. New pipe._.. 8. 009 13.62

! These tests were made after bulletin had beén submitted for publication, Description will be found in Appendix 2, p. 126,
* For compound pipes of this class see Nos. 156-162,




T asLE 1.—DElements of experiments for the delermination of friction losses in sheel metal and plate-metal pipe, with relardation coeflictents in
various formulas

CONTINUOUSINTERIOR PIPE—Continued

Coeflicients of retardation

Q= V= Scobey
Experimenter, Quan-{ Mean
year,r and age - . Name and description of pipe tity |velocity] : " f= Ko Vis
of pi per per = = Vis- -
pipe second | second Kutter Ya%ig' cosity nlityvclgg?s‘ :

neglected, | sidered
H=K‘DT1" K,:myn.l

s 14 1]

ELM, 1926.... Colorado Springs, Colo.; municipal plant g;an-
stock, coupling joint pipe, nominal 20-inch
outside diameter of plate from s to 9{s
inch thick; ‘weighted average diameter 10.2
inches; quantity by Venturi meter low flows
given D rating as gauge No. 2 not differential
but was under nearly 500 pounds head, close
reading impossible,

SO

<
(=3

St B ek b ot ek ek itk
CRIMWN-

ISP, ¥CS,
1057,

CSRP, 1904

HFM, 1888,
2.3 years.

Marin municipal water district California.
Full welded line, very crooked; 1 year old,
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o
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&3

38

Coolgardie pipe line, Australia. Lock-bar
pipe, butt joints, leaded sleeve.

Pacific Mills penstock No. 2, Lawrence, Mass,
‘Butt jointed, all rivet heads countersunk,
“making a smooth interior surface,”
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HFEM, 1899,
13 years.

Same pipe as No, 316, 11 years later...

ey
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Pacifie Mills penstock No. 3 parallel to No. }..._._..
316. Bame condition,

HFM, 1888,
2.3 years
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HFM, 1809,
13 years,

Same pipe &s No. 318, 11 vears later
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TanLe 2. Elements of erperiments jor the determinution of local friclion losses in compound pipes, with cocflicients of retardation in various
formulas that will satisfy measured tolal loss of head
N

oy

Coetlicients of retardation and local losses

| Quantity, i

d= | Total |@Incubiol pro e Williams-Ilazen Scobey

N 1 description of o \;nrii(;us rlcngths seg%‘xg(ﬁ;d locity, inf o -
ame and description of pipe nside : for corre-13 corTe- ut )

! v - diam- 'sponding totatloss of oy qing : ter's Local | e \rispos-l L0cal

; k head; Ay, 1'Gize i ap- | Cu= |lossof A - loss of
oters ’diumot\\rs in feel, for | 56 DIPe proxi- Wil- {head for] ity neg- head for

Exper-
imen-
ter's
number)

Experimenter, | Obser-
year, and ageof | vation

pips rating m=Vis-
cosity

reach tested mate) | liams- | Cyns lCClL‘i'L' &, 08 cocxrlﬂld’
Unzen leolumny ;=K, v C'Ollllamﬂ Ko=ami
11 *

12 15

X Feet per
. t Inches e second
¢ INT, 1876, ' ... 1 Rochester, N. Y., conduit No, 1, The | 24.0 Q=13.384
new. 24-inch is cast iron for which Cw was , 5 =143.8
assumed 130, (See next set.) 3 B = 10
INT, - 1876, . Same, with Cy assumed at 135, values 0=13.354
new. . Ky takon io conform to assumed Cl. 410, hy=1 138

et
BERERRE

RW, 1021, new . Penstock, Spring Gap power house, 3 5
Pacific Gas & Electric Co., Califor- . 320, Q=180
nia. - During ?lunt—emclency tests § .2 ; hy=115
over all Josses through new penstock !

tnken; quantity measured over
weir; loss of head by pressure gauges,
read to nearest 5 pounds. For this
reason tests at lower flows given but
n ¢ rating, Creat length of line
nmigkes tests at higher flows of ma-
terial value.
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i
FOS, 1023, 4 River siphon, Bitter Root Valley trri-
years, H gation . distriet,. Montana. Condi-
tions right for very aceurate test.

g

Q=2085
hy=37.9

o&':muc

~1@os
bt vl

.

HLD, ! Penstork, Kern River No, 3 power

new, ] plant, Southern California KEdison
: Co., California; s compound. pipe
consisting of 3 lengths of riveted pipe
made of plate from 3§ to 74ie Inch
thiek and 2 lengths of 'welded pipe of
plate from 744 to 1}4e inch thick.
The riveted pipes, of 84, 78, and 72
inches in dinmeter liave longitndinal . 316,90
seams double and triple riveted, ]| 78 37, 0=101.6
lapping joints, “The girth seams are A 5.0 i ):l 56
butt jointed with outside butt stray.. ; =L
Fhe welded pipe consists of 853 feet
of 6g-inch and K70feot of 60-inch pipe,
the Intter including n Venturi meter .
near. tho lower end, The. girth } =
joints of the welded pipe are double- 3 :
riveted bunip joints,
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hr=4.34

SRAL
COCOoO
SR8
SEAId TIELS CEALEAIY NI YHLVAM 40 MOTL THI

=

1 Qoefliciont assumed in order to compute cosfMcient of other type pipe in compound line,
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TaBLE 2,—Elements of experiments for the delermination of local friction losses in compound pipes, with coefficients of relardalion in vartous
Jormulas that will salisfy measured tolal loss of head—Continued

44

Coeflicients of retardation and local losses

Quantity, !
| = | Totm |@lncubie) yoye. ¥
Experimenter, | Obser- {mer Various| lengths S(}{':c(;'lg nl;xd locity, in
year, and age of] vation | ' - Name and description of pips inside { for corre- | Yooy} ¢} corre-
pipe rating Ler; diam- |sponding (})m ‘9550 sponding Local | g _vriseos| Lol 1 oo vis.
pumben eters |dlameters i el ‘i 1 size pipe Cux= | loss of |70 ™) 1058 of | Tongiry

cet, for Wil-  {head forj “jo.oq  |headfory oo,

reach tested; liams- | C.as Y K, as P
HUazen col;xlmn H=K,pi1 colixamn Ki=mhi

Williams-I11azen Seobey

Exper-

12 R

Feet per
gecond Feet
£0, 015+ 3. 0. 205
1,015 . . 315
1,015~ t: . 406
012~ 4 L 607
.012— 2,775

) 5.488
. 1, 0154
3 1,015~
1015~
3 ,012—
, 20

Test C ‘was made with urit No, 2 run-
ning 600 revolutions per minute; test
D with the same unit running 500
revolutions per minute, For runs
C-3 and C-5 the total joss of head
wis not measured.?

B
=2E88

BRRgE

L012—
L 015+
1015
1 015—
~012—
L012—

B
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i

\.-,
BERHE
LOOCOO

iefote
88588

BERAE
SO0Oo0
=

1] L015—
1' 1015—
1015
. 012
.02~

e

BBRAE
(=g —T=]
EEEEE

88 e
. L 015—| -1 10a.

L Q=d000 63 | 1015~ :
il - 012~ 471 5340
2! 1214 sgor
10, 507

T
¥

Ssuum

e
[t

84
78,
7
[\

S5
coooco

8

imemleandin g A

RFEE
COOoOQO
Aot

a3 G S5
8R¥xE

| @=3100 .
hy=18,05

=T

=3

D =1 =I o0
[d

¥

H :

; ! |
3

t

t Coellicient nssnmed in order to compute coeflicient of other type pipe in compound line. i

4 Note that therenre 2 types of pipe. For this reason it is necessary to assume the coeflicient of retardation in 1 type and compute for the other type, As the influence of the
welded pipe fur overshadows' that of the riveted pipe, due to greater lengths and velacities, the retardation factors have bean assuned for the riveted pipe and the factor for the
welded pipe computed so that the computed total loss of head would approximate the ghserved loss. Since an extended series of tests were run, extending into high velocities, this
series Is considered by the writer as giving better results on welded I)ipe with bump joints than the tests on Pit No, 1 penstock, involving shorter reaches of larger pipe, (Seepi
Nos. 228and 230.) 1If the total friction loss, in-feet-of head is plotted on logarithmic paper against flow in second-feet then the resulting straight-line curve closely approsimates the
line as computed by the Kutter formula, using o value of 7=0,016 for riveted pipe and 0.0112 for welded pipe. From the total loss of head for each run was deducted the velocity
head in the 60-inch pipe, the entry loss and the loss through the Venturi meter. .
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TApLE 2.~ Eleinents of experiments for the delermination of local fric

Lion losses in compound pipes, with coefficients of retardalion in various

Jormulas that will satisfy measured tolal loss of head—Continucd

Obser- TR
valion | ter's

NS yumber

Experimenter,
vear, amlage of
pipe

inside
diam-
eters

P‘i\}:e Name and deseription of pipe

i

:
! P .
¢ L de= $ Q,in cubic; V=Ve~%
Various; lengihs

fd inmeters:

¥ !
' Coeflicients of retardation and local losses

Quantity, i .
Total Willams-Hazen Scobey

{feet POr  yacity n.
P  second and oIty in o
for corre- ygiattass of  SOTE L fer's
isponding: head; Ay, ~sr‘m~nd'm§- U.(xx"ls).n
in feet, for | 5120 PID®

reach tested:

Local
loss of

Local
loss of
head for:
Cuw s
column:
1

m=Vis-
cosity
consid-
ered
K=t

K,=Viscos-

ity neg-
lected hea':lnf:r

2 V22 oolumn
H=K,p7 O

proxi-
mats)

1" 13

1s6a HLD, 1021, A

new.

Penstock, Kern River No. 3 power
plant, Southern California Edison Co,,
California. . A compound pipe paral-
leling No. 156 above, This series of
rans made for unit No. 1 running at
600 revolations per minute. All
other notes on No. 156 abote apply
equally to this pipe. Note that the
same assumed values of retardation
units on the riveted pipe result in
about the snme computed retardation
units for the welded pipe.

=1 ~10n
SpEs

g

Feel per
second

SR
cocoo

9%
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FCS, 1017, 2 . 8{, Mary’s crossing siphon, Montana.

years, Riveted; composed 1,432 feet of 90-
inch, then 837 feéet of dd-inch, then
453 feet of 90-inch. In ecomputations
80-inch sections combined.

160 HLD, 1021,!
new, ¥

|

60 ... emmmat Leem

Little Brush. Creek siphon, XKern
River No. 3 conduit, Southern Cali-
fornin Edison Co.  Comiposed of 7
reaches  with § tapers Detween.
Reaches of same size combined for
computations.  No correction for
“special™ loss at tapers. Sharp
curve at bottom of sug in siphon pipe.

i 14.0 2

] 108.0 84,0
l 102.0 324.0
i 96,0 340.0

i i

' Coeflicient assumed in order to compute coefficient for other type pipe iu-compound line.
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Tapug 2.—Elemenls of experiments for the deterniination of local friction losses in compound pipes, with coefficients of relardalion in vartous
formulas that will salisfy measured fotal loss of head—Continued

Coeflicients of retardation and local lossés

Quantity, i
d= rotal Q,( }tnt c;bic V=Ve- Williams-Hazen Scobey
. e T

: ¢ Exper- L 0T =V
Eaperimenter, § Obser- 1 3 " Various. lengths locity, in
year, and age Of vatiion hneh- | Name and description of pipe ‘dqside for corre- fﬁig{llo:sng corre- . Local
bipe raling bymber! fe";,m;' 3};0;,(3:255 head; Ay, sm“pégﬁ { Cw= 1| lossof I‘f,“;",“' Joss of m=¥is-
: , in feet, for - | Wik Ihead for| JEY N8 lhead for| SOSIEY
! reach tested Yams- | Cuas lectt.dﬂ . as

< 'consild~
i R erec
Hazen col;xlmn H=K.J7 col;xamn K, =mAt

111 15

i1Little Brush Creek siphon. Xern
A" River No. 3 conduit, Southern Cali-
fornia Edison Co.—Continued.

FEALTIAOIEOV JO "IdAd 8 'O ‘05T NILETIAF TVDINHDLL
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Little Brush Creek siphon, Kern
River No. 3-conduit, Southern Cali-
fornia Edison Co.—Continued.
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TapLe 2.-—Elemenis of experiments for the determination of local friction losses in compound pipes, with coefficients of retardation in various
formulas that will salisfy measured total loss of head—Caontinued

i :
5! | Coeflicients of retardation and local losses

Quantity,
: d= | motm | incubict pove Williams-azen Seobey

: : Exper- - A feet per
: Experimenter, { Obser-: : varlous lengths 1 locity, in
Pipe voar, andageof | vation imen- 1 Nameand description of pipe inside | for carre-{ SC¢ONS ond | Ve | Kut- ]
No. i i fer's - linm- | spondi total loss of di Local | 5~ . Local | m=Vis-
. pipe tBUDE {00 ber dinm sponding! "o, sponding _ | Lecal | g, = viscos+ foscor | "cesity
eters “diametersi j feof, for | SIZe PIPO Wil- -[head for head for] consid-
reach tested liams- | Ce 8§ o} Kioas | ered
Hazen |column| f; " |eolumnj K,=md1
11 13
¢

Feet per
second

804
8,06
10.05
11.34

300 wesiimia e e Little. Brush Creek siphon. Kern 3 g g'ﬂ

» River No, 3 conduif, Sonthern Cali- : y 10.26
fornia Edison Co.—Continued. - Y * 11,58

B L . 3 8.46

3 . = 0.43
10.57
11.94
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162 © AK, 1925, new. ¥ lemewssoof Continuous - interior é‘ai?& Gordon , ~ 24, 3 Q=542

Valley pipe, Vallojo, ('alif, Elecirie- 2.0 . Ar=58.4
welded; Jongitudinal seams ‘butt- :
welded; girth seams hand lapwelded; { i
cylinder joints; line sinuous; single- {
angle joints not to exceed 10°% line of 24,0 } Q=6.19 ;{
79,755 feet 24-inch and 35,260 feat. 22- L2 hi=67.%
inch pipe; quantity measured by
Venturi meter; loss of head by Bour-
don: Lype pressure gauge, reading to
nearest pound only,

82

B2
(=1~}
88

a8

} h?: l‘;(i}'.:!:

B2
oo

cSeo

} Q=8 35 °
he=116.-&

Ry
23

L FCS§,1920, now.| Girth riveted pipe.” East Bay musnic-
ipal utility district, California, Pipe
practically straight, across, level floor
of San Joaquin Valley, Pipe welded
on' straight seams but riveted on
flold seams. Note that deuble Dpipes
are used on 3 river crossings. Last
reach of 85-inch pipe welded all saams.
See No. 227.

0
7

)
agen

5

6

3l Qmss.07
"5 k=101, 66
7

8

3

%]
88

EEFRE T

coooooCooon
£9 #1903 00 23 X ik o i pu
BR22ERERRES

2

16,427,
780.0

aals
22

H 133, 815.0

i

3 These tests were made after bulletin had been submitted for publication. Description will be found in Appendix 2, p.127.

SAdId TAELS AELAATE NI HALVM 40 MOTA HHL




TapLe 3.—Elements of experiments for the determination of friction losses in sheet-mefal and plate-metal pipes, wilh retardation coefficients
in various formulas

DREDGE PIPES

Coeflicients of retardation

N = {V=D»Nlean
Experimanter, | Obser- d=1In- Q _ it
vear, and age | vation |side di- Name and description of pipe ti%ua)l(lzr v‘gf:’c‘g Cu=
of pipe rating | ameter se{olud poud Wil- =
liams- { Kutter

Hazen

f=Weis-
bach

o
£
o8

1=

=

o
BBEES

At Taylorsville, Ohio, Pipe composed
of 74 lengths of riveted solt steel and
56 longths of welded hard steel; tests
conducted with clear water only; loss
of head by calibrated pressure gauges;
velocities by color-velocity and salt-
velocity methods; potassium perman-
ganate used for ‘color; pipe units 16
feot long, stovepipe joints; no appar-
ent reason for great difference in
capacity when compared with No.
404 below.

TEH, 1919, new..

pupes
@@
X

55
&)
ERRBPEREERRENERE

=
=
VLI TR WES

©OOPEw
8
[~}
b b ok Yok e Pk S
23
R

2EZLEBER2Y
g
(=1

—
=
o
'S

bk ek et ok Bt
PEESS®
g e e

3

b Gt B b b b b b b b B B
BEE

AT IO DD
BHRUEEBRRREREE

OO~ 00D B L LnD Lo
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IEH, 1919, new

IEH, 1919, new

FBM, 1802._..

FBM, 1902....
FBM, 1902....
FBM, 1802__..,

FBM, 1802....

FBM, 1902__.

FBM, 1902_.__|

FBM, 1802_...

Wb b b s b o s WO B B e e e B QHEEEREER E P B R O Y E R H R A

At Taylorsvilledam, Ohio. Pipe com-
Posed ol § joints of welded bard steel
and 76 joints of riveted soft steel; tests
with clear waler only; methods same
8s Jor No. 402 above; no apparent
reason for great difference in capacity
when compared with No, 402 above;
predomiuance of riveted pipe on No.
404 should yield capacity inferior to
thatof pipe with more welded lengths
like INo. 402 above.

At Englewood Gam, Ohio. Reach
shorter than Nos. 402 and 404; com-
posed of 20 lengths riveted soft steel
and 26 lengths welded hard steel and
60 feet of standard wrought-iron pipe;

tests confirm No. 402 rather than No.

4

Dredge Epsilon on Mississippi River.
Pipe lengths joined by rubber hose;
loss of head by mercury Inanometers;
velocities by Pitot tube.

Dredge Kappa; bali-and-socket joints.
(See No. 408.)

Dredge . Flad; ball-and-socket joints,
(See No. 408.)

Dredge Zeta; joints and apparatus like
No. 408,

Dredge Iota; joints and apparatus like
No. 468.

Dredgo Beta; joints and spparatusiike
No. 408 above,

Dredge Gamma, (See No. 408.) Szime
connections; drop in pressure uni-
form throughout pipe;

Dredge Delte; joints and apparatus like
No. 408.

[
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TasLE 3.—Elements of experiments for the determinalion of friction losses. in sheet-metal and plate-metal pipes, with retardalion cogfficients ot
. in various formulas—Continued . L

SPIRAL RIVETED PIPE

Coeflicients of retardation

Scobey

- P V
Experimenter, | Obser- | d=In- . ng—x-n- Tv el&%‘éﬂn H=10ss of | Tempera- -
vear, and age | vation |side di- Nawme and description of pipe tity por | per seey-' head per | ture of K= .
of pips rating | ameter Dy Pand_ | 1000 feet | water n= | f=Wels- | Viscos-| m=Vis
Kutter bach ity neg-l - cosit

. lected | consid-

,{Jm ered

Aﬁﬁ

Fy=mpdt

a8
o
EL 8

FREVSSRBZERREINBT

S&G, 1004 new., Experimental line at Cornell Univer-
sity, New York. 4 20-foot lengths of
asphalt-coated pipe, flange-jointed;
water running with the laps; loss of
head by differential water columns;
quantity measured - in  calibrated
basin; series made in fall of 1904,
although resulls are very consistent
this serics given but a B rating be-
cause of the short length of line,

i
Py
s

oot Y
-

=

w

—
—
]

P 0 it e 195 Bt et e e i ok ot
ERLERES828R8888

HI NS G on v thh i B

S&G, 1905 1
year.

Samae pipe, 1 year later; water running
with the- laps; same apparatus as
listed above; results show a very
slight depreciation in capacity; line
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% - had been drained inwinter of 1004 05; 1
the flat-head rivers and thin sheli
smoothed off by asphalt coal gives |
goud surface; series rated us B prade
Decause of short reach, |

REBBRRIERERER

506 | Sty 1905, 1 4.054 | ' Same pipe ns No. 502, tested in fall of .
i yvar. ; 3 {0 -1905; onty dilferenee from No. &M

: + - above was that water Dowed sEains
the daps, The small reduetion in
eapacity is worth considering when
Abrasive materiil in the water die-
tates the same reversal of lapping in :
taper Joint plate pipe; given B rating |
because of short reachy temperature :
(8° C.) assumed same as above. }

e
bl

Mt ot o bmd Nk ot ik Bt
BEE

D €D bt b et st i

: 5,962 | Experimental pipe; contains 2 old 20
foot joints; um»nmtus_sumo.ns for No, -
502 above; water flowing with lap,

oR

ittt e Y To Y T

S&G, 1004

Bt e e e

[oy

» s

o en i B

{A%}alq

QOL‘L:‘O»-GOJ-.&~]'J-5OIJH:G

ISR

5&G, 1005 5.962 ; Same pipe in:every way as No. 512
- below, Series with water flowing .

with the laps,

%%agguwuaummag

e e soLtO e e
o0
=5

rEzERZE8D

B RD b p b
[t Gt b

1o 2

S&G, 1905, Experimental pipe, flathead rivets,
new; B 1 asphalt dipped, similar to Nos. 502,

i ; 504, and 506 above; series with water
running with the laps. Note thai
there is no.apparent difference in en-
paecity when compared with' next
series (No. 514); this is imporiant
when conditions mentioned in 508
abiove holds;
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TasLe 3.—Elements of experiments for the determination of friclion losses tn sheet-melal and plate-metal pipes, with relardation coefficients
} in vartous formulas—Continued

SPIRAL RIVETED PIPE—Continued

Coetlicients of retardation

Scobey

= (V=Mean T4

‘Experimenter, d=Tn: Q e H=1.0ss of

vear, and age side di- Name and description of pipe Li%\'mn; ‘)%ll?csx head I)er Creme K=
of pipe ameter sezoxl)fd 1 e 1,000 feet C Wil-

JS=Weis- | Viscos- = Vis-
Hams- bach ity neg- ":.ﬂs;\ti;
Hazen | lected | constd-
H= ered
. VIS K mmatt
‘DIl

1

Samo pipe as No. 512, series with water
running against the laps; experi-
ments made in tha fall of 1005. Note
that the capacity, I anything, is
greater than when water s running
with the laps. Compare with No.
512 above. Temperature of water es-
timated same as in No. 504 above.

5%, 1905,
new,

bt 4t

[rtovfee] oo il o e deg et et
2222838228

DLY, 1917, s Eyperimental line, Arlington, Va.
new. ‘Nominal size, 8 inches; line straight.

26D s S 1D KD

FUT, 1012, 34 2 Outfall sewer, El Paso, Tex. Straight
’ reach, 1,037.8 feot,

......... FURSONON Same pipe as No., 802, Reach ircludes
curve and above straight section,
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TaBLe 4—Summary of series of experiments upon sheet and plate-melal pipe, tncluding tndividusl pipe equalions, average cocffictents, and
pereeniage comparison of obsereed 1o caleulated capacity

[To be considered ns supplementary to Tables 1, 2, and 3)
FULL RIVETED PIPE

1 Averge vilues, excluding D matings

H
N !
Ap-

3 Scobay

proxi- . 4
Sha;ot. or mate ide | Length of Range bf lu‘g(;l‘,‘f“l‘i‘gnls’"m !
: A plate maxi- {3 reac nge of e ]
Esperimenter thickness mum . tested yelocities \i{l;(::lo‘r ‘n!r'ad {Williams- Variation
(rominal) pres- M= AL e i -Hazen of ob-
surg [ served
head : Arom
E . i conmputed
eapacity

Lol
e
=3

H=1,560 V.56
H=.570V1n
504
850
-630

.525
.572

- 689
H=, 501 \in
H=, 413 V1.0

- 583
He=, 349 1192
. 539
463
337
H=,313 V1.0
et
H=,228 W%
L2221
. 195
H=, 263 V1.0
He=,257 V1.0

H=,262 V184
. 368

s
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oy

e
?PPE

4
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e
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0 e 1 ot 3t 3tk ok et
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TspLE 4—Summary of series of experimenls upon sheel and {;Iuie—melal pipe, including individual piz)e equalions, average coefficients, and
percentage comparison of observed to caiculaled capactiy—Continue

8¢

FULL RIVETED PIPE—Contizued

Average values, excluding D ratings

Individual pipe Seobey
aquations i

Sheet or : ; ]
; Inside { Length of ]

plate T TRange of A1 .
thickness diam {g‘é‘:‘i veloeitics \,{‘I]m‘:l& \f?"?n Williams- Variation
{nominal) - =g V18 Hazen of ob-

4 Co served
from
comptted
capneity

Experimenter

i3

Per cent

—
b
-1
g

yd
jzio

w
T COOCOOOOOOT

RATQT cwia el o w e r e e
Kuiehling_oo....00 ..
H.oS8mith. _.. .

SN SO C S~

grongn

ok bk Ak et

- do
LeConte......
ST s [« TR

o b
:l
H
:
e
% 1

une-dO P
I W, Smith... .
Beobey.. . iawwn.

1. W. Smith....
Benbey e -

e A0 L

Hersehel -

HC»‘\—: =
NNRESDHE

[
o

3

L1t
II=078 V114
122
H=.150 V18
139

|

FooSm

4
s D oo

.
B
CODWLO.

TS
o €00 D G T5 = O w5 G0 £0 CITHTS Lt ke O 01

Kuichling
Rochester,

TEAITAOIEDV 40 “LIEA "¢ "0 ‘09T NILFTIAL TVIINHOHL

aEy g b
Y- NS

Y arjous. S. | . 250-.375 3 $40.8 L 1-3.4 See figure
% Various, | .250- 37 3 3-1 See figure

Various. | . 250= N 3 , 6 . 8-4. See figure
1.0 ; 007

200] L188- . 52 780.0 : 103
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L3 i

Hersehel. . 1 New, LR12 LAV e Wt
TS !
I7= 116 V1

7 oo . 3 New. 20— 12 . Variois
U + [ S 3 New LR 812 i 2 PoOAL R
Bayley S piRt o i Nurias.
LeConte o ot AL VO (VTR
Y. del o Lol IR DS SO, 151 2r00.0
e 8 LSRN L LA 42 i . 413 miles.
4 ' Herschel . ST New, L3S o TES T L ENTQ
Sa .. Lode % S 0 COLRTh . 47,980 2,687.0
cdoo s RN
do 36, BNT. 0
3., e 26, K0 Y
ot oo 61,4450
G4 do . g 61, 445.0
Bb de 2N 855 : 472 G4, 0350
Bl i AU i) PO . K3,000.0 |
5 do R v 83,350.0 1
B34 L 74,8060 ¢
5 do 50, 5. ¢
&6a 3,850
56h 0, 415. 0 |

»
s
=

-
=
1y

e
P AT

¥

taada
oot

e St i e
FR [EYoom
L >
TS T Ik st L TR0 %
-t

rd
“Z
%

e o s
SN,

S
=

Py

vy

Zz ke
5

e
setizedtnm g

i

'
=

Lam- | 376
950,875
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TasLe 4-—Summary of series of experiments upon sheet and glate—melal pipe, including individual ~p?e equalions, average coefligents, and
percenlage comparison of 0 served lo calculated capacity—Continue

FULL RIVETED PIPE—Continued

Average values, excluding D miings

Shest ;!ndividtxpl pipe Scobey
eot or equations
lato Lengthof | Rangoof | H=MV+aad
thickmess tested velocitics | values of M’ in: | Williams- Variation
(nominal) i H=M' V18 Hazen of ob=
Ce served
from
computed
capacity

77 1 Merschel.. ..o .. . 5.0 0. 500 ' 103. . T S S R
78 ' Proebstel. ... . ... . : . . L0a2Vie
79 . Wilkins. e iaeenae 2 438 . . 024
80 ; Seobey... . H . {246 ] , 4 . - A .033
S a . 3 0 3. 031

H=2.066 V1%

“ola”
H=l.00 Vi®

New.
New.
New,
New.
Newé
6.

Reynolds. .oveeaens [ 22,0
i‘;“’l}’c‘f‘yjsmno pipe, same fime. ..., 4.0
—— Montreal 4.0
Rochester, N, Y . New.

4 < T, cemmn 1.0

ke

axgqom.sc.uataa»a

PEREINReRR28R

8

ol
B O3

B

IF=,485V19

?
»-»-ﬂ:--—u—»-.d:

=

L1604 i
H=1431
H=.146V .85

. 085

112

7

?
wesgepm b

1S
1
e

FUALTADIEHY J0 IdHd S " ‘08T NILETIAE TVIINHOWL

G

y

50, 607.
50, 667.9

OB T DD ORI NI R RO OO B

et



http:H=.7nFI.1I
http:U;;;:OO'j;i.ii

E:

NN(O&J'JMI&N}MMIG'ONMM

—

5528
4 -~ :l'\l

g

13
CODMO e i e DL D LIS OB

153313

FAE e EIBRE
BERESRES

SEZS
Z8

o
=
o

Nkgamgies

S
CoZTELRERea-ZaR

badtud i

oLt

CONTINUQUS INTERIOR PIPE

306

312
313 ¢
314
316 !

Schoder.

Voslcy —mRavann

! Peters and Scobey.
- Palmer_.........
Mills.......

,_
v

e e B
VOO 6D

Zj

H

—
[

o
&=

Lt LI LTI LI T SO I LI B

2—22 miles,

1000
100, 0
100.0
100,0

——

GT‘.‘:&

lbt-l-'u
79
Sno -

1

]

o
PS s
NN OOWL OO

ot
PITTPPP

gegagacd

E s

H=1,017 1.0

H=".724 V101

H= g8y V1

He= (134100

H= 400 Vit
. 241

= 150 vie

127
= g0 V1m0
= (57 V18
H= 042 17200
. 060

LAvernge,

152

154 1 Scobey. Riveted stoel. ——
: Doolittle. \\’elded! ............

156 ¢
1560
158
180

162
164

Tubbs, Riveted and continuons
interjor,
Wilkins. Riveted steel

R ()

Doolittle.

Kempkey.

Scobey. - Welded, except riveted
girth seams,

0. 188-0.25
+ 25-1. 062

~375- 428"
. 376~ . 438

102, 469. 0

7,415.0
5,462.4

815 (1]

D L LTI T T T

he=0.002322 Q241 |,

he= L D0DDO8 (s
Ay= 000101 Q1.9

£

BEsEERee®
o-®

i

wpom;

.,..
[ R o T
-V I O e 1

[y

. 1l
SERS3BuLI8R

-

g;—‘—‘ e,
.*.

.rwii5é$ir

W ad sde e 00 $et e €G3,

s it bt i b 4

o
&

—

)
e

SEJId TARLS AEILTATY NI HELVAM JO MOTL THEL

N g o




TasLe 4.—Summary of series of experiments upon sheet and plale-metal pipe, including individual ptg)a equalions, average coefficients, and

percenlage comparison of 0
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DESCRIPTION OF PIPES

The deseriptions in the following pages supplement the information
given in Tables 1, 2, 3, and 4. Pipes upon which previous experi-
menters have made observations are described in Appendix 1.

Ttems such as “Capaeity +5.2 per cent” will be found after the
descriptive headings. This means that the capacity of the pipe,
based on the average observed coefficients for observations rated A,
B, or C, is 5.2 per cent more than that required to satis{y the writer’s
formulss & to 11, inciusive (page 10), where the coeflicient K, is
chosen for the type and age of pipe as given in the description. The
temperature of the water was gssumed at 15° C. when it was not
given. If the temperature of water wes given, then the capacity com-
parison is modified in accordance with column 8 of Table 6, which
gives the percentage difference in velocity—hence in capacity—for
tomperatures differing from 15° C.

The pipey are placed in the following order:

Full-riveted, page 64.  In Appendix 1, page 101

Girth riveted, page 73.  In Appendices pages 113 and 126.

Continuous interior, page 74. In Appendix 1, page 117.

Corrugaled, page 75. In Appendix 1, page 125.

Compound, page 76, {Various sizes or varigus types.) Appendices pages

121 and 127,
Dredge pipes, in Appendix 1, page 124.
Spirsl riveted, in Appendix I, page 125.

FULL-RIYETED PIPES

Ne. 1.—Experiment S—i11, 4-inch slip joint iron pipe—Lateral LY 3-2, Okanogan
project, Washington, United States Bureau of Reclamation—Capacity —7.2
per cent

Experiments were made on six pipes on this project, ranging {rom
4 to 12 inches in diameter. These pipes were constructed igentically
and will be doseribed under the same number. They were of the
stovepipe type, made of thin black iron sheets (22 to 18 gauge), shop-
seamed in jengths of 8 feet and 9 feet 7 inches. Individual sheets
were 24 fect long, when roiled. Jeints were formed by slipping the
large end of each pipe unit, previousl heated and dipped 1n asphal-
tum, over the smaller end of the laid section. The asphaltum and
contraction by cooling combined, made tight joints under moderate
Pressures.

All the tests on this project show low carrying capacity for s pipe
which when new and clean should have a reasonably high capacity.
The low capacily was caused largely by sand and siit inside the pipe.
The deposits came {rom contour-skirting main canels which fed the
pipe laterals leading down the slopes and across the flats. All veloci-
fies were determined by direct observation with color. Any filling
of the pipe section would not introduce an erroncous value of V as
would be the case il {) were measured and V determined by the equa-

tionp V= 3 The presence of sand results in values of K, above tha

proper ones, s the ohserved loss of head results from a smaller con-
duit area than that of the original pipe.

The pipe, tested as series 8 111, Is a straight reach across & low sag
in the fopography. The maximum pressure head is less than 4 feet.
CGauge No. 1 wus e water column in a graduated glass attached to a
piezometer tube thrust 9.1 feet down the pipe from the inlet end,
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while gauge No. 2 was a similer connection held 1.1 foot, upstream
from the outlet end. Between these piezometers was a reach of
494.5 feet.  Velocities were determined by color shot into the inlet
end and observed in the box at the outlet end of the pipe.  The aver-
age values of A, =0445 or (1, =122.2 show the Possibilities of this
thin-sheet pipe as s hydraulic conveyor when free of silt or other
obstruction,

No. 3. —Experiment §-110, 8-inch galvunized slip-jeint pipe—Private lateral of
Benjumin Dougal, near Omuk, Wash.—Capuecity +2.3 per cent

This pipe had been in serviee only two weeks. The horizontal
alignment was straight but there was a sag in the profile, making an
inverted siphon over u shallow depression. The joint upits, riveted
longitudinglly with flathead rivels in 10-foot lengths, were slipped
together in u hot asphalt bath.  As the maximum pressure head was
unly about 4 fect this joint was water-tight, at least while new. The
pipe was smooth on the interior except for the ends of 15 serviee
hydrants located on its top at reguler nfervals,

Piezometer No. 1 was placed 3 feot from the intake end and No.
2, similar to No. 1, was held 0.6 foot upstrenm from the outlet, A
eradualed glass was used as gauge No. 1 and & hook gauge in a stilling
box ay gange No. 2, All serviee bydrants were closed during the
tests.  Veloeities were determined by timing a pufl of permanganate
solution, shot from a color gun into Lhe pipe just below the inlet and
observed at the outlet.  The results of the four tests wore quite con-
sistent and indieate & value of &, of 0.3G1 for new pipe of this type.
The vapacity of this pipe was 2.3 per cent more than is suggested for

elwss Ta. The difference in capacity is toe small o indicate a special
raling for galvanizing over the usual asphaltum coat, at least for g
new pipe.

No. 6. Experiment 8- 127, 10-inch lap-riveled pipe—California Domestic Water
Co.. operated by Whittier Waler Co., Whiltier Calif.—Cupacity +12.5 per
cent
About 1895 several miles of steel pipe were laid near Whittier,

This pipe in J0-inch sizo, was made of sheets 30 by 32 inches and

nine sixty-fourthsineh thiek.  Thesheets were lap-riveted with double

rows of flat-buttoned rivets in the longitudinal seams and a single row
in girth seams,

Before being assembled in 20-fool sections in the field they were
double dipped in hot asphalt and alter the 24 years of serviee attrib-
uled (o them by the superintendent (1925), appeared to be in fair
condition,

A straight reach ol this pipe, 1,769 feet long, was selected for experi-
ment.  Piezometor tubes were thrust through ¥e-ineh holes at both
ends of the reach.  Pressure ing {rom these piczometers led to
graduated glass manometers- p acrenry U-tube al gange No. 1 anid
awater column at gauge No. 2, Velocites were determined by tiniing
color solulions injecied inlo the pipe through a 3-inch hole a short
distanee beJow the holes Tor gange No, 1. The color was observed
in u standpipe near ihe upper end of o G-inelr Inferal pipe into which
Lhe 1G-tnch pipe under tost was diseharging.  Proper correetion for
difference in veloeities in the pipes ol different sizes was compuled for
the 15 foet traversed in the Ganeh e,

62210°—30—-5
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No. 7.—Experiment 5-80, 10.63-inch riveted sheet-steel pipe—Shobert ditch
siphon, Eldorado Ditch Co., Placerville, Calif.—Capucity — 8 per cent

Water for irrigation was conveyed across a gulch in & siphon pipe
installed nbout one year prior to the test, but the pipe had scen
previous duty for seven years in mine service. It was of 14-gauge
sheet metal, double lap-riveted in both longitudinal and girth seams.
At the time of test all the inside coating had been worn off and the
interior showed rust blisters. The line was buried about 2 feet with
ihe low part of the siphon under a pressure hoad of about 25 feet.
The insi(}c diameters were measured at the inlet and outlet structures.
Gauge No. 1 was & water column attached to a piezometer tube set;
in the pipe 15 fect from the inlet, Gauge No. 2 was a similar connec-
tion located 1 foot above the outlet. Velocities were determined by
cotor, timed from inlet to outlet.

No. 8. —Experiment $~119, 10.87-inch lap-riveted steel pipe—City Garden siphon,
Eldorade County Waler Users Association, Calif.—Capacity —20.2 per cent

Water for irrigation purposes was conveyed between open ditches,
across the sag of & saddle between two hills, in an inverted-siphon pipe
886.3 [eet long, under a maximum pressure head of about 50 feet.
This pipe had just been relaid at the time of test, about half its longth
being salmgwﬂ from pipe that had been in use some seven years in &
mine, the other hall being new pipe. It was all newly dipped in
asphalt. The steel was of 14-gauge, cylinder-jointed with flat-head
rivets—e single row ab girth joints and a double row longitudinally.
Toss of head was determined by piezometers and water columns ln
groduated gaugo glasses. Gauge No. Lwas attached to amanifold into
which two pressure tubes brought the average pressure from eight
smail holes in two piczometers, set neutral to the current through
%,-inch holes bored through the pipe at positions on its circumference
corresponding to 10 and 2 on a clock dial. Piezometer No. 2 was
similar to No. 1 except thet a single tube with four holes was used
instend of two tubes. Gauge No. 1 was placed 39.4 feet from the
intake end.  (auge No. 2 was 1.6 feet above the outlet and 845.3 feet
from No. 1.

Velovitios were determined by means of color shot into the pipe with
the color gun through s ¥einch hole 5 feet nearer the inlet than tap
No. 1. The color was observed in the outlet just beyond tap No. 2.

It was not foasible to vary the flow through a considerable range of
veloeities.  All runs were taken with V between 2 and 3 feet per
seeond. 'The eapacity is much less than might be expected, probably
berause of n silted condition produced by the upper ditch.

No. 11. —-Experiment S-108, 12-inch slip-joint iron plpe—Lateral U. C. 9, Oka-
nopan project. Wush., Uniled States Bureau of Reclamation—Capacity —19.1
per cent

For geners! description of pipes on this project see pipe Ne. 1,
page 64, The U C. 9 Inioral oxtended through flat, cultivated lands,
about 4 Teet below the surface, and terminated in open boxes which
wave seeess to it The line consisted of three straight sections joined
by two curved bends.  In the intake box there was a Cipollett: weir,
but mensurements could not he made with it as it was completely
submoered.  These observalions may be taken as indicating the maxi-
mumn capaeity of this line at the time of test, Velocities were deter-
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mined by means of color injected under pressure at the inteke end and
observed at the outlet.

Loss of head was determined by use of piezometer tubes connected
to gradusted gauge glasses. Gauge No. 1 was dropped 6 feet down
the intake end, and gauge No. 2 was thrust back into the pipe 1 foot
above the outlet and 1,144 feet from gauge No. 1. Three observations
were taken, at about the same velocity, the resulting value of X, aver-
aging 0.583. The ditch which brings water to this line could very well
contribute silt to clog the pipe partially and cause the low capgeity,

No. 14.—Experiment S-118, 1414-inch lap-riveted steel pipe—Carlisle siphon,
Eldorado County Water Users Association, Californiz.—Capacity --2 per
cent

Water for irrigation purposes was conveyed across a guleh between
open ditches in a steel siphon pipe 843 {eet long and under & meximum
pressure head of about 125 feet. This line was rebuilt in 1617-18
and tested in 1819, New pipe of 16-gauge mietal, to the extent of
260 lineal feet was added to 583 feet picked over and sabvaged from
the 14-year-old line. The pipe was lap-riveted, with cytinder joints,
of 16-gauge sheets. Both longitudinal and girth rivets were in
doubie rows,

Taps for gauge No. 1 were placed 100 feet down from the inlet end.
Two Jis-inch holes were bored in the pipe symmetricaily so that the
two piezometor tubes pointed like the branches of the lester V.
Each tube contained four pressure holes neutral to the currens. A
third hole, of the same size as the piezometer holes, was bored through
the top of the pipe 8 feet nearer the inlet. Color shots were started
through this hole, the nozzle of the color gun being thrust directly

into the water prism. Plezometer No. 2 was thrust * foot upstream
from s small Jeak hole in the top of the siphon 25.1 feet above the
outlet. The gauges at both ends of the reach of 737.7 feet were water
columns showing in graduated glass tubes. Velocities were deter-

dmined by color timed from near gauge No. 1 to the outlet in an open
iteh.

No. 17.~—Experimeni 8-125, 18-inch riveted steel pipe. Lateral No. 20 from
Chatsworth high line, Los Angeles water supply, California.—Capacity
-+ 6.9 per cent

The Chatsworth high-line canel skirts along a contour o the north
side of San Fernando Valley, in southern California. From this
canal steel pipe lines of various sizes convey irrigation water down
the relatively steep slopes to the floor of the valley. Lateral No. 20
is typicel of these pipes. It was rolled of 10-gauge steel, in shop-
riveted units mostly 20 feet long. Both longitudinal and girth seams
are in double rows of flathead rivets. The interior heads are hardly
noticenble when buried in a coat of asphalt dip. This is ciassed as
¢ylinder-joint pé[pe bu for relatively thin gheets, any shoulder ofises
is nicely tapered by the flow of the asphalt. This is reflected in the
hligh capacity. Experiments were made when the pipe was 3 years
old.

This line gave excellent opportunity for reliable tests largely on
account of the long reach—3,694.3 leet. A few gentle curves oc-
curred in the plan view. In profile the line was on continuous down
grade. Piezometers, neutral to the flow, were thrust through ¥-inch




.

68 TECHNICAL BULLETIN 150, U. . DEPT. OF AGRICULTURE

holes bored in the pipe line. Pressure tubing connected the piezom-
oters with mercury manometers of the U-tube form. Velocities
were determined by timing color injected through a hole 1 foot from
piezormeter No. I and observed in a white-lined pan by withdraw-
g water at Eauge No. 2. The whole line under test being on
down grade, there was no obstruction caused by accumulated sand.
The Tesults of the series of tests show great consistency. The writer
assigns great weight to this series in contemplation of all available
data. The gentle curves and continuous down grade are elements
that would tend to produce an excess of capacity.

No. 19.—Experiment S~120, 17.85-inch riveted-steel pipe—Orznge Blossom
siphon, Oakdale irrigation district, California.—Capacity +15.5 per cent

Water for irrigation is conveyed across the Stanislaus River,
between open eanals, in a siphon pipe of riveted steel. The total
length of t?\is pipe is 1,192.8 feet and the maximum pressure head is
about 25 feet. The description of material, riveting, and dipping
given for pipe No. 31 (page 69) applies to this line also. At the time
of the test sufficient water was not available to run the line to capacity,
and gauge No. 1 was placed 98 feot down a steep slope from the intake
end, at & point about 6 feet lower in elevation then the water in the
outlet ditch. This gave assurance that the siphon would be full and
under pressure at piezometer No. 1 for all flows that might be
available.

Piezometers for gauge No. 2 were thrust upstream into the pipe
3.2 feet from the outlet end. Both gauges were of the water-column
type, in graduated glass tubes. Velocitles were determined by in-
jecting potassium permangsanate color solution, into the line at gauge
No. 1 and observing the color where the pipe discharged into the open
canal, Tive observations were made on this line, the maximum velocity
possible being only 1.6 feet per second. For this velocity the total
loss of head was but 0.479 foot for the test reach of 1,091.4 feet, As
this and all similar losses for lesser velocities may well come within
un apprecieble percentage of experimental error, too much faith is
not to be placed in the retardation coefficients. Although the
values are discounted they can be considered as corroborating the
values found for pipes Nos. 20 and 31, in this same system.

Nu. 20.—Experiment $-122, 17.85-inch riveted-steel pipe—Birnbaum pipe line
Qakdale irrigation distriet, California.—Capacity 5.5 per cent

About 1 mile west of Oakdale, Calif., irrigation water is conveyed
[rom one open canal to ancther ab o materially lower level by means
of a compound steel pipe. The first reach was 34 inches in digmeter,
9,600 feet long. At the lower end a T connection led to a straight
continuation of the line by a 20-inch pipe (No. 22) and a line at right
angles, 18 inches in diameter (INo. 20) on which this test was made,
This line is perfectly straight in both plan and profile, The outlet
is a loot or so higher than the intake end. A pressure head of about
20 fect is available at the intake. Inside diameters were determined
from measurcments of pipe sections remaining in the pipe yard,
Clolor was timed from a point near the intake, where it was shot
with a pressure gun, to the outlet of the pipe line in an open ditch.
The reach was 1,532.9 lect long between piezometer holes. A mer-
cury U-tube was used as gauge No. 1, while a water column was
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sufficient at gauge No. 2. Conditions for experimentation on this
line were excellent and the results are particularly satisfactory for
use in debermining the coefficients for suggested formulas.

Ne. 22.—Experiment 8-121, 20-inch riveted-sieel pipe—Birnbaum pipe line,
Oukdasle irrigation district, California—Cupacity —9.5 per cent

This reach was part of the line described as No. 20 and No. 31.
It was perfectly straight and as previously stated was & continuation
of the 34-inch pipe. There was practically no slope of the ground sur-
face and the outlet of the pipe required o slight: risc into a conerete
pool of an open canal. These conditions would contribute to the
accumulation of any sand that came out of the upper canal and
prebably account for the low capacity. It was not feasible to with-
draw tbe water from the line and examine the inside. Eleven
observations of velocities ranging from about 1.6 to & {eet per second
showed very consistent resulis when plotted on logarithmic paper.
The computations were made using the observed velocity and loss of
head and a pipe size which was assumed to be the same as the average
of messured samples in the yard. Tf this line was obstructed with
sand 50 as to make its effcetive size that of & 16-inch pipe, the values
of the coeflicicnts are consistent and near those found on the other
two parts of the Birnbaum pipe line (Nos. 20 and 31).

No. 3L.—Experiment 8-123, 34-inch riveted-steel pipe—Birnbaum pipe line,
Oakdale irrigation district, California—Capacity +8 per cent

This test of this pipe was made on a reach 2,035 feet long, in two
straight sections joined by a curve through about 45°. Piczometers

and gauges at both ends of the reach were identical. Holes ¥:-inch
in diuneter were drilled through the pipe at points corresponding
clusely to 10 and 2 on a clock dial. Flezomeator tubes, each with
four openings, neutral to the current, were tnrust intg the water
prism. Pressure tubes led from these piezometers to mercury gauges
of U-tube form. A line of levels and snother of cheels lovels deter-
nined the elevations of the geuge zeros in the graduated glasses.
Velocities were detcrmined by timing color, injected through one of
the holes at gauge No. 1 and observed in & white-lined pan into which
water wes drawn at gauge No. 2. The beginning of this pipe extends
down a moderate slope from the canal to the flas, After g few hun-
dred feet the slope is quite gentle but enough to carry sand into the
20-inch pipe. Two inside diameters were moeasured in s sample pipe
remaining from construction.

This pipe line was 4 years old at time of test. Tt was made of
12-pauge melal, joined with flathead rivets—a double staggered row
longitudinally and « single row roundabout. When double dipped
in a thick coat of asphalt, flat rivet heads are quite well maslked.
There is little obstruetion at the lapping of adjoining plates, when of
thin metal, The valves of A,=0.330 and of C'=127.2 agree quite
closely with the values found on the 18-inch pipe of similar construc-
tion leading off from the lower end of this pipe. (No. 20.)

Thr topegraphy is such that all sand or sit fowing into the pipe
from the canal above would eecumulute in (he tlat-grade outlet pipe;
thal is, in the 20-inch pipe deseribed as No. 92, The retardation
factors found show this to have been the condition,
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No. 33.—Experiment $-124, 36-inch riveted-steel slip-joint pipe—Lindaay-
Girathmore irrigation district, Califarnia—Cupacity +0.5 per cent

Water for irrigation in the Lindsay-Strathmore irrigation district,
Calilornia is pumped up a steep slope from the low-line canal to a high-
line flume through a 36-inch pipe of 10-gauge steel, seamed with taper
joints and flat-head rivets. The outside 1s wrapped with asphalted
paper. The length of this pi}Je is about 1,200 feet from pump fo
outlet. Tests were made for five runs of water at velocities ranging
from 1.6 to 6.1 [eet per second. Piezometer No. 1, was thrust into
the pipe through a ¥s-inch hole located about 300 feet from the
Ventur meter at the lower ond of the line. At this point the pres-
sure head was 162 feet, yet the small brass piezometer tube made s
tight connection with the pipe shell, being held by taper and friction
nlone. The pressure head was observed in o mercury manometer ol
U-tube type. A second hole near by was used for the injection of
color by inserting the nozzle of the color gun and pumping up the air
reservoir until a pressure of 100 pounds was indieated by test with an
automobile-tire gauge. This pressure In the gun was enough more
than that in the pipe line to shoot the color into the flowing water
prism without dilliculty, Plezometer No. 2 was exactly like No. 1
and was inserted through the shell of the pipe 8 leet above the outlet
in o concrete Aume. ‘The color was observed as it poured out from
the pump line. The view in Plate 2, A shows the condition at this
outlet eight years alter the tests described. Cauge No. 2 was a water
column in graduated glass. The velocity of the water as determined
by shots of Congo ro(lf_), was nsed in computing the results. Readings
of the Venturi meter indicated slightly bigher velocities than’ those
indicated by the color. For most runs this difference was less than 2
per cent, but in one it was 4 per cent.

These tests were made in 1919 when the pipe was 1 year old. The
average values of K,=0.376 and (,=118.7 for the fowr highest
velocities probably reflect, to a reasonable degree, the true condition
of this pipe. The long mercury column-——more than 10 feet—used
for gauge No. 1 required material correction for air temperzctures
where Lhe latter varied from 31° to 35° C. (From 88° to 95° F.)
Tor the lowest velocity in the pipe line the loss of head as determined
from the top of the computed equivalent water column at gauge
No. 1 to the top of the actual water column at gauge No. 2—less
than 0.2 foot—might well come within the zone of inifluence usually
attributable to experimental errors.

No. 34.—Experiment S-112, 36-inch lap-riveted plate sicel pipe—Sooke Lake
water supply, Victorin, British Columbia—Cupacity 4 5.6 per cent

Water is conveyed to the city of Victoria from Humpback reservoir,
by a stecl pipe 56,607 feet long, of lap-riveted plates five-sixteenths-
inch thick for 20,137 feet and threc-eighths-inch plate lor the balunce,
The plate was made by the open-hearth process, The rivets are of
extra-soft steel. ‘The pipe units are of 4-plate lengths, giving sec-
tions about 22 [ect long. Kach unit was dipped In hot asphaltic
compound, '

In 1917, a test was conducted on a reach of the three-eighths-inch
plate pipe 5,330.2 feet long and near the upper end of the Tine. 1n
profile this revch wus quite sinuous, having seven sags with drain
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valves and seven summits with air valves. In plan view there were
four curves aggregating 152°. Piezometer tubes for gauge No. 1
(four holes in each) were thrust into the pipe through three-sixteenths-
inch holes 890 feet from the dam at positions corresponding to 10
and 2 on a clock dial. Piezometer No. 2, at the end of a long
straight reach, had only four holes in 2 single tube. Both piezo-
meters were attached to mercury manometers of the U-tube type.
Quantity was determined by readings at 5-minute intervals on the
Venturi meter at the pipe inlet from the reservoir.

No. 63.—Experiment $-134, 62-inch eylinder-jointed lap-riveted steel pipe—
Gage Canul, Riverside, Calir—Capacity 9.5 per cent

In 1924, wooden box fiume No. 9, conveying irrigation water was
replaced with e 62-inch inverted-siphon pipe of five-sixteenths-inch
stecl plate wrapped with a protective coating and brush painted on
the inside, after erection, with two cosnts of asphalt. The same year,
a single test for loss of heed was taken from inlet to outlet pools.
The difference in elevation between the two pools was determined by
o double line of levels and the velocity was determined by timing
a shol of color (potassium permanganaie) throughout the 1,123 feet
ol length. This test indicated the pipe to be in excellent condition.

Neo. 76.—Experiment §-129, B4-inch riveted-steel pipe—Penstuck, Wise pewer
plani, Pacific Gus & Electric Co., near Anburn, Calif.

Water lor power and later for Lrrigation serves the Wise plant
through n conduit of various types in the following sequence:

{a) 1,362.5 feet of 96-inch wood-stave pipe.

th) 433.0 leet of tunnel. ’

(e} 925.3 feet of 8d-inch lap riveted steel five-sixteenths-inch plate. (Inecludes
a Yenturi metler.)

{dy 180G feet of 84-Inch lap-riveted steel three-eighths-inch plate.

{ey THG feet of Bdinch butt-strap steel lhree-eighths inch plate.

if+ 878 feet of 8d-inely lap-riveted steel threc-eighths-ineh plafe.

tgr 788 feeb of B4-inch lup-riveted steel seven-sixteenths-inch plute.

thr 730 feet of Bd-inch lap-riveled steel three-eighths-inch plate.

) 204 feel of Se-inch bott-strap steel three-cighths-inch plate.

ty) 822 feeh of S4-inch butt-strap steel seven-sixteenths-ineh plate.

‘I'he above seetions were followed by tapering sections aggregating
1,361.5 fect,  All the Jap-riveted pipe was made with cylinder joints.
Seon alter completion of the conduit in 1917, tests were made by the
compuny on resches approximating sections ¢ (No. 72, p. 112); &,
(No. 73, p.112); and 7 and 7 combined (No. 74,[p. 112). The retar-
dution lactors for these tests may be taken as holding for a new pipe,

Two years later the writer conducted a series of tests on a reach of
pipe 8,696.2 feet long, extending from the Venturl meter over sections
¢, d, ¢, f, g, and purt of A. In plan view the reach is quite straight
but it contains 10 major vertical angles, with 10 air valves and 1
blow-ofl.  Dilference in elevation between gauge points was deter-
mined by a checked bine of levels. Mercury U-tube manometers
were attached to plezometers thrust through the pipe into the water
prism.  Quuntity was messured by the Venturi meter. From these
data the loss in head was determined.

The original conling of ihis penstock was a grfﬂﬂﬁte peint, applied
with Dbrush.  Nodular t.ubercfes quickly formed, each with a pit




72 TECHNICAL BULLETIN 150, U. S. DEPT. OF AGRICULTURE

underneath. In comparing the two iests, values for the combined
reaches g, &, 1, and j listed as No. 76, are used. The 1919 tests indicate
that the line had deteriorated about 14 per cent in two years. This
deorease became so marked in 1923 thet the company cleaned the
interior of the penstock with a sand blast and painted it with two
coats of red lead (21).

At, the age of 2 years the eapacity of this pipe had decressed from
an excess capacity of 3.4 per cent, as noted for No. 75 gabove, fo &
deficiency.

No. 80.—Experiment 5-128, 132-inch riveted-steel pipe, cylinder joints—D=ad-
mun siphon, Los Angeles Aqueduct, Californin—Capacily 4-3.3 per cent

On the Los Angeles Aqueduct there are 13 imverted siphons of
riveted steel and 8 of conmerete, These siphons renge in diameter
from 714, to 11 feet. Experiments for loss of head were made on
Deadman siphon, near Saugus, in 1818, 1t was then about 7 years
old. Water is conveyed for irrigation, power, and municipal use.

The total length of the siphon is 3,430 feet. The steel portion is
11 fect in diameter, of plates from one-fourth to one-hall inch thick,
with girth joints single riveted and longitudinal joints double riveted.
The pipe was constructed with in-and-out or cylinder courses. The
rivet heads are round and prominent. According to the final report
on the aqueduct (112, p. 220), all the steel work was painted with
hydrocerbon oil, residusl from the manufacture of gas from Cali-
fornie asphait oil. This coating penctrates rust and rust scales on the
metsl, It was applied with brushes, without dilution in warm
weather, but heated and diluted with distillate in cold weather or
when put on cold plates. .

"The initial rench of this pipe is concrete. About 20 feet below the
transition (in foreground, pl. 3, A) between lhe concrete end steel,
holes three-sixteenths inch in dismeter were drilled through the steel
shell at positions corresponding to 10 and 4 on a clock diel.  Through
these holes piezometers were thrust and connected by & manifold to
gauge No. 1, a mereury column of U-tube form. Nesar the outlet &
similur layout of piezometers led to a water coturan. Practicaily all
the stec! portion of this siphon was included in the test reach, a dis-
tance ol 3,324.5 feest. (PT. 3, A.) The reach was straight 1o plan
view but included seven verticel angles, each of which was less
than 20°

Daring the tests changes were made in the flow, for the purpose of
producing several velocities, but the final range of velocities was not
wide, Veloeities were determined by timing color, shot from a
pressurc gun into the pipe linc a few feet upstream from gauge No. 1,
and observed through o manhole in the flow lme just ab the outlet
end of the siphon. In order to detect the color o white dinner plate
was suspended by four wires just below the surface of the water, and
was lighted by a beam of suniight reflected from & small mirror, A
survey party furnished by the Los Angeles department of water
supply ran two lines of levels across the valley between bench merks
nenr the gauges while the observations werc being taken. The tests
indicnted values of K,=0460 or {,,=102.5 for this line. It was
designed with ¢'in the Chezy lormula equal to 90. The average value
of Cwas 111.7 when the pipe was 7 years old.
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No. 81.—Experiment 8-115, 14-foot lap-riveted steel flow line, Ohio State
power plant, Fremont, Ohio—Capucity — 10.6 per cent

Water for power purposes is diverted from the Ssandusky River
and carried 2,861 fect through & 14-foot steel pipe to a large forebay
adjoining & low-head power plant. The pipe is almost straight in
both plan and profile, It is formed of plates fivesixteenths inch
thick, cylinder-jointed in rings 6 feet 814 inches long. At each girth
jointis a stiffencr ring of 4 by & inch L-section riveted to the pipe.  As
an additional precaution, heavy H-section steel members hold the
pipe io circular form. A capacity test was made on a reach 2,824
feel long from & point 27 feel from the pipe intake to a point 20 feet
above the lorebay pool at (he power house.  Less of head was found
by determining the difference in clevalion between a water column at
the upper end and a mercury U-tube eplumn at the lower end. Both
gauges were of engine-divided manometer tubing. Velocity was
dcti‘r.miﬂcd by timiug color from gnuge No. 1 to the poal at the
outlat.

GIRTH-RIVETED PIPES
[Sea pp, 113 nad 126 1o appendiess}

No. 216. ~Experimeni 8 ‘16, Jb-inch luckbur stoel pipe-—Ruttlesnake siphon,
Spring Brook Water Supply Co., Wilkes-Barre, Pu.—Cupacity — 21.9 per cent

Water lor domestic purposes is con veyed across Rattlesnake Hollow,
a few miles from Wilkes-Barre, in a steel inverted si phon pipe con-
necling open eanal soctions on either side ol the guleh. This pipe is
about 1,32] foet long between inlot and outlet chambers, The two
legs of the siphon are yuile sleep, with an intervening horizontal
section.  (PL 4, 13} The line is straight in plan view but includes
nine vertieal bends. Two series of ex periments were made on this
pipe at about the same time: one by a party under the dirvection of
the writer, and the other by the company’s engineers.

In the test made by the bureau the piezometers were all thrust
inte the wuler seetion through 3/.-incli holes in the pipe. In those
made by the company Lg-inch corporation cocks were tapped into
the shell of the pipe. ~ The bureau’s tap No. | was 45 feet [rom the
intake end; Lhe cempany’s 0.3 loot nearer. Taps for No. 2 gauges
were 3 Teet above the outlet.  The plezometers were spaced at ap-
proximately equal distances and all wero connected to water-column
gauges.  Kelative elevations across the gulech were delermined with
a Y-evel nnd cheeked by piezometer readings with a veloeity ap-
proximating static condifions: thal is, & velocity of but 0.258 foot
per second.  This veloeity caused o loss of head of 0.014 foot in the
piezomeiers.  Velovities determined by timing color injeclions wero
aceepled as correel. A suppressed woeir 4.69 fect bu crest length was
available, bul the veloeily of approach. caused such & turbulent
condition that the woir was taken as g rough check only, In all
cases the color indicates more low than that computed for the weir,
The differencs was secounted for by the uncomputed extra liow over
the weir rosultiog from the indeterming te approach veloeity,  Afger
the bureaw’s field party hud tested such flows as could be nide
availuble, the gaoges were Lurned over to the water company engingers
who secured u few additional runs, some at high velocities, These
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observations with bureau equipment are included in the bureau
series, while the company’s piezometer readings are presented as a
soparate series, listed as No. 216a.

The retardation factors determined from this series should not
be taken as indicating the capacity of this type of pipe, but as
indicating the departure from normeal capacity that is possible under
certain conditions. An inverted siphon is of course subject to ob-
struction by heavy objects which may enter the open canal feeding
the siphon, especially where the canal skirts a rather steep hillside,
and this pipe was folnd to contain a coating from one-eighth to one-
fourth inch thick of a slimy algz growth.

No. 216a.—Same line as No. 216

At mpproximately the same time the tests described above were
made the engineers of the Spring Brook Water Co. conducted an
independent series on about the same rasch of pipe. Their tests
ineluded runs at velocities from 0.26 foot per second up to 4.57 feet
per second. ‘The results at velocities below 1 {00t per second were
so erratic that they are not included in this bulletin, but the others,
as shown in Tables 3 and 4 agree completely with those found by the
bureau’s ficld party.

CONTINUGUS.INTERIOR PIPE
[See p. 117 In Appendiz 1]

No. 308.-—Experiment $-126, 8-inch (outside dismeler) beli-and-spigot joint
steel pipe-—Lateral 21 from Chatsworth high line, Los Angeles water supply,
Culifornia —~Capucity — 6.1 per cent

This pipe is part of the network of steel lines that irrigate San
Fernanado Valley, within the city limits of Los Angeles. (See pipe
No. 17 p. 67 for details of operation of these lines.) The nominal
diameter given is the outside diemeter, the inside being 7.689 inches.
The interior coating is a coal-tar dip. Field joints are of the bell-
and-spigot type, made tight with neat Portland cement caliced into
the joints.

The line is straight and on a continuous down grade, and regulated
by & valve at the outlet end. A reach 585.8 feet between the intake
and & branch line was selected for test. The upper gauge was a water
column in graduated glass and the lower gauge & mercury column
of the U-tube type. Both piezometers were thrust into the jet
through small holes bored in the pipe shell.

Veloeity was determined by timing color, shot into the pipe through
the hole bored for piesometer No. 1 and observed by withdrawing
water inte & white-lined pan at gauge No, 2.

This pipe was 3 vears old at time of test. A comparison with new
experimental pipes of this type will be [ound under Nos. 302, 304 and
310, pages 117 and 118,

No. 313. -2G-inch welded steel pipe. Municipzl supply, Murin  municipal
water district, California (I66)-—Capacity —2.7 per centl

In 1026 a full-welded steel pipe was laid from Alpine Dam to serve
several municipalitics near the coast of Marin County, Calil. Ong
year lator (low tests were made on division No. 1, a very crooked

section from the dem to Pine Mountain tunnel, a distance of 18,400
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feet. The line was made in 14-foot single-plate sections, butt-welded
on the straight seam. The girth joints were all butt-welded in the
field with acetylene torch, the angle cut being made by means of
aa ingenious device perfected by the contractor. The sections
were preheated and dipped in the same kind of coating as shown in
Plate 1, C. Field joints were printed with the same coating. A
portion of the alignment is shown in Plate 4, C. About 7,400 feet
of the length was of short straight sections; the remaining 11,000 feet
was in 133 short curves on 14-foot chords, the greatest angle at any
one pipe joint being 16°. The aggregate angle of bends was 6,488°
or 18 complete cireles.

Two flow tests were made by J. 8. Peters, chief engineer for the
district. The third test was made some five months %glter by Mr.
Peters and the writer. For the low flow, the two ends of the line
were just subinerged. Quantity was measured over & well-constructed
rectangular steel weir, 8 feet long, with end and bottom contrac-
tion distances more than 3%. The white-tiled pool above the weir
was quiet and without appreciable velocity of approach. An aceept-
able float gauge showed the head on the weir crest. The outlet end
of the pipe discharged [reely into the tunnel section. The loss of
head was computed from gauge readings and checked field levels.

The great length of line, compared with the dizmeter, makes these
tests of unusual value. The second test was made by subjecting the
inlet end of the pipe to the full head of water in the reservoir, some
77 Jeet, and by-passing the weir house through a Venturi meter,
equipped with o recm&ng device. As there was an unknown loss
of liead [rom the reservoir water through orifices, gates, valves, and
Venturi meter the computations for this run were not accepted until
after the third test, which was made like the second except that a
mercury U-tube column was erected on the line 935 feet helow the
Venturt meter. Tor this run, it was found there was a loss of 23.4
velocity heads® (for the velocity of 5.47 feet per second existing in
the 26-inch line), between the reservoir surface and the upper end
of the 26-inch line at the weir house. The second test by Mr. Peters
was then corrected for o loss of 23.4 velocity heads for the velocity
of 6.04 leet per second in the pipe line, These two tests each cov-
ered o period of one hour. The data were then on a comparable
basis (or all three runs.

These tests mmay be compared directly with those made by Mr.
Kempkey on the Gordon Valley line (No. 162, p. 123) as the pipes are
similer except that the 26-inch line is slightly larger and very crooked.
They were made by the same organization at about the same time.

CORRUGATED FPIPE

No. 600.--8.88-inch experimenial line, Arlington, Va. (182, 183) — Capacily -- 3.6
per cent

Tn 1917 D. L. Yarnell, senior drainage engineer of the Division of
Agricultural Engineering, conducted tests of How through draintile
and nominal 8-ineh and 10-inch corrugated pipes. Detailed descrip-

APhifs turm 2 nsed to nxpress local losses through gratings, chambers, vaives, Vonturl metery, ele, gon-
erally found st the 1nteke of munlcipal pips lees. For exumpie U the predeminating veloeity o the pipa

H
couneattog tho “apeciats” 13 8 fuel per sseond, then the velscily bead for B fest s g—-—l foot aod I the ag-

gregatn 109 is Inken as 5 fuet or determined to bs § feot then this foss is E:FMd as five valoelty hends
und Lhe logsoa for uoy olher Qow will approx{inate the same nnmber of veloelty beads tor Loe veloclty gen-
erited Dy that Uow,
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tion and photographs of test methods and equipment were reported
(182). One hundred and forty-seven pxperiments were ruade on the
two sizes of corrugated pipe, bub only three runs, on the nominal
g-inch size, were made with the pipe running full. Klements of these
tests are found in (183).

Tn essentials the lavout was as follows: A straight reach of 200
feet was laid in earth placed in n wooden flume, so arranged byscrew
lifts that the slope could be changed. The screws allowed delicate
adjustment so that the even values of H ¢iven in Table 3 were 2ctu-
ally attained on the hydraulic gradient. The pipe uniis were held
together by metal bands. Water, supplied by an 8-inch centrifugal
pump, was measured over a 90° V-notch welr. Internal diameters
were determined before units were laid.

For flows in both 8-inch and 10-inch sizes at various depths less
than [ull, the values of Kutter's n obtained cover a wide range, but
the predominating freguency of values from £.019 to 0.020 indicates
that o velue of 0.020 is conservative for conditions approaching the
ideal, as in theso laboratory tests.

COMPOUND PIPES
{Sea pp. 121 and 198 In uppendices)

No. 184.—Experiment §-133-—64.2-inch (average) riveled steel pipe—River
siphon, Bitler Root Vaulley irrigation distriet, Montana—Cupacity-14 per
cont —Without allowance for time deterioration rhecuuse of pulishing veloci-
ties) capecity-f2.1 per cent

Trrigution water is conveyed across the Bitter Root River, between
open canal seetions, in a steel siphon pipe of varying diameters &s
listed in Table 2.

The reach tested was 3,362 feet long, which did not include the
first 287.5 feet of the 71-inch pipe at the intake end and 4.2 feet at the
outlet end. The long reach, combined with a high velocity through-
out, made lhe experument of great value, resulls being but little in-
fluenced by unavoidable experinental errors. Both piezometers were
inserted into the water prism through ¥He-inch holes bored 1n the side
of the pipe. Even with this precaution, the water entered the siphon
in such a turbulent condition that air was very evident at gauge No.
i until removed from the pressure tubing leading up the il from the
piezometer tap to the graduated glass.

This was accomplished by an air trap placed just ountside the steel
pipe and made as follows: A glass Y-tube was inverted, with one
short leg connected to the piezometer tube outside the siphon and
the other short leg leading to the water-column gauge glass. The
vertical leg of the Y was connected to the color gun, which was used
as an nir chamber. Bubbles of air finding their way into the piezom-
oter tube, ascended the glass Y into the air chamber, leaving a
column ol solid water in the pressure tubing between the siphon and
the puuge.

1t wir bubbles are allowed to remain in such a water column, the
sndicated clovation of the top of the columu is erroncous. Where
much air is entrained in o line being tested ali the bubbles can not be
expelled from the water colwnn by blowing olf the gauges. A con-
tinwous stream of bubbles comes along with the water, so that at
any time the blow-ofl is closea the column between the gauge and the
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piezometer is still filled with a combination of air and water. How-
ever, with & trap such as that described, it is easy to secure a water
eolumn free of air.

The average velocity through the siphon rom gauge No. 1 to the
outlet was determined by the injection of fluorescein at tap No. 1
which was observed in the eanal at the outlet of the pipe. The
quantity, ¢, was found by using the continuity equation, Q =4 ¥,
where 4 is the weighted average cross-sectional arca of the pipe
through which the color passes and 17 the average velocily. The
total loss of head for the reach tested amounted to 37.9 Jeet. Just
how much of this was lost in the different sized reaches wes not
determined.

No, [58.—~Experiment 8-103—84-inch and 90-inch riveted steel pipe, eylinder
juinted, St. Mary River crossing siphon, Milk River project, United States
Bureau of Reclamation, Montana— Capacity - 16.5 per cent

Water for irrigation purposes is conveyed across the Si. Mary
River in an inverted siphon pipe of riveted steel. This siphon,
between open canal seetions, is composed of 1,432 feet of 90-inch pipe,
then o 6-foot transition section to an ®4-inch pipe 831 feet long, then
an enlarging transition section back fo a 90-inch pipe 953 feet long.

The pipe line i= of the exlinder-juint t)'?e, with beveled edge plates
having double rivet rows vn the longitudinal seams and single rows
on the girth seams. It was built under two contracts. Under the
first it was assembled in field seetions and given one coat of water-
gas tar and two costs of coal-gas tar, 1 foot at cach end being left
withoul paint, so that final riveting weould be on uncoated metal.
ARl peeled spots were recoated.  Approximately the entire last half
of the pipe was constructed under the second contract. This portion
of the line was given three ceats of coal tar, ent with one-quarter its
volume of water-gas tar and distillate, mixed in enusl perts. This
coat was applied at boiling temperature with a brush.

The siphon was finished i 1915, Two voars later tests were made
st two velocities. (lange No. 1 was attarhed to plezometers at s
point 315.8 feet from the intuke end of the pipe, on ihe first 80-inch
section.  Gauge No. 2, attached to similar piezometers, was placed
unly 0 feet above the autlet end of the siphen, on the second 90-inch
pipe.  The loss of head wie determined Tor a compound pipe—two
VO-tnch sections ot the ends, joinod by 6-foel taper sections to an
Sd-ineh reaeh croxaing the bridge ahove the river. The quantity of
water was messured with a current meter in Spider Lake coulee
flumne, focated just helow the outlel of the siphon pipe.

The individual losses in the various sizes of pipe were not deter-
mined hut the total loss can be allocated to each pipe size, by using
the same values of A, and (% for each ran of water.

ANALYEIS OF THE EXPERIMENTAL DATA

The extent of the data now available on measured losses of head
for given veloeities, in riveted-steel and snalogous pipes, warrants
the aceeptanee of some one of the existing formulas of llow or the
revision of certain elements to aceord with data aceumulated fron:
sclund experience.  If the necessury revision of elements is of moment
& rew formula must be derived.




78 TECENICAL BULLETIN 150, U. 8. DEPT. OF AGRICULTURE

To avoid going over old ground certain generally accepted premises
will be stated here and the argument taken up from that point.
Titerature citations will indicate where more complete discussion. of
the premises can be found. The primary assumptions are:

1. The exponentiul type of formula is preferable to any other form.—1t
is fully understood that losses within most closed pipes, at velocities
above Reynolds’ critical velocity (£42), 1. e. at all “eommercial veloe-
ities” require for the exponent of Va compromise value somewhat
less than 2.00 (140,55, 147, 173,151,16,180,183). A series of observa-
tions on a pipe, platted on logarithmic paper, with losses of head as
ordinates and velocities as abscissas, gives a straight line whose slope
indicates the exponent of ¥ in formula 14, p. 79.

2. A complete stulement of the elements entering a formula for the
loss of hend must include the influence of temperature of the water in
affecting wiscosity (145, 18, 16, 80, 188)—This influence Is quite small
and hos generally been ignored heretofore, egpecially by American
hydraulicians, as the variability of other factors 1 the various
formulas did not warrant refinement in this one direction. In this
bulletin water lemperatures were considered, where available, Final
recommendations are based on a temperature of 15° C. The last
column of Table 6 shows the correction necessary if any other tem-
perature is to be the criterion. [t also shows that this correction is
insignificant for all temperatures likely to be encountered.

3" (pnsideration of viscosily most properly takes the form of acceptance
of the luw of dynamic similarity for fluid motion (142, 16, 188).~—This
jaw® is to the effect that frictional losses in the flow of both liquids

and gases ace a function of ~ "=

&P here pppeal to ln thrl--r- senerdd ways to apply the fact thoei resistance to Sow in ali duidsis a function
T4 . -
of * Heynells® nuter ™ . e far puthorities are in agreoment,  Wth Lhis as o base, Parry {¢33), lor

rpstanes, develops onnstants for varlgus kinds of pipes in terms of Chezy's C, but thls method ylelds
variable vadoes of ¢ e different velueities in the same eonduit unless Lbe Joss of head vories s Lhe square
of the velority.  Lther Europen woiters develop o binvmial Lype of formuls using Lhe nhova viscosity
funcetlun 1o 4w of the terner, "Plie Bt ol theae forpullas s given the writer in correspoudence by Erlk
Linduuist (109, of Stogkbolm, fullows:

3

244 3 A
e gep B

whern 3 duninisbes aod K inereases with (be rouphness of the pipe.

The thind ey Lo ttiiize Che kaw of similarity of luld Bow, aod st the same time follow empirlend results
a8 anchieated by fractimial vxponents, as bevs chesen by the writer, followlng the exhnustive studies of
1aeelrsen ik,

U v dmes of | he pegonent oliangy, s elanmed by sone authorities, there does not appear to e uny changs
Itrppriont the range of Heyoald's oo cuverad in the experinental deta available, and this rasge is
sallicient o enessapass il peesent pra . The rase of haodilng the sxponential foriaubi, the definite
Liciog {ogpathier of LEe expon i adgeheue form, and the relative simplicity of treatment hy caleulus, in
peompIIC sttlies, il enlnirge e e of Lhe expooentiod foreouia rather than obher types whoere con-
slanis e suly approsinetel§ caist il or sg 1eany in punber that nlmaost unlimited dats would e reguired
Lo et forth i as dedintlely o varous citeguries us iy Jdooe 1o this publication.

Tl Eablywioy argnment, svpamied amd eonverted Lo the notatipn used in this bulletln was offercd by
Blegelorwn i 4, g luntilize the law of unl similarity o terms of exﬁqnemlal furtnnlas alread y secepted.

f, 11 n
1o basie eguatlon #, poge B, h;-h,{w the general value or,"aa( i;D henece

) L) () ()= (8)

; . fps i . .
Bubstitutmeslr e RIrhen L4 =2 2+ f=4 el 2=2-z, and by writing %_._i the following s nbtsined
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for the gemerad P ppst o o 10t of s gtor vl orrendar elosod ponduisg,
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Acceptance of the above premises may be stated in proper algebraic
form as follows: For a given surface the loss of head is influenced by
three variables, which in order of magnitude are velocity, diameter,
and temperature of the water. Within any given pipe, disregarding
for a moment the viscosity,

o= MV: (14)

For a series of pipes of the same general characteristics but ot varylng
diameters, the values of M follow the general equetion

M= ED™* where  is negative. (15)

Substituting in formuls 14

T
= K%; or log H=log K+zlog V—2x logD. (16)
This form has been offered many times, with various values of K, x,
and z, dependieg on the experience data available at the date of study.
Thus far viscosity has been disregarded but must be taken into se-
couut in the derivation of a precise formula. Considering the vi~-
cosity :

H=mpv (17)
Substituting in formula 16

H= mvy%;: (18)

The solution for H now appears hopelessly involved, there being
three knowns », D and V, and four unknowns, the exponents ¥, T,
and z and the term m representing the internal characteristics of the
pipe; but the law of similarity of fluid flow clarifies the situation.
Converted to the writer’s notation, Reynolds’ classic work of 1883
(142), may be stated

myt—t e
H=——D—-3,_"z—‘* (19)

Blasius’ proof of this formula is given on page 78, showing a relation-
ship such that, if enough observations on several pipes of the same
characteristics are at hand, the exponent of ¥ can be determined and
the other two exponents disclosed. The mass of experience data listed
in ‘Tables 1, 2, 8, and 4 indicates the average exponent of V to be 1.9.
Substitution in equation 19 above gives

LI
-2

For n working formule, considering viscosity of water at 15° C
substitution in equationl6 gives

E, s
H= '}Dl:I - (21)

(20)

-

This is the writer’s basic formula No. ¢ lrom which Nos. 10 and 11
are computed. Before the determination of £, the factors of equation
20 should be considered as much depends upon it. It is not difficult
to accept the relationship of the exponents of V and D us a con-
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sideration of some 25 or more exponential formulas offered during the
past 75 years (isted in Table 5) indicates that the sum of these two
exponents bas nearly always been found a roximately equal to 3.
Reynoids’ work was done with tubes of small caliber. The opfportu—
ity of checking his deductions came with the experiments of Saph
anXSchoder (146, 147) onsmall brass pipes. Their values of z and =
were respectively 1.75 and 1.25 the sum of which again equals 3.
Blasius (18), following the work of Reynolds and Seph and Schoder,
proved the law of similarity but did not have sufficient data available
from which to draw conclusions as to values of the coefficient, K, for
various kinds of pipe. Biegeleisen and his coauthor (6} undertake
a most extensive and careful anslysis of the work of sll previous
guthorities and show the mathematical correctness of equation 19.
(See p. 79.) They then apply the experience of 1,761 gaugings on
cost-iron pipe and find exactly the same_ exponents—1.9 for ¥ and
1.1 for D—found by the writer for the pipes considered in this bul-
letin. Fowever, they found 1.8 as the exponent for ¥V and 1.2 for D
on & study of steel pips for which they had but little data, compared
to that now available.

TanLe 5—Dzponenis in varfous formulas for melal pipes, based on the general
7

Jormaula H=K—ID—;: and showing appreach of z+z lo ¢ value 3.000 es first sug-
gesled by Reynolds

%

|
No. | Mame Kind of pipe
I

g

Greneral.
Cust. iron.

Do.

De.
Old vask jron.
MNow cast iron,
Asphalted cast iron.
All kinds,
Naw, asplinlt eonted,
O, asphalt conted.
Lap riveted,
Bare riveted.
Various kinds.
All kings.

Do.
Riveted wrooght iron.
Cleon riveted.
CGalvanized.
Riveted.
Steel.
C'agt Iron.
Seraw-igint, riveted.
Single riveted.
Double riveten,
Binall hlack standard,
Wreought iron.
st ron.
L rivelsd,
Riveted steel and analogous.

E(‘l\ez:..'_“..
¢ gaint-Yeuunt

=
[ r=

2888

151 LTI ERII S P I RA £

1
2
il Lumpto.. ... ..
4 | Fenuing

§

288

REEEERZE

b, F e e e e e b e
- ; :
[N LR
- =3
EEE g
=3

et adad Lot L mt il
o=
oo

._.
B2
=
we
e

g
(=1

Willnms-Linzen, ...
COWIHIMIUS e e e e s
PN L o e ]

2EEE

e

REHE
- T=1]

Corp and Ruble

Wegmnnn-Aeryns. ...
Flinn-Woston-Bogert. .. . .. .o
Bt Lo rcvaeeciiaa o e .l

e e e L e e
1
e e atal

=3
=g
28

g8

1 Note thot 1,701 obsarvations gave Disgelelsen, in 1911, the same exponents for his formula for enst-iron
pips that Lhe writer (ound for viveted-sicel and nnaligous pipes, diseussed in this budletin,

In the writer’s determination of 1.9 for z, the data were platted
on logarithmic paper, H being used for ordinates and V for abscissas.
(Tg. 3.) Observations manilestly inconsistent, wher compared with
others in the same series, were given a I rating (column 3, Tables 1,
2, and 3) and were not included in the analytical derivation of the
squation of that series, nor were they considered in the comparison
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of observed to caleulated capacity or in compufing average values of
Cur K,, or m. For oach sertes covering any materia] range of veloci-
ties the individuel pipe equation wss derived by the centroid method
(162, p. 50} end listed in column 11, Table 4, which shows the average
velue of z for various types of pipe that may be listed and weighted
&s follows:

Avernge valne of z
Full-riveted pipe, 33 serles L ___ 1. 902
Girth-riveted pipe, 6 geries_.______.__ ___ """TT"TmTmmTmmo 1. 950
Continuous-interior pipe, 9 series. ____________ " "TT7TTTT" i.812
Dredge pipe, 2 yeries_ . __.._ _____________~"_"TTTTTmTmmmem 1. 855
Spiral-riveted pipe, 21 seriea._________ T __T"TTTTTTmTTmm 1. 881
Weighted average value for all Pipes 1. 800

Not only is the general average value of z equal to 1.900 bui also
the value of 2 is 1.902 for the dominating by pe.

Taruw 8.—Values of s (column 7 for use in Jormula 20, page 79, when the
influence of lemperature wpon waler viscosily is considered

Kinewatls visoosity » Vol
Viseosity | Donslty : tow b
o 2 o, I
Tomperutures | o b5 | o ds | 4 Commns | English | 00k,
unite units P +030.04 English|  unita Ou. 100 por
¢ 8. valts sont
unity
{ B F 4 5 ) 7 &
Gr, per S, e,

e, ap Pottes [ LT 3er 34. fE, per xee Prr cet
7] $2.0 {. 017021 0. R308T 0. 01762 20 a.3377 =24
+ .2 L5074 i 6T GO0OGE7 P i 4 —1.5

i 50.0 oerr 3073 . 01308 CODOL408 3278 -7
il Gl B 01371 H03 01278 CO01368 3263 —. 0
i2 558 012463 P52 iy 11t 3254 -6
H &5, 4 LDi20g 00040 -G1204 0001290 L3345 — 3
14 57.2 LOLTO0 it e -Giir2 0001202 37 -2
18 5.9 D4 08013 LaLigE . 00a{L22g 3208 0
it 0. B DIELLL HIGT TR L0001 107 3220 +.2
17 B g o 90880 N COGaLI07 3212 +.3
18 ok 4 (HO550 uthi] NillisT LEREIRE] 3208 =+.4
i B8, 2 QG G9843 . gan [LECHES Jigg -+ 7
26 48,0 410050 PORZY L VI007 001084 $189 +.8
13 .8 [EETLIE] URD2 L OGDE3 DOOALGSE J180 +.8
& Tle 5T HOTED . B0 K033 3173 -+. 5
13 T34 00358 SKTST ML 0001010 Alos 410
24 5.2 gk 42 20743 L0017 0BODAGEY 1158 +L2
5 Fra DORGY K08 . G808 [LEEES 5 35 19k )
268 73,8 0BT737 13632 . DOBT0 CODBRGH 304 1.6
T Bo.0 QOIS {9055 LI0As7 [LLTEE bR F47 .8
38 B L OB360 . HRE7 L8083 - (0003 L Han +H.7
n 32 - OCR1ED LO0EGE . 00821 . DOGO0EEY L3k +1.8
g B4, 0 . UOBDOT U058 G086 . 0000845 L3E7 +i.8
35 5.0 Biiry Al L K408 . Do7e? - DKa0TES . J08a =+2.4
40 04,0 . (00B00 . Dies L GOOBE CA0000TLL . 30aT +2. 6
45 1.0 - 05088 PRO L] i - (00051 1511 5.4
&0 2.0 L D05 . §3807 . B35S LOD0O0SDR L3004 +35. 0
]

While the Iist above fully warrants the adoption of a valus of 1.9
for 2z, at least as apainst any other round-figure value, still it must
not be overlooked that the individual values of z vary aoll the way
from 1.73 to 2.14. The reason for low or hich values of z has been
discussed for 25 years. When Seph and Schoder (146, 147) found
*.75 as u consistent valus of this exponent for smooth brass pipes of
smell dismeter it appeared conclusive thet this valde was reﬂztad to

62210%—30—8
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smoothness, and this was the concensus of opinion for many years.
In looking over the available data on smooth steel, wood-stave, and
concrete pipes (152, 163) the writer has found many pipes with fric-
tionsl coefficients indicating very high cepacities but with exponents
of V in excess of 1.00. Conversely, D. L. Yarnell and his associates
found an average value of z of only 1.986 for corrugated pipe culverts,
the corrugations resulting in a very low capacity relative to that of
other pipe materials (183). If z were wholly a function of smooth-
ness then it should inerease as the capacity In a given reach of pipe
deteriorntes with age. Likewise old pipes,
shown in Figure 7 fo have decreased 1n ca-
pacity with age, would show relatively high
values of the exponent z. To demonstrate
that there is nothing conclusive in this argu-
ment Figure 4 is offered, showing the values
of z plotted against the age of pipse in years,
with related gagings connected by light lines,
The points disclose no definite trend.

So long as a wide variation appears in the
exponent of ¥V and this veriation
can not be rectified with present
linowledge, a round figure for the
exponent, of V is all that is war-
ranted. Iencs, a valua 1.3 for zis
adopted as the average figure found
above for several iypes of metal
pipes. In formula 19, page 79, 1.9
is substituted for z, which gives
tentative values for y and e, re-
spoctively, of 0.1 and 1.1. The
value of y=0.1 could be much
changed, oﬁﬁnored altogether with-
out materielly affecting the formula,
hence it will be accepted as part of
the mathematical proof given on
page 78. The value of z, on the
other hand is of more moment.
Te test the tentative valua of 1.1,
Figure 5 was developed by plotting
5 10 i5 as ordinates values of M as taken

Age of pipe in years from the individual formulas in
Froesitte spoens sliaed torog Table 4, column 11, and values of

: o, ' for such observations as were too

E'e‘rﬁfita“té‘ﬁu‘ﬂ’é‘;ﬁ“ﬁ&%ﬁ”?’&ﬂe"&%ﬂ? Elaroiﬁs:::;s:: few to yleld an individual formula

o pibe. g fgr this disgram from Tabled, (4]so from Table 4, column il);

and by plotting as sbscissas the
veluss of d. Lines at & slops of — 1.1 through groups of points known
to be good eriteria indicate that this slope is as good as any other
could be, hence the whole proof of Blasius and Biegeleisen is supported
by empirical data. There remains only the selection of values of m
in formula No. 20 for the various classes of metal pipes and from these
values the selection of corresponding values of X, in the working
formula No. 21,

It was considered best to work toward round figures for values of
A, rather than accept necessarily round figures for m and {rom these

yZ

ELxponent z mn H=Ks g

g
L]

&

ip
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Values of Mesowan and Mowsfrom colemn B, Table 2

FIoURE 5.—Logarithmic diagram showing values of M and M’ plotted against values of d for test of the éxponent z in formula No. 15 after theoretical argument discloses this
gxponent s!txould be-—1.1, (See page 82)) Slope lines for —1.1 and —1.167 (Williams-Hagzen) and for —1.25 (Saph-Schoder) are all given for comparison.. Points are cnnnected
¥ arrows to proper class curve
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oot extended figures for K./ in converting from onc to the other.
Tor the varions subdivisions of class 1, page 12, the values of m from
Table 4, column 14, were plotied as ordinates and shell thickness as
abscissas, It was qulte obvious that there was an incresse in the
values of m with the increase in shell or metal thickness. The -
fluence of shell thickness was tabulsted by LeConte (116, p. 549);
{132, p. 456). It was evident also tha$ pipes of thin-gauge metal,
with well-buried flathesd rivets, offered less resistance to flow than
thick-plate pipes having appreciable offsets between individual pipe
rings and single, deuble, or triple rows of bold rivet heeds, themselves
corresponding in size with plate thickness.

Tho seleetion of values of E,’, as given on page 12, was the result
of carefut weighing of the various points in Figure 6, finally supported
by & cornparison of observed to computed capacities for various basic
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Sheet and phats thickneas in dseimal of Inch

FisTRs 8.—For full-riveted pipes thers Is a tendency of retardation eoeflicients to increasa with
thickouss of ploate, largely beeatse miniher and size uf rivet beads also increass witls plate thick-
pous.  Practiently new pives indientad by dots, eldaer pines by opez cireles.  Poipts connected
by dashed lives tndicate range af plate thickness, withia reach tested, 25 istert fn Table 4,
columnn & F utted I terms of e, shich inelncies viscosity infuence. Interproted in torms of
£ for use tn warking formule No. 8. Heavy borizontal iines, anding In greow polots, show
rangs of pirta tichness (o escr gubdlvision ol ¢ ass 1. ‘1'he vertieal pesition of theselinesis
datermined by - roumt value of K’ coscespondlng to the plottad value of m ot 15° C.

assumptions of round-number values of X,” shown by lines superim-
posed over the values of m. The valuss of A, used in the compari-
son, of course, were modified to include the age-de terioration tendencies
shown in Figure 7. It is to be regretted that the points make so
seatterad a pattern on the drawing; the explanation is that there are
srent intrinsic differences, duc to the state of the inferior coating,
the extent of siting, the amount of curveture, number of valves,
and other “specials,” in pipes constructed wnder closely identical
specifications.  Had all observations been made on pipes of presum-
ably equal interior surfaces, values could have been determined by
the 1 -shod of loast squares,  Such values would have been unassail-
able from » mathematical standpoint, but the writer is certain the
values must bo based on judgment formed from experience with pipe
lines known fo be bypical, where conditions of experimeniation were
of the hest. Iodividual velues so chosen must then stand the test
ol comparison in adjoining classes of pipe. The argument for the
various classes follows.
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FULL-RIVETED PIPE

CLASS la. K/=035 FOR NEW PIPE

[See p. 12 for class deseriptian]

It was desirable to have values conservative; that is, below ob-
served values where conditions were definively known to be typical.
For pipes ol eluss 1a, of sheet metal seamed with flathead rivets, it
was known that pipes 20, 31, and 33 fulfilled these conditions, It
wag also evident that the pipes tested by Hamilton Smith should be
regarded in the same light, their cupacities being slightly above those
to be anticiputed in design. This was true because the velocities he
found were quite high and his descriptions indicate polished Intetiors.
With these lacis in mind a comparison of observed to computed
cepacities was made with three basic assumptions for values of X/ for
new pipes and a temperature of 15° C.  The values tested were 0.36,
0.38, and 0.40, 8.38 heing finally adopled as conservative. The last
column ol Table 4 shows the comparison between observed capacities
and thoae computed with a value of 0.38 for & new pipe, and the value
of £, increasec according to formula (22) for time deterioration. The
irrigntion pipes carrying water from open canals at Iow volccities nearl ¥
all show capacities below that called for by formula, because of bedding
down of sand and silé deposit.

The writer’s value of 0.38 for K, roughly corresponds with the
Willinms and Ilazen (,=120 for 30-inch pipe or 130 for 6-inch pipe.
These values of (', are from 10 to 20 points higher than they recom-
mend [or steel pipe.  However, their discussion and data lead to the
deduction that they had in mind plate thickness and rivets that would
compare with class 1b, disuussetF below. In fact they speak of but
one class of steel pipe. This type of pipe is made in the smaller sizes,
for which Katter’s lormula is particularly unsuitable. For a 30-inch
pipe the value of n is about 0.012, while for & -inch pipe it is about
0.010.

CLASS \b, K/=0.44 FOR NEW PIPE

[See page 12 tor class deseription)

4 study of Tigure 6 shows that K,/ =0.44 is the round fignre most
accepbable for this group classification.  In Table 4, column 15, it is
shown that in most cases (he ohserved capacity agrees very closely
with the computed eepacity.  VWhere there is divergence it is gener-
ally very wide. In some cases the pipe descriptions disclose the
reason.  Gencrally speaking the agreement is closer than was the
ense for elass ta.  This is reasonable because pipes of this class have
been used lor municipal supply to a greater extent than for irrigation
uL.E;e where there is greater opportunity for elosure of the pipe by
silting.

The value of 7 =0.44 corresponds with reasonable closeness to
the Williams-Hazen ¢, 110 for 30-inch pipe which diminishoes to
100 for 120-inch pipe. This group included most of the experinental
results on which Williams and Ilazen recommended their ¢, =110
Ior new steel pipes.  The corresponding values of Kuiter’s n for the
30-ineh pipe is about 0.013, and for the 120-nch pipe about 0.0185.
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CLASS io. K./=048 FORNEW PIPE
[Ses p, 12 for class desaription]

Figure 6 shows that the data for heavy plate pipe are quite meager.
The few tests available indicate that a value of 0.48 is reasonably
close. 'This is confirmed by extension of previous group coeflicients.

The wiiler's value of XK, =048 corresponds roughly with the
Williems-Hazen ¢, =100, a velue that has been used quite extensively
in the design of heavy penstocks, The corresponding values of Kut-
ter's n are lrom 0.014 to 0.016. The data indicate thet these are
spproximately corract for such penstocks when new but less favorable
vlntiues should be used for the same lines when 10 to 24 or more years
old.

CLAHS . K /=032 FGR NEW FIFE

i3ea . 12 for class deseriptlon)

While there are few tests available for lines of this class, this class
novertheless includes such pipes as the Jawbone siphon of Los Angeles
Aqueduct and will also include some of the large pipe lines now
planned, for which a projection of the available data appenrs warranted
until such tbne as more actual capacity tests on extra large sizes have
been made. It is suggested that a value of K,/=0.52 be accepted
gentatively. This value agrees reasonably well with the Williems-
Hazen C.=95 lor & 10-foot pipe and C,=90 for a pipe 24 feet in
dinmetor. The equivalent value of Kutter’s n is between 0.017 and
0.018.

SPIRAL-MIVETED PIPE, FOR FLOW WITII THE LAPS K,/=044 FOR NEW FIPE AND
FOR FLOW AGAINST THE LAFS K/=0.48

Very extensive series of tests on short reaches of small spiral-riveted
pipe as set up for cxperimentation in laboratories are availabie, but
1o tosts hove been made on lines in commercial operation so far as is
known. Appreciating the fact that the latter very seldom bear out
rosults obtained in the laborstory, the tentative values of X, suggested
indicate slightly poorer capacities than those shown by the points in
Tiguro 3. These tentative values are: For Aow with the laps K, =
0.44 and for How against the laps X, =0.48. These values roughly
correspond to the Williams-Hazen €, =110 and G, =100, respectively.
The values of &, resuiting from tests on the smaller pipes indlcate that
tentative design values of K,’=0.38 for flow in new pipe with the laps
and K, =0.44 for flow against the laps are amply conservative; but
it 18 to bo noted in Table 4 that whea the experiments of Greve and
Martin are considered, the test values increase with the size of pipe,
finally reaching 0.46 for {low with thelapsinan 8.12-inch pipe and 0.48
in the same pipe with the fiow against the laps.

Tt is sugzested that the rifling effect produced by the spirated laps
and rivet heads may seb up a condition of flow quite far removed from
the regimen established in ordinary full-riveted pipe lines, and
for this reason a high factor of safety, expressed in excesy designed
eapacity, should be used in computing the flow in large spiraled lines
in field service, although future tests on such lines may show that this
warning is not justified. .
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GIRTH-RIVETED PIFE
CLASS 2. A/=03 FOR NEW FIPE
{Bee p. 12 for clnas deserlptinn]

A study of Table 1 shows that tests on the small pipes from 4 to 10
inches in diameter disclose o coefficient slightly mere favorable than
0.34, while Lests on the pipes from 36 inches to 58 inches show an
unexplaingble situation. Practically all of the pipes were of the loclk-
bar type. The writer will not comment on values of A, applied to
old pipe in accordance with the deterioration curves shown in Figure
7, but the results of tests on new pipe vary too much for pipes made
by the same methods.  The Rochester tests (Nos. 220 and 222) on two
long reaches of pipe show o capacity but little better than that of an
ordinary rivol‘.ta({ pipe ol elass 1b and the Wilkes-Barre tests (No. 216)
show still higher cocllicients, the reason for which is understocd, while
the Portland tests (No. 226) on new pipe and the Montrenl (Na. 218),
Springficld (No. 224), and Portland (Nos. 225 and 225a) tests on older
pipe show capaeities corresponding to & value of I{, [rom 0.26 to 8.30.
Beenuse of the wide divergence shown for pipes that should be alike
Lo o reasonable degree the value of X,=0.34 for class 2 should be
taken as kentative, especially as regards lock-bar pipe, indicating a
pipe with a capacity nearly 15 per cent above that of ordinary riveted-
steel pipe of class 1b, This percentage agrees quite closely with
recortled ideas of qualified engincers. The value of £,=0.34 corre-
sponds roughly with the Williams-FHazen (', =125,

Only two short series of tests on uniform bump-joint welded pipe
can be presenied-—Nos. 228 and 230.  These show K,=0.36 to agree
quite closely, and future data may show that the decp recess at the
bump will necessitate this value rather than the more favorable
value, 0.34; still the general description of the weldad pipe with
bump-joints is such that it will be left in class 2 until proven incorrect
by additional data, Tests on pipes 156 and 156a, both compound
lings, confirm the choice of 0.34 so far as required assumptions warrant,.

CONTINUOUS-INTERIOR PIPE
CLABS 1. A/=032 FOR NEW PIPIE

{Bea p. 12 for ¢lass Geseripbion]

The specifications for this class of pipe require a surface that ap-
pronches the best obtainable with contings now in use. The tests on
the straight experimental pipes at Versailles, Pa., Nos. 302, 304, and
310, show values of X, which are probably too lavorable to be nc-
cepted Tor field installations with more or less curvature, although the
values for Nos, 302 and 304 are supported by the Bend, Oreg., test
(No. 311) on 5 miles of 14-inch full-welded pipe.  The tests on the long
Coolgardie line (Ne, 314) (which was one of the first lock-bar pipes,
hut js placed in class 3 rather than in class 2 because the field joints
every 30 feet were butt joints, leaded under sleeves) and the test of
Mills’s No. 316 show surfaces only slightly inferior to that giving the
value &, - 0.34,  However, Mills’s No. 318, paralleling and duplicating
No. 316, shows a capacity but 8 per cent greater than that of an ordi-
nary riveted pipe of elass 1h; yet Mills’s description of both of these
pipes, with countersunk rivet heads, indicates that, when the lines
were first put in service, he had high regard for the interior surface.



http:Ii,'=O.32
http:K,,=O.34
http:K.'=O.34

88 TECHNICAL BULLETIN 150, U. 8. DEPT, OF AGRICULTURE

The recommended coefficient for this class of pipes, K,'=0.32, is
offered tentatively, there being a strong probability that much addi-
tional date may indicate a value K,=0.30 to be warranted for a new
pipe. The value K, =0.32 roughly corresponds to the Williams-
Hazen (', =130 for pipes above 30 inches in diameter, while for small
pipes the corresponding value of ', approaches 140.

DREDGE PIPES

J=D38 FOR NEW PIPE FOR CLEAR WATER AND Ki/=0.14 FOR NEW PIPE AND
DREDGED MATERLIALS

A study of the last coluran in Table 4 for dredge pipes (Nos. 402
to 422) shows that most of the observed capacities agree with the
computed capaeity within 10 per cent, on the assumptions that
I,'=0.88 for clear water and 0.44 for loaded water; however, the
difference may be partially due to pipe charscteristics and differences
in joints rather than to class of materials carried.

CORRUGATED PIFES
=140 FOR NEW FITE

Tor this type of pipe few data are available.  Usiog the results of
tesls on Nos. 600 and 602 and comparing with the formula of Yarnell
and associales (/83) the writer suggests a tentative value of K’ =1.40
or ¢ value of Williams-Hazen ¢%=00.

EFFECT OF AGE UPON CARRYING CAPACITY

Steel pipe lines are subject to several forms of chemical reaction

tending o deerease capacity; wood-stave and concrete pipes are
seldom seriously alfected,  Since steel was first used, constant efforts
have been made to develop coatings to combat this tendency effec-
tively. There are now available many dips and paints, usuelly

wilh n base of asphalt, tar, or other hydrocarbons, which are so used
that new pipes usually show a very smooth and glossy surface
(/28)7. For some of the newer coatings, made under various trade
names, hroad c¢laims are made for long life and efficiency. Time alone
will indicate just how effective these coatings are in the prevention
ol corrosion, tuberculation, and consequent loss of capacity. Until
sueh proof is forthcoming it is more conservative to assume that all
moderate-velovily steel lines will deteriorate in capacity.

Figure 7 shows the extent of this decrease on the basis of data now
available, The diagram is on semilogarithmic paper, which results in
straight lines for data that follow the laws of organic growth, com-
pound inlerest, and the like. The ordinates show the increase in the
retardition factor according to a logarithmic scale, while the abscis-
sas show the age of the line in years according to an arithmetic scale.

For seversl lines, practically all of which are in the eastern part of
the United States, there are available long records ol periodic gag-
ings. Some engineers believe that the more acid waters of the eastern
States are conducive to decrease of capacity in greater degree than
the generally harder western waters. I this be true, western pipes
are not sulficiently represented in the diagram; hence, only one for-
muls is derived, this being based on the tendency shown by the slant-

1 This publieation voutalos oo extengive bibllegraphy oo eQrrosion,
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ing lines drawn from values of the coefficient K% for new pipes of
various classes.®

K, =K. ¢ (See Table 7, Part A)

In Figure 10 the graphic presentation of formuls 22 in the left
disgram is supplemented by the right diagram, which may be used
where the waters are known to be nonaggressive. Here the change
in the value of K, is taken at ! per cent per year instead of 114 per
cent, as in the left local disgram. For such waters formula 99 has
been modified to read

K, = K,’e*" (See Teble 7, Part B)
TasLe 7.—Vulues of cogfficient K, for any age pipe from I lo 50 years

A L]
perience with | Buggested valusa for water known to be rolatively
oustern waters. Jo =0, e0.0 lnactive, f, = Jofeboon

Hym | Kr= | ge | K - - K=
1323 038 ¢ oM {148 .52 0,34 0.33 0.4

0.345 [ D350 ° 0447
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Pt
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i
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Tz : : 3 B9
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4 Allen Hiizan, io s lotter to the writer, says: “Aga goneral propasitivn I think tho notion thet western
wabors Sre 1mnoes fulol than eastera waters has 0o foundation in Iuet, ™
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K, is the increased value of K,” for a gige { years of age and e is the
Naperian base, 2.7183. Expressed differently, formula 22 may be
sai(]( to indicute that the increase in the retardation is at the rate of
1% per cent a year, compounded." The decresse in capacity is pro-

portional to the change in -Klo_m- (See formulss 10 and 11, p. 16.)

Tahle 7 gives values of K,’for ages of pipe up to 50 years. Iigure
8 .n}aff also be used in estimating capacity ab any age in terins of
inztial capacity.

o
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Age of pipg in yeers
Prarae 8.—Relatlve cnpacity for any ngo of pine from 1 Lo 50 years, assuming capcliy wiennew to he
100 pereent. Uhe A cucve §s hosed on tho deterioration tendeney sliown in Flgure 7, noud oxprossed
in formiges 22 nud 25 The B curve i3 based on forinulos 220 and 230, {Sea pope B mud 00}
Where the rate of increese in K, Is at the rate of 1Y per cent a
year, compounded {(formula 22) then the capacity, @, at the end of ¢
years may be expressed as
— —0.007B0¢
Q= Qoe™ ¥ (233

and for the less active rate of increase in K, (formula 228)

Qz - Qee“""""‘”‘ (23a)
Far both these formulss Q. is the capacity for any age, { years, In
terms of the capacity @ when the line was new.

CAPACITY OF STEEL PIPES

As with all other conduiis, certain losses of head are involved in the
conveyance ol water in steel pipes. For long lines the losses due to
rotardation, ususlly termed friction losses, overshadow all the others.
Attention is called to the discussion of entry heed, velocity head,
air in pipe, ctc., in references (162, 158). The discussion here is
limited to the so-called friction losses.

The comparison in Table 8, based on the coefficients recommended
for the various classes of riveted-steel and analogous pipe, is mede for
{)ipes assumod to be coated with the same material. The ordinary
ap-riveted plate pipe of moderate thickness classed 1bis used as the
basis of compasison, i. e., as 100 per cent, or rated at 100. The same
difference is found at any assumed age. The capacity is proportional

1
to :r"f';"c.szé'

¥ Tresn studies of Bho deta ou decrease In eapacity then avallablo Lo him, Mills {422, p. 222) come to the
tentative eoneiusion thnt tho relaliva vaiuo of the coetliclant of relardution shauld be Inereased 0.7+ £ for
“lar cgated rivoted-steel cordults within 1 ks of feeding roservoir,” and this ineretse should be reduesd
o 812+ O for rortions further dowit strongn.™  'Phesa two curves bro shown I Figura 7 {or ona value of
H oul{ weesely 041 for ecrmperison with the weller’s formuls for thno dateriorabion. It Is o bo potod
that Mls* forminiy pravide for & rapld deterioration duripy tho flrst yesry of operstion, and thid Is boroe
out by some of Lhe datn, aotably thoso for the vast Jersoy Une.  (No. 4.}
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TasLe 8—Comparisen of capacities of new rivefed-sleel and analogous pipes
assuming the capacilty of lap-riveled aleel of moderate plale thickness (classed aa
1b} as 100 per cent

{The snme percentage reintions hold for any given agej

1 Dlfference | Capacity
K,/ | from base | difference Remarks

Per cent
1.863 +0.123 +7.80 | Bheet motal, fat rivets.
L5 0 L Dsed os basis of comparison,
1471 -, 360 —4.48 | Fuli riveted, heavy pintcs,
1410 —, 130 —&.44 | Full riveted, extra heavy,

1. 764 +. 224 1455 | Girth-riveted pipe,

1.821 +. 231 +18.25 | Continuous-interior pipe.

Figure 9 shows the relative capacities of pipes of identical types,
classes, ages, and coatings, and differing only in size.
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Since the friction loss is at present conceded to increase with pas-
sage of time, as a rule, it is not feasible to publish definite tables of
capacity for each size of pipe as was done in the bulletins on wood-
stave and concrete pipe (152, 159). Instead, tables are given
showing values of V9, D, A, and K, for any age of pipe, from
which a rapid solution of formula 9 may be made with the initial
values of K, as modified by formuls 12. ~The diagram on Figure 10
should be useful for preliminary study.® It is usually essier to work
from: the velocity in & particular size of pipe, converting the desired
quantity of water into cubic feet per secondl? and solving the equation

V=A" For each size of pipe studied, solution of formula 8 will give

» Copies of thls dingrmm sizitabia for mounting for dosk usa mny be obtaiped by sddressing the Buresu
of Public Ronds, P, O, Dox 139, Berkeloy, Caollf,
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the loss of head for each 1,000 feet of pipe. If an age of { years i
assumed, values of K, as given in Table 7 may be used.

FACTORS OF SAFETY

Broadly speaking, it is very difficult to forsee the probeble con-
dition of a steel pipe interior 10, 20, or 30 years in the future. The
formulas developed appear to satisiy usual conditions quite closely,
as can be seen from » casual review of column 15 1 Table 4. How-
ever, occasional wide divergences are found between the observed
and the computed capacity. The following [nctors of salety, ex-
pressed &S percentage increases over the designed capacity, are
recommended. Tor example, if 50 second-fect nre required snd a
fuctor of safoty of 10 per cent be used, all computations should be
made on the basis of 55 second-fect. The factors are us folicws:

Five per cent when only a rough approximation to the actual needs of the pipe
is possible, when past experience with steel pipes and a similar water indicates
that the water will nof be unusually apgressive, when the water arrics some
abrasive and high velocities will probably insure & clenn scoured condition af
all times (note the pipes tested by Hamilton Smith), when the line is practicaily
straighil, when conditions of operation are such that no penalty atlaches fo o
slight teck of capacity; 15 per eont for conditions intermediate between those
abiove and those below; 25 per cent when the water is known to be very aggressive,
when the conting is known to be inferior and the line is close to its reservoir,
when the line is very crooked, when n colloidal silt is conveyed by the waler and
veloeitivs helow 8 feet per second are contemplated, when a heavy penslty
attaches to appreciable lack of eapaeity.

Wiere long experience with a particulae water shows positively that littie
decronse in enpacity is to be expected, o rate of increase in the vaives of K, may
be token ns in part B of Table 7.

&
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Continued
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Tasie 8.—Valuer of VI for use in formula H
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TapLe 10.—Values of DU for use in the formula H==K.-g;:;

TECENICAL BULLETIN 150, U. 8. DEPT. OF AGRICULTURE

{Example, d=38 lncbes, is ths equivalent of D=13,167 fask, for which Di-t=3 55 feat)

{For use!{n the determination of V—§ the values ol ares, 4 aregiven. Ford=38inches, A~=7.88 snuare leel)
Dlumater Dinmeter Dismeter Diameter
S Arca o [Ars Ares Aren
ot | A pra [AD Dit | AL Db A
d A d D g D d o
1
tuy, | Fr | R iSe pl e ) Be | B (Se ffl Fms | oI |OFLISY Ins, SR,
4.0 8333 ¢ 870 o6 0] o107 238 Web)| 56.9) 4.687 A4 108, 9 63.02
4.5 .3 . - 87,0] 20250 T44] 3ER) SR A.TED 509 14,0 70.88
RO L7 LaE on gl 2 ouesl 2.5 4280 s8.0) 4,833 560 120, 78. 54
5.5 . . ol 24yl 2oedl 40880 8940 4.917 5. 77 124, 1 86, 50
ﬂ.ﬂl LB00) . . 30.6] & 5000 2.7 4.94 60.0] 5,000 587 1320 05.63
€5 .52 a0l .za0 Ao zesy 2w 524 il 50sy 598 134, 0 1639
0. it . 220 20078 294 5S8R 62.0] 5 187 GO0 4. 0 113. %
7.5 L LD . g0l 2.750] 208 64| e3.0f 5230 6.30 150. 0 1227
8.0 T . i 30 2,933 A 150 0.0 &0] 5.333] 6.3« 156, 0) 18327
a6 . LB . us, 0] 2917 8.5 4.08) 450 5417 &4 1028 431
13 LI - 4 an o 3.000] 3.35) 7.07|| oC.0p 550G ©.52 168. O 5.8
o5 .79 L7iH .wmall 4r.of 5.083 345 T.4TH G7.Qp 5.583 4.63 1.4 165, 1
16, 0‘ gl (g8 sl dwg o7 8.5y 7.88) 68.0) 5047 G674 150.8 .7
wonl ogrs .as3l Jcoih 3mof 3.250 desl 830 40.0| 5750 G6.85 184.4 128.7
1 E.G! ‘o7l Cooo] esofl 4u.0! 3@l 3740 873 TO.0f 5.BIY 6.9 182,10 Wi 1
1L .os8 o5l L2l 40.0] 3.4t7) 3840 BT TLO 597 707 108 2138
12,0 Lo 1000 42,80 3. 5060 3070 .02 72,01 6.00G 7.18 2. 2210
1o Lo83 108 43,00 3 583 4.07 10.08)] 7O 8.167 740 210 240.5
L0 1671 118 o 0| 3667 4 i7 10.56] 7B.G) 6333 7.63 246, 254. §
5.0 L2560 128 $5.8] 8. 750] 4.28) 1L O4) V8.0 6300 B4 212, 264.8
{6,640 1333} 1, 37 40, 0f 3.833] 4. 98] 11. 64 80.9{ 6.607 804 22, B &
1700 1ALT L AT 410l 3.m7) 4.90] 12,05 A% 0f 6,833 8 28 H, 088
18.0; L500) L3 48.0] 4.000] 4.5 12571 84.0] 7. 0001 8.51 240, al4.2
10.Gi L 38 1. 68 40.8; 4.083] 470 1800 B0.01 2,267 B 7Y 2448, 330, 1
20,0 LG0T .75 50,00 4. 107 4.8Y 13.61) 880 7333 8 65 282 . 4
2L D'[ 1,750 1.8 B1.0] 4.2 4.91| 14,19 w0.0) 7,506 @16 258, 363.1
2,4, 1830 LOS 62,0 4.333] 5000 14,750 2.0} T.ou6) 9.40 254 3801
23,01 L9I7| 2 U6 50| 4.427] 5 12 15,300 4.0 7833 G 62 270, 415 5§
2L 2000 214 56 0| 4.500] 5.231 15.00| 96.0f 8.000| ©.85 & 288, 452, 4
25, (!i 2,083 &4 RO 40583 6| B0 IM.GI 8. 0. &%) & 300 4008

ESTIMATE TABLES AND DIAGRAM AND SOLUTION OF TYPICAL PIPE
PROBLEMS

Problem I.—An inverted-siphon pipe is required to carry 3.5
second-feet of water for irrigation ncross a depression 40 feet deep.
The siphon will connect sections of open concrete-lined cansl. The
distance, as measured along the line to be followed by the pipe, is
573 feet. A total drop in water surface between water in the intake
end and water at the outlet end of the siphon is 2.5 leet. Required:
The size of thin-sheet flat-head riveted pipe needed to cenvey the
desired quantity of water when the pipe is 20 years old on the basis
of deterioration as in formula 22.

Design for an overload of 15 per cent as & factor of sefety. Thus
quantity designed for will be 1.15%3.5=4.03 second-feet. Try &
12-inch pipe. From Table 10, the area, A =0.785 square feet. Hence,

the velocity would be 04—:708—35=5.14 feet per second, for which the

velocity head equals to -g:;=0.411. The velocity head and entry

head necessary to generate the velocity
pipe at the inlet end will
1.5%0.411=0.617 feet.

and to get the water into the
be about 1.5 times the velocity head, or
The difference in water surface available for
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he friction loss becomes 2.50—0.617 =1.883 feet. Since the pipe

vill be 273 feet long the loss per 1,000 feet would be é‘§§§=6.90 feet.

The type of pipe required would come under clags 18, for which K,
when the pipe is new is 0.38 but when the pipe is 20 yesrs old would
be 0.513 {from Table 7A). Substituting in formula 9, page 10, the
oss of head per 1,000 feet would be

_ Ve 5.141¢ 22.4 (from Table 9 \ _
H=FK, i =0.513 (ETE—O.5I3 1,000 \from Table 10)— 11.5 fest,
12

which requires more head than is available, hence a 12-inch pipe is
too small.

Try a 14-inch pipe in the same way. The area 4=1.069 square
feet. The velocity will belib%%=3.77 feet per second, for which the

2
velocity head is %7—7 =0.221 feet. The combined velocity and enfry
heads will be teken as 1.5X0.221 =0.331 feet. The fall aveilable for
friction loss bacomes 2.50—0.331 =2.169 feet. The loss per 1,000

feet will be g‘é?g=7.94 feet. Substitution in formula 9, as before
gives

PlLe o 37 12.5 / from Table 9 _ .

14\"
12

Since the pipe is only 273 feet long the actusl friction loss would be
1.47 feet while the fall available for friction would be 2,169 feet.
Thus there is smple margin of safety and & 14-inch pipe of this type
will be slightly oversize. If available, it will be found tha g 13-inch
pipe would satis{ly the requirements reasonably closely. After deter-
muning the fall per 1,000 clleet of pipe available for friction losses, then
any ol the usual problems can be solved by means of the nomogram,
Figure 10.
roblem 2.—A pipe line, to convey 50,000,000 gallons per da{ 20

years henco, for & distance of 10 miles through open country cellin
for kittle curvature, with a total available fal% of 65 feet, is require
fo convey “active” water for municipal purposes. The pressure head
13 between 50 and 100 feet. What will be the required dizmeter of
(1) riveted-steel pipe, (2} lock bar pipe with riveted girth seams?

For the conditions involved assume a factor of safet of 15 per
cent. The required capacity will be 50+7.5=>57.5 million gallons
per day, which is equal to spproximately 89 second-feet. From page
12 it is found that a riveted pipe of cless 1b, having a coefficient of
retardation of K,=0.44 when new, can be considereg while the lock-
bar pips of class 2 will have & coefficient when nesw of E,=0.34.

From Table 7A the valus of #,=0.44 when new becomes 0.504
for & pipe 20 vears old and the value of K, of 0.34 for the new
lock-bar pipe becomes 0.459 in 20 years. Of the 85 feet total fall
avsilable assume 3 feot are to be lost at valves, screens, and maeter,
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This leaves 62 feet for friction losses. For each 1,000 feet of line this
. 62 S e
will be W0=1.174 feet. Substituting in formula 9, page 10:
1.9

1

1,174 =0.504 P or 1.96 D= V1o

_Dl,
From the continuity equation @ =4V =289 second-feet.
Table 11 shows the results of tentative trials of different sizes of
riveted-steel pipe using data from Tables 9 and 10.

Tanus 11.—Tenlative triuls of different sizes of riveled-steel prpe—yproblem £

1.9 D= v

Vb A Remarks

Feet per | Syuare

Ferl : serond
4, 50 : .40 N . Too small.

500 ) 1150 . 3 . Do

5. 50 . 12,78 3. B . .8 | Toa largo,

5.23 X 12,34 X .B | T'oo s10ajl,

542 X 12 64 3. . "5 | Just under 89, Detter use d¢-lnch.

Tn a similar way, for the lock-bar pipe:

10
1.174=0.459 -};—1—1 or 2.56 D''= V' and ¢=AV=_89 as before..

Table 12 shows the results of trials of different sizes of this type of
pipe.

TanLe 12.——Tentative trinls of different sizes of lock-bar pipe—problem 2

d , Z,val)ﬁ'-& v Remarks

|

Feet per
it X aecond

] . & 15,03 4,15 8 -7 | Ton small.
G4 S X L. 13 4.32 . T'o0 lurga.
11 L B8 . 15. 30 -+ 20 3 ) Too small,
044 .17 3 15. i) oM . 5 Just right,

fnches| I
]

For the particular problem stated, the pipe of class 2 has the
advantage to the extent of from 3 to 4 inches in diameter. '

COMPARISON OF CAPACITIES, RIVETED STEEL AND ANALOGOUS
PIPES WITH CAST-IRON, CONCRETE, AND WOOD-STAVE PIPES

Table 13 has been prepared for the purpose of comparing pipes of
various types and malerinls in the important matter of camrTying
capacity.  With the exception of cast-iron pipe all types and materisls
in general use have been investigated by the Division of Agricuitural
Engincering and the tables are based on the results of the investi-
gations. I'rom this table curves can he quickly developed on log-
arithmic paper for a comparison of any sizes of pipes for any coeffi-

cionts botween those listed.  This table likewise permts a comparison
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between resnlts as computed by formulas here recommended and
results us computed by the Williams—Hazen or the Kutter formula.

For pipes of the types investigated in this study basic values are
given in columns 3 to 11, inclusive. The proper value of X, will be
determined by the class and age of the pipe considered, (See Effect
of Age on Carrying Capacity, page 88.) ~ For cast-iron pipe, reference
1s made to the latest recommendations of Williams and Hazen (180,
». 22): ““For new cast-iron pipe 130 (in the Williams—Hazen formula)
remains the appropriste value; but 140 is sometimes reached, and
there is a rocord of one pipe with a value of 147”7 Williams and
Hazen point out that all iron and steel pipe deteriorates ir capacity
with age, and suggest that a fair value for computetion of cast-iron
lines is a coefficient of 100, and for steel pipe & coefficient; of 95,

62210°—30—-7
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The use of the Kutter formula for closed conduits is discouraged
by nearly all present-day authorities on the flow of water in pipes
and channels: however, there are engineers who prefer to use it at
least for comparison. The writer wishes to point out, however, that
the value of Kutter's n corresponding to a 6-inch continuous-interior
steel pipe is approximately 0.009, but when found for a 6-foot pipe
n=0.0124. Likewise, while n=0.015 is about right for a new
riveted pipe 8 [eet in diameter, & value of 0.013 would satisfly the
conditions with the lower velocities in the sams riveted pipe if its
dinmeter were only 30 inches.

In columns 22 to 25, inclusive of Table 13 are found data on
velocities in various grades of concrete pipes. After the writer’s
investigation of the flow in concrete pipe, coefficient and data as
shown in column 23 were recommended for the highest grade pipe
and lined tunnels, but more recent experiments indicate that flow as
shown in column 22 is attained. While no definite data have been
offered as to deterioration in capacity of concrete pipe it is advisable
to provide [or such reduction by means of a factor of safety applied
as n design overload unless previous experience with the particular
water carried shows that no deterioration is to be expected. When
the modern eoncrete pipe line hes attained a reasonable age there
will be more opportunity of settling the question as to the extent of
any capacity reduction. The wood-stave pipe also does not appear
to sustain any marked degrec of capacity reduction from time de-
terioration and the writer believes the data in celumn 26 will be
found to represent within 5 per cent the actual flow in most stave
lines up to 15 years of age.

CONCLUSIONS

There is a material difference in the carrying capacities of steel
pipes. Other things being e&ual, the difference is due to the type
of unit assembly and the field jointa.

Present indications, based on the performance of pipes of various
ages, are that all iron end steel pipes lose capacity progressively when
in use. 'Time slone will determine the extent of immunity atforded
by some of the nower coatings. (This paragraph docs not apply
when it conflicts with the third paragraph below.)

The general term ‘‘riveted pipe” is insufliciently distinguishing
for use in capacity specifications. Plate thickness, type and size of
rivets, and method of making joints all have noticeable influence on
cepacity.

In irrigation use, where pipes are fed by eanal water, extensive
silt deposits may be expected unless scouring veloeities are available.
Tor velocities under about 5 feet per second many ol tha irrigation
pipes of diameters under 14 inches, when tested showed marked lack
of capacity compared with the same types of pipe under conditions
which did not contribute silt deposits.

No deterioration in capacity need be anticipated throughout the
life of a pipe carrying water containing abrasive detritus at velocities
above 10 feet per second. Tt is quite probable that neither conting
nor tuberculntion could survive the erosion. Tlowever, the life of
the pipe would be shortened by the secouring action.
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The capacities of riveted steel and analogous pipes, when new, fit
In with comparable categories of other materials to an extent that
leaves little room for dispute. Future research and improvement
should be directed towardp the retention of the original capacity by
preservation of the coating, which should protect the steel from
chemical action regardless of the activity of the water or the structure
of the steel. Loss of capacity caused by such natural barriers as
débris or silt is, of course, common to all pipes, although plate offsets
and rivet heads offer initial obstructions whick tead to produce such
accumulations in greater degree than in some other kinds of pipes,
other factors remaining equal,

Assuming the capacity of full-riveted pipe with plate less than
one-hall inch thick as 100 per cent, then continuous-inferior pipe
(class 3) without rivet heads will carry about 18 per cent more, and
girth-riveted pipe, but continuous on the straight séams (class 2),
will carry nearly 15 per cent more. Witk the same base, thin-sheet:
(gauge-metal) pipes with flat-head rivets will ¢arry 8 per cent more;
heavy plate pipe of cylinder or taper joints will carry about 4 per
cent less; and heavy plate, butt-strap pipe will carry about 8 per
cent less,

ACENOWLEDGMENTS

The writer desires to acknowledge indebtedness to the various
engineers and managers of irrigation, municipal, and power systems
who permitted and sided in tests upon the pipes in their charge.
Acknowledgment is also made to the engineers of the United States
Bureau of Reclamation for active cooperation. Where data have
been secured from other sources the necessary references are given
in the literature citations.

APPENDIX 1

The following pages are devoted to abstracts of descriptions of
experiments made by agencies other than the Division of Agricultursl
Engincering, Bureau of Public Roads. The number bofore each
descriptélon refers to the correspending numbers in column 1, Tables 1,
2, 3, and 4.

FULL RIVETED PIFE

Ne, 2, ~7.71-Inch wrought-iron riveled-sheet pipe—Paris, France (353 159%; 67; 122, P 135y —Capacity
“+El.4 per cent

This line of pipe, 365.3 feet long, was tested when new by H, Darey, in 1851.
The pipe units, ehout 8.5 feet long, had been bitumen eonter before beingr joined
with screw couplings, ‘The material was smooth quulity sheet Iron, slightly
tapering, with longitudinal scams held by rivets 8.2 ineh in diameter.  Quantity
of water was determined by a calibrafed lank and loss of beac by mereury
manometers.  This line and line No. 10 are classed as full-riveted on the assump-
tion that retardation effects of exposed serew throads ab the soetion joints would
approximate those of u band of flathead rivets. Cn this assurnplion the capaeity
wus more than thut called for by the writer's formula.

Nos. & and 5.—Riveted-gheet steel plpe—Huneal Dam, Sosora, Mezico (78, p. 600 —Cagaelly —14.9
per cent for M0-inch pipe, and —5.4 per cent for S-inch pipe

A new pipe line between reservoir and mill tanks af Nacozarl, comprising
1.13 miles of 8-inch und 1.78 miles of [O-inch riveted pipe of ld-pauge steel
sheets, asphalt coated in 20-foot sections for the lower 3,600 feet of the 10-inch
pipe and 10-foot sections for the rest,  Buried tengths were connected by driving
slip joints efter the conting nt the joints had been heated hy burning kerosene.
Lxposed lengths were flange bolled, the flanges being riveted to pipe sections.
Capacity ivsts were wnde by H. Hawgoud when the line wus new, Velocity
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was measured by color {(pobassium permangarate) through both 8-ineh and
10-inch sizes and finally checked by volumetric measurement in mining tanks
at the ond of the fine. The difference between highest and lowest determina-
tions by these wmethods is 1.33 per cent. A study of the retardation elements
for these two pipes shows & very marked friction loss as comparcd with other
{hin-shect new pipes, this being especinlly true of the 10-inch line.

No. 9.——i1-inch Inp-riveted sheet-lion plpe with ilaper joinig—North Bloemfield, Calif. {158 153,
p- 2#1y—Capacity 3.1 per coent

In 1876, Hamiiton Smith made tests of the ca soity of thres pipes in the
snine trench. These lines, about 11, 13, and 15 inches in dinineter, respectively,
wnd abont 700 fect long, were tested when § yoars old.  All were of sheeb iron
from 0044 to 0.078 inch in thickoness, single riveted in the shop in lenghhs
ahout 20 feet long, then inunersed in a holling bath of asphaltum nod cousl tar.
Figld joints were made by iosertion of the smuller end into the larger end of
20 Moot lengths, stovepipe fashion. When tested the rivet heads were worn
smoother than when new.  Interior surfnees were quite smooth and practicaliy
free (rom rusl. Tho three pipes were laid side by side across n sharp ravine
with the outlet tank about 25 feet below the box at the inlet.

The ynaolity, @, was determined by o calibrated weir, some 600 feet by
diteh, from the outlet. The maximum discharge wus tested while $he pipes
wero in prdinary use.  Lesser veloeilies were wbtained by continuing the outle$
end of the pipes by similar pipe units, on the same general rising inclination as
that leading fo the oullet tank. This uf course deerensed the total loss of head
and henee decrensed the fow.  Elevations were determined by two level Hnes care-
Fully ron fron head watee to tadl witer and loss of head deterinined affer making
allowance lor velocity rad entry heads,  Pipe dirmeters were found by measur-
iug some 14 clreumierences at cquidistant points with a steel fupe and malking
cilowanee for shell thickness bub not thickness of coat, given as possibly 0.001
foot, Water surface clevations in inlet and cutlet pouls were read to 0.01 foob
purtly and 0.005 foot paclly.

No. 18.—11.22-Inch wroaght-lron riveled-gheot pipe—Conduit No. 18, P'aris, France (35; 159; 67; 122,
p. L35)—Cupucity +5.3 puc coent

This line appesrs to bave been of {dentieal canstruetion with No. 2 abave,
excoph that the pipe units tapered to » dinmeter 0.04 foob loss at one end than
at tie other. The fests were condueted by . Darey in & similar manoper fo
that already described.  {p. 108

No. 1t—-13-inchk lap-riveted gheet-iren pipe. loper jeinis—North Hlsomiteld, CaBf. (I58; 159, p. 241;
£71—Capecily +3.3 por cend

One of three pipes described under No. 9 above, The capacity is in accord
with Lthat of Moo B

Na, 13.—l4-fnch lpp-riveied steel plpe, cyfinder jminla—New Woeatminster, Nritiah Columbin {79,
pp. 77, 8#0; 84: 8i}—Cuapucity —20.4 per cend for Mo, 13 and —13.5 per cent for No. lin

Testt are reported by A, ML, awks, covering two ohservations oo the
water supply trunk line for New Westiinster, British Columbiz. This steel
pipe was 70,700 feet long; eylinder joints; Lt foches inside diameter of smaller
catirse; hat asphalé dippued; viveting double in slraight seams, single in girth
sonms, 42 Tnches apnrel, forming complete ring around pipe one-foursh inch less
than inside pipe shell; vertieal and horizontal atignment practically straight.
Posts woere made in Aprit, 1586, and Febroary, 1809, when pipe was 3 and 6
vears ofd, resoeetively,  Quantity of waler lweasured by weirs, checked by rise
in roservoir,

Test New 13 was made nb velocitios less than 1 foot per seeond.  This faot
probebly eansed difficulty and error iy measurements as the resultiug capacity
was mueh leag than it should be

No, 16, —L-inch lnp-riveted sheet-iron plpe, taper juinta—North Blaomhcld, Colif, (158; I59, p. 241)—
Caopaeily 4-7.2 per cend

One of three pipes described uuder No. 9 above. The capacity iz slightly
tore than thab of the other pipes in the treoch.
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No. 16,—18-inch riveted-sieel pipe, cylinder joints—Antoria, Oreg., city enpply (57, p. 1; 88, p. 20)—
Capaclty +0.3 per ceat

Tests, reported by A. L. Adams, were made shortly after the completion of
the supply main for Astoria, Oreg., consisting of 19,131 feet of wood stave and
16,417 fect of steel pipe. Inside dinmeter of the smaller courses was full 18
inches. Sheets woere 4 feet long of 10-gauge and 12-gauge metal, Hot asphalt
bath was applied after all riveting, Field girth joints were leaded under sleeves.
Straight scams were double riveted and shop girth seams single riveted. Ca-
pucity tests were inade of both stave and steel lines. Slope was determined
by elevations of water in open standpipes 35,647 feet apart, the loss simul-
taneously determined in the previous 4,188 fest of stavc pipe being deducted.
Quantity of water was determined by uniform rise in the reservoir over o period
g 18 hotrs. The long resch and high velocity should have given a very good

5t

No, 18,—17-luch Iap-riveted wrought.lren pipe, Texas Creek, Calif. (158, 159)—Capacity 49.2 per cent

This pipe, experimented upon by Hamilton Bmith, was constructed of [4-
gauge to 9-gouge wrought-iron shieets, double riveted in the long seams into
sections about 20 feet long.  These sections were put together in stovepipe fashion
for 1,350 feet; on the remaining 8,090 feet an inner sleeve and outer band, with
lead between was used.  The line was laid in 1878 and fested in 1878 and 1879,
while carrying clear mountain water. It was unusually heavily coated with
asphaltum and coal tar. The inner surfree was described ns appreeiably rougher
than those of Nos. 9, 12, and 15, The length was measured twice. The interior
diemeter wns nccurately determined from many measurements as 1.416 feet.
Loss of head was taken as the difference in levels between two water tanks,
303.62 feet, corrected for entry and velocity losses. The grent loss of head caused
& velocity of over 20 fect per second. Hor the 1879 test, deseribed as the more
aceeptakle, quantity was determined by flow over a 5.5-foob weir at the intake
end of the pipe. The high velocity would produce a sinooth interior, conducive
to o high capacity.

No. 2].—18-inch riveted-steel pipe, taper Joints—Farce main to Solnno Reservalr, Toa Angetes,
Calil.—Capacity —4.2 per cent

In correspoendence with the writer, J. B. Lippincott reports an exeellent series
of observations on the capacity of the linc frem Buona Vista, pumping station to
Solano Reservoir.  The essential details follow, Pipe was laid in 1901 and fested
in 1609, It was made of 18-gauge sheet stecl, riveted in tuper joints, and prob-
ably enated with asphalt dip. “Fhe line bas one bend of 90° on 4 radius of 3 feat,
% inches, nnd other bends of the common elbow type of 62°, 43°, 47°, and 10°,
respeclively.  The quuntity, £, was determinerd by displacement of pump, 1
per cent being dedueted for slippage, although this was known to be practieally
negligible, Toss of head was mieasured from a point 40 feet heyond the pump to
the reservoir 3,150 feet distant,  Various observations showed thab tho ump
disehuirge held steadily bhroughout the measurements. My, Lippincott says:
“The [acilities for ohservation were exceptionally favorable as there are no out-
lets from Lhe main and the level of the water in the reservair, into which the pipe
wus diseharging, did not fuctunte more than an inch during the whole time of
the test.”

No. 23-24,—24-inch top-riveted wrought-iron pipe. exlinder Joints—Hembock Lake condult, Rachester,
N. Y. (140, p. 20; 86, pp, 13, 30; 117; 444; 122 P 2003)—Capacily —17 to —20 gper cent in 180 and
—1G6 per cent In 18%1

Fourteen years after the construction of the first large riveted-metal pipe in
the eastern Stutes, G. W. Ralter made capacity tests to ascerfain the chaoges
which had tnken place sinee its construction in 1876. (S3ec No. 180, p. 121.)
The cssentials of his test were as follows. Quantity wns determined by the rise
in the reservoir and loss of head by water piczometers on n reaeh 1,901 feet long
ant by Bourden-type puages on o rench 10,541 fect lang. Results were based
on o discharge of 6,742,000 gallons per day, These tosts were important as being
Lhe first showing either greut decrease in capacity, or that the 1,876 tests were
very inaceurate (86, p. 13). One year after the Rafter test a similnr tost on o
3,327-foot reach of the snme pipe (No. 24) was reported by Kuichling (117).
The retardalion factors found showed a Lixher capacity than thosc of the year
beforu,
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No. 25.—25.8.inch lop-riveted wrought-iron pipe—Humbug siphon, North Bleomfeld, Calif, {I58;
158, p. 241; 87, p, I40)—Capacily 416 pur eent

Contemporary with She riveted wrought-iron pipes laid in San Froncisco
{Nos. 28-29), were similnr pipes which conveyed much of the water used in hy-
draulic mining. Hamilten Smith macde tests on several of them befween 1873
and 1877. The Humbup pipe line consists of & double-barreled inverted siphon
across Humbug Canyon, leading as & msin supply line to North Bloomficld mine,
Calif. The pipes were each nominally 28 inches in diameter, of sheet iron only
one-sixteenth inch thick, seamed with o single line of light rivets which formed
little obstruction fo the flow of water. There were no sharp bends. The pipe
was laid in 1868 after being coated with hot asphaltum and coal tar. The tests
were made in 1873, Quantity was determined by flow through apertures, with
compuied velocity checked by timed velocity of wood blocks nnd stones. The
test was not given full weight by Smith, who questioned the quantity determina-
tion. The high velocity insured & polished interior, as indicated by the excess
capacity.

No, 26.-—3-inch tap-riveted wrought.iron plpe—Cherokee siphon, Californla {159, p. 237: 67, p. 136:
%, p. 58; 127, p. 181}—Cupacity +10.3 per cent

An examnple of the bold construction in the days of hydraulic mining in Cali-
fornia is found in this leng siphon pipe made of sheet iron but operating under a
maximum pressure head of 887 feet. Hamilton Bmith reports tosts he made
when the Hne was § years old.  The elements of these tests follow. The line was
24 miles long, conveying water for mining purposes across & canyon. Pipe was
double-rivetecd 16-puuge sheet iron, coated when new with boiling asphaitum
and coal tar. Jb was iosted for capacity in 1878, the guantity of flow being
determined by Now through “standard orifices.” ILength and loss of head were
ascertained by engincers of the company owning the pipe. At the time of test
the interior surface was very smooth except for rivet heads which formed * note-
worthy obstructions'’ for over balf the length.

Because of hipl velocities and ciean scoured eondition the excess capacity may
be taken as verificntion of the formula for average conditions,

No, 27.—30inch riveled laminaled wrought-fven Baden-M d line, Spring Valley Water Co., San
Yrancigen, Calif, (138}—Capacity, —1.4 per cent

Tn 1611, J. N. LeConte of Lthe University of California made gaugings on many
of the srunk lines of the San Frapeiseo supply. These measurements are of
especial value as they covered very long reaches of old pipe. Some of these pipes
are among the oldest sheet-nwtal Hnes of large size in thie country. They were
all dipped in refined nuturat asphalt. The detail measurements of some of the
gaugiugs are not now availsble as bhe original nofes can not be loeated. The
others are guite compleie and the presumpbion is that the same methods of testing
were used fhroughout.,  As it is possible that complete figures will be availnble
at some future time it is thought best to include meanger data ab this time and
thus reserve space for additions! elements. In these tests the quantity was
determined by pitometer traverses aeross two diameters. The loss of head was
found by tested gnupes of the Bourdon type. 'This reach of the Baden-Mereced
ling, was 5 miles long and approximately & vears old at time of tesi.

No, 28,—d0.inch San Andreax fine, Baden to Colege HHI, Spring Yalley Water Co., San Francieco,
CudH.—Cupaeity +25 per cent

See Nu. 27 for genernd notes.  This ling, laid in 1870, of 9-gauge and 11-gaune
sheets, shows values of A,=:0.44 and C, equal to 110 after 42 yeurs of service.
This i3 a remarkable showing for cither the efficiency of the original coating on
this metal or the nonuperessive qualities of the water carried,

No. 24.—-30-inch riveted lnminsicd wrught-teon pipe—Pllarcitos line, Daly Hill tv Laoke Henda,
Spring Yulley Water Co., Callfernin {36}

See No. 27 Tor goneral notes of the LeConte tests. This line was 1 mile long.
At 47 years of nge the value of €y was 21.5, which indicntes much more deterio-
ration with age than does No. 28 nbove at 42 years,
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No, 30.—33-Inch rivetod-stee] pipe, cylinder joints—Ball Run cenduit No. 1, Pertland, Oreg. (150
116, p. 503)—Capacity +5.8 per cent

I W. Smith reports testa on cast-iron and riveted-steel pipes from 24 to 42
inches in dinmeter. The riveted sieel portion of the line extended from the
source in Bull Rua River to & reservoir near Willamette River. Tests were made
in 1896 on three sizes of pipe as follows:

inl
Siza | Length | Beds | 1ot M g

Feet @
34,178 85 44
39, 820 141 782
50, 495 25 1,033

Quantity of water wns measured aver a weir 4t the intake eund of line, and also
hy the rise of the reservoir surface. The pipe was all made of 60-inch sheets
with eylinder joints, double riveted on Btraight seams and single riveted on girth
seams.  Size was computed on the basis of interior dinmeter of smaller rings.
Shop units were coated with hot asphaltum, which rounded olf the exposed
eclgcstlof the rings. Both the 83 and 35 inch lines were built of No. 6 steel (0.203
inch thick).

No. J2--35.Inch riveted-steel pipe, eylloder Joinis—Bull Ron supply main, Portland, Orez. (I§0;
118, p. 503)—Capacity 9.1 per cent

For detsils of tests by I. W. Smith see No. 30 above.

MNo. 38.—3E-inch lap-riveted stoel pipe, cylinder joint—Belleview to South Orunge Avenue, Newarlk,
N. J1. (88, p. 32)—Capacity —1.3 per cent

General data under No, 58 apply also to this pipe. 1% is a 5-mile inverted
siphon across a valley, mostly in aity streets. All is of Y4-inch steel plate. Thera
are six eurves with radii of 83 feef or less; ail well rounded and smoothly fin-
ished. No. 350, & single run taken when the pipe was 4 years old, indieated the
usunal decrease in earrying capaeity. The results agree very closely with the
writer's formula when type, class, and age of pipe are all considered.

No. 37.—36-Inch riveted laminated wronght-icon pipe—Alameda pipe line from Niles to Belmoni—
Hpring Yalley Water Co., San Francisco, Cal, (L36)—Copacity -18.5 per cent

See No. 27 for genersal notes of the LeConte tests. This experiment was cor-
ried out in 1911 on a reach of 114,400 feet from the beginning of the lne to Bel-
mont, Calif. The pipe was made of 7 and 9 gauge wroughi-iron plates laid in
1887-88 and was still in good condition in 1925, exeept 2 miles through swamp
land. The test included 6,467.5 feet of San Franciseo Bay-crossing pipes, two
pipes each 16 inches in diameter, and two each 22 inches, of ¥-inch steel tubing
with bali-nnd-secket joints,

No. 38,—36-inch riveted-lron pipe-—Alamedn pipe line—Spring Yuoltey Water Co., San Frunclaeo,
Calil. {136)—Capacily 49,3 per cent

See No. 27 for general notes of the LeConte tests. This pipe, & portion of the
20-mile Alameds line from Niles to Belmont, Calif., was luid in 1887-88. It was
made of 9-gauge wrought-iron plates.

No. 39.~—36-Inch riveted wronght.| pipe—Cendult No. 1, Rocheater, N, Y. (I48, p. I4; 118: ITM;
122, p. 263

Rochester, N. Y., was one of the first eastern cities to install a large riveted-
gteel pipe for munieipal supply. Conduit No. 1, from Hemloek Lake to Rush
Reservoir, wns built in 1873-1875. Condult No. 2, built in 1893-94, nlso eon-
veys water between these reservoirs and extends around end beyand Rush
Rescrvoir, n distance of nearly 9 miles, to Cobb’s Hill Rescrvoir. Its intake end
is in White Bridge overflow chamber, some 12,000 feet from Hemlock Lake via
a briek conduit,  Coaduit No. 3, built in 1914, extends from the overflow men-
tioned to Cobb's Hill Reservoir, with a pipe connecting to Rush Reservoir as it
passes. in discussion of these conduits *'sonthern division” should be under-
steod to cover the distance from Hemlock Lake to Rush Reservoir, and “north-
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ern division” the distance betwecn Rush Reservoir and Cobhk’s Hill Reservoir or
Mount Hope Reservoir.

The Rafter and Kuolehling tests, listerd as numbers 39 and 30s, were on part
of the compound pipe consisting of 50,776 feet of 36-inch wrought-iron riveted
pipe ab the intake [rom Hemiock Lake to air valve No. 53; then 15,500 feet of
94-inel wrought-iron riveted pipe; then 35,772 feet of 24-inch east-iron pipe to
Rush Reservoir.  This line, now anlled conduit No. 1, was firsh tested for capac-
ity when new. Quantity was determined by the rise in Rush Reservoir, aod lev-
els by differcuce in clevation of water surfaces in ihe two Teservoirs, (Sec No.
150 fur further cornment.) Deductions possible apply only to the compotnd line,
us local losses were not determined,  After 11.6 years tests were again mnade and
a great reduction in capueity was noted. From 1897 to 1920, many tests were
inade at varying inlervals, on the ronch extending from Hemloek Lake to air
valve 53, thus sovering only the 36-inch pipe. This pipe was mace of He-ineh
plates und conted with tar, The reach had at least 68 abrupt anples or clbows
ranging [rom 5° to 40° nnd 37 air valves. The indicabed capacity for the reaches
of conduit No. 1 was appreciably below that called for by the wrilter’s Tormuis.

Mow. 40 and 41.—33-inch inp-riveted steel pipe—Conduit No. 2, Rochester, N. Y. (101, I16}—Cupacily
6.7 per cent for 1546 runs and 154 per eent for LEYT riuns

For general notes on the Rochester mains see No. 39, In 1896 and 1897,
To. Kuichling made capucity tests b various velocities for u reach in the Hmiddle
section’” of Che new conduit nearly 9 wiles long. This pipe was constructed in
1803-94 of }« to 33 inch plates. In 1804, tests were conducted by (iming the
rise in Lhe rescrvoir ever periods of from 8 to 26 hours. Allowanee was made
{or evaperalion and leakage. The luss of head was measured by mereury col-
umis correcled for temperature. The resulting values of Chezy’s ¢ are nob
congistent, and Wuiehling colls these obscrvaiions "fonly approsimute.”  For
s reasun Lhe obscrvations have been given a O rating. However, gimilar
tests run in 1897 ore described as Cmade with the utmoest eare” and it is nuted
ilint the reinrdstion fnctors arc reasonably consistent.

No. A2 —138-inch lap-riveted sieel pipe, cylinder joints, southern divigion, conduit No. 2. Rochoester,
N. Y. {({t6; i, pp. 62, 667 120 —Capucity +9.3 per cent

Sec pipe No. 39 for general cdeseription of luyoub of Rochester conduits, This
portion of conduit No. 2, from White Bridge averfiow to Rush Reservoir, 17.3
iniles long, was mude of plutes one-fourth to threc-eighths ineh thick, luid in
1804-04, This reach was gatired by the water department of the eity of Rochester
onee or oftener each yoar from 1897 to 1020, The guuntity of waier was de-
tormined by the rise i the reservoir aver periods ranging from 3 to 12 hours.
These tests, 28 in number, showed a gradual deercase in capacity. lu order to
gave space and make this tendency Lo decrease more apparent, these tests are
grouped (Table 13 into 5-year periods, vilues of all functions and retardation
factors being averaged after the lalter wore computed for ench individual test.
However, in Figure 7, showing the deteriorstion in capacity of various pipes,
the individual values are plotted.

No, 43.—38-inch lap-riveted steel pipe, cylinder loints, norihern divisinn, conduit No. 2, Rocheater,
N. Y. (1i6; 144, pp. 62, 65 132)—Cuapucity 4.2 per cent

See pipe No. 39 for general ayout of Rachester eonduits. This portion of
condnit No. 2, from Rush TRascrvoir to Mount Hope Reservoir, 8.6 miles long,
of plates one-fourth to three-eighths inch thick, was lnid in 1893 and 1894.
The city of [ochester made periadie gaugings, 27 in number, and the resulting
dafu are grouped as descrined tinder No, 42 above, The duration of the test
periods ranged from 4 o 10.8 hours.

1

Nu. Ad,-~3A-inch iap-riveted steed pipe, erlinder joinls, northern division, duit No. 2, R
N. Y. (fig; 14, pp. 62, 65)—Cupncity +5.8 pes cent

See pipe No. 39 for general layout of Rochester conduits. This portion of
ponduit No. 2, from Rush Reservoir to Cublb’s Hill Reservoir, 7.7 miles long,
wis made of plate vne-fourth to three-gighthy inch thick. During the perind
from 1012 to 1920, the city of Toehester made vight gaugings cach covering a
periud of Tour Lo seven hours.  The resulling data are plucetd in two Eroups us
deserilred under No. 42 sbove.
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No. 45.—42inch riveted-atee! pipe, crlinder joints, Bull Ron conduit No. 1, Pertland, Oreg. {160;
{16, p. 303)—Capacity 48 por cent in 1596 ond 224 per cent in 915

For detsils of tests by I. W, Smith see No. 30 above. The 42-inch part of
the line way constructed of metal 0.185, 0.234, and 0.375 ineh thick. In August,
1915, another tost of this portion of conduit No. 1 was made by F. M. Randlett.
(No. 450.} The line was then 21 years old, but the retardation coefficients
showed Uttle inerease in the roughness of the pipe. The indications are that
the water conveyed in the Por‘iend mains is distinetly nonaggressive. The
writer is indebted to B. 8. Morrow, engineer for the bureau of water works of
Portland, for data covering the test by Mr. Randleit.

No. 46.—42-inch Jap-riveted steel pige, fancr Juint—Eearney extensfon, Newark, N. J, (88, podn—
Cupugity—2.3 per cent

Ceneral data nader No. 58 apply to (his pipe slso. This line was 55 per cent
of ${s-inch plate with the balanee about equally divided hetween ¥ and 3§ inch
plate.  Herschel comments Lo the effect that the inferior coating was ““unusually
smootih.”

Nos. 47 snd 48.-—42-Inch lap.riveled stecl pipe, laper Inint—condait Ko, 2, below Pomptan MNaich,
Newark, N. J. (86)~—Capacity within 2 per cent of formuln

Some five years after the construetion of conduit No. 1 {No. 58) a second pipe
was laid nlongside it. Above Pompton Notrh the new line was of the same digm
eter, 48 inches, but below the noteh the size was decreased to 42 inches. The
type of construction was changed from cviinder courses to taper courses. The
42-inch linc is some 55 per eent of yy-inch plate and the balince nearly all of
bis-inch plate. Presumably the other daia regarding all capacity tests and coat-
ing can be lound under description of No. 58 on page 108,

No. 4%.—Fl-inch tuper-jeinted riveted-stect plpe—Crystal Springa condoit, Los Angeles, Callf.—
Capacity -+8.5 per ceat

This pipe, extending from Crystal Spring settling basin to Buena Vista tunnel,
2 total length of approximately 18,000 feet, was laid about 1889 to supply do-

mestic water to the eity of Los Angeles. In 1018, E. A. Bayley conducted tests
for retardation losses over four sections of this line, as follows:

¥ 7 7
|

n re Laocation Fect . Remarks

!
I}
498 | Settling basin to manhols No. 7 ' 4011 * Perfectly straight.
40b | Manhalo No. 7 to manhola No. 1,654 8 : A faw bends.
dfie - Manhola No, 8 to manhinle Mo, ¥
4bd ! Manholo Na. 0 to manhole No. §0.

49 | ‘Total, setcling bastn to manhele Ne. 10...

Throughout the reach the line was under slight pressure, the water rising in
cach manhele ta the hydraulic gradient. Lines of checked levels were run he-
Lwveen ends of the reach and Lench marks established directly over cach paint
of ohservation.  BEvery few minutes throughout the four hours of test, the cleva-
tion of the water sucface in the manholes was determined rom these datum
points.  The surfnee and henee the fow remnined quite constant throughout the
rin, the greatest varialion being only 0.04 fuot, and this in but one reading. The
quaniily of water wns determined by 24 scis of five observatlions each with &
recenily-rated cup-lype enrrent meier,

The retardation coeflicients, as detormined From these ohservalions, are not
consistent.  The first reach, No, 493, was oo short for a good test. The toful
ioss of heac between water surfaces includer! eniry and veloecity heads, which
involved more than 30 per cent of the total.  However, these items as measured
checked with the theoretieal entry and veloeity heads. The coefficients far this
redch indienie the smoothest section of the pipe. Usually the initial renches of
pipe, just below o reserveir, shuw Lhe greatest losses

Mlure welght should be given the longer reaches of pipe, where the gross loss
of head nvershadows experimental errors, especially as mensurements of loss
were only tnken to the nenrest hundredth foot.
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Mo. 58 —Ad-Inch 7iveted-stee]l pipe—San Andreas pipe line—Bpring Velley Water Co., San Franclaco,
Calif. {136)—Cupacity -+15.2 per cent

Sce No. 27 above for goneral notes on the LeConte tests. This line made of
Yi-inch iron pintes, extending from San Andreas io Baden, a distance of 29,000
feet, was Inid in 1888, Test was made on a portion 19,100 feet long.

No. 51.—ii-inck riveled laminated wrought-ivon pipe—Crystal Springs pipe line, from Millbrae to
Slerms Pulnt—Spring Valley Water Co., 8an Francisco, Calif. (136)—Capacity +4.5 per cent

For general notes on the LeCoante tests see No. 27 above. The qusntity of
flow was measured over a 13¥-inch weir at University Mound and loss of head
determined with tested pauges of the Bourden type. This line was 18 miles
tong, made of No. 6 and No. 7 wrought-iron plates, and was Iaid in 1885. It
still gives good scrvice {(1925).

No. 52.—d4d-Inch riveted laminnoted wrought-iron pipe-—Cryatsl Springs Hne, from Sicrra Point 1o
Untvernity Mound—Spring Valley Water Co., Sun Francisce, Calil. (T26)—Capucity —G6.5 per cent

For general notes of the LeConte tests see No. 27 above, This is another
piry of the 18-mile line listed above (No. 51). Although the two parts of the
line are of the sume age, No. 52 shows the lesser capacity.

Nes. 53 1o 57.—47-inch riveted-stee! pipe, Esat leracy Water Co—Varlour periions of conduit No. I,
below Pompton Motch, Newark Supply Main (86, p. 27; 122, p. 2tn)

Deseriplion is similar to that of Ne. 58 below, excepd that this reach of 16
sniles is tess broken and the pipe is onc long inverted siphon, ali below the gradient,
bul crossing two high hills.  Reunch No. 53 is mostly of i4-inch plate. About
half of No. 54 is three-eighths inch thick and a third one-fourth ineh thick. No.
55 is mostly h-inch piate.  Tlalf of Ne. 56 is ki-inch plate and the balance of
%y and Seinch plate.  Two-thirds of No. 57 is lirinch plate, and the balance
divided belween s and 3% inch plate.

Eleven vears after the tesls just deseribed were made Thaddeus Merriman
experimenied upon o reach of the same line about 9 miles long (67z2). No com-
menk wos made regarding the condition of the pipe interior or the methods of
test, but they aro probably similar to those mentioned under the other Merriman
tesls of this water system, (Sece No. 58 .

A study of the last column in Table 2, for this scries of numbers, shows that
the capacity depreciated abont in accordance with formula No. 12, page 10,
and the agreement with the writer’s capacity formuls is quite close with a few
exceptions.

No. 68.—if-inch cyfinder.joint, Iap-riveted stect pipe—Conduit No. 1, above Pompton Noteh, Esst
yJersey Water Co.,, Noewntk, N. §. (857 86, p. 27: 122, p. 208 —Capacity at 1514 years, —13.9 per cent

Soon nfter the completion of the second large riveted trunk line in $he eastern

art of bhis country (No. 39 was said to be the first), tests were conducted by
J. Waldo Smith, then assistant to Clemens Herschel, who reported these and
other tests to the toial number of 115 (86). The line was constructed of lap-
riveted plates from one-fourth to three-eighths inch thick, rolied into cylinders,
alternately targer nnd smaller, which were dipped in asphalt. Plate edges were
beveled, and rivet heads, driven in both shop and fleld, were well formed. All
bends, both vertical aml horizontal, were made with one of four predetermined
curves. The maximum radius was that of a 10° curve—573 feet. The reach
shove Pompton Notch, more than 5 miles long, extended [rom station O fo
station 30%. The inajor portion of this reach was experimented upon in 1892
and 1805, Smith measured the flow Wwith Venturi meters and the loss of head
with tested gauges of the Bonrdon type. These gauges are acceptable for very
long reaciies of pipe bub are not gradusted fine enough for short reaches.

Tleven vears after tests reported by Herschel, an additional experiment was
made by Thaddeus Merriman. Nearly the same reach was tested (MNo. 58¢c).
Quantity was measured by Lhe old Venturl meter, after the throat had been
ggzlnicd of deposits of orfianic growth from one-eighth to three-fourths inch

ick.

No. 58.—48-inch tnper-Joint rlveted.steal plpe—Conduit No. 2 (sbove Fomplon Notch), Easl Jersey
\’:’gter Coh, Nuw Jersey (86, p. 28; 122, p. 216)—Capaclty when new, —§&.1 per cent; when 153 years
old, —12.& prr cent

For guneral deseription of tests reported by Herschel, see No. 58 asbove.
Reach No, 59 was pub in use in 1898, parallel to conduit No. i above. Note
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that & change was made from cylinder to taper joints. Sinee this test and No. 58
were hoth made on new pipes of about the same size, laid parallel, it would
appear that they should give comparative data on the cylinder and taper juints.
If the average values of retardation faotors be taken ab faee valus it appenrs
that the pipe with taper joints carries only 92 per cent as much water as the pipe
with eylinder joints. However, a comparison of the tests made in 1807 by
Merriman indicates that the cylinder-joint pipe {No. 58} is slightly below the
taper-joint pipe (No. 59} in relative capacity.

nieven years after tests by Herschel, listed as No. 59 above, a series of four
tests was wmade by Thaddeus Merriman (June and OQctober of 1807, No. 59a).
The June tests eovered a reach of 28,535 feet and the October tests n reach of
24,641 feet. The pipe was very rough, the tubercles ranging from 25 to 40 per
square foolt. The deepest pitling was about one-sixteenth inch. Before the
tests the meter was cleaned as deseribed for No. £8c.

No, 60.—52-Inch lap-riveted plpe, taper-Jolnt siphon, main sopply conduit, Los Angelea city waler
works, Calllornia—Capoclty +8.7 per cent

In correspondence with the writer, J. B. Lippincott reparts details of a test on
a siphon in the main supply pipe that had heen in continuous operation for 5
years {112, p. 81). It was builk of three-sixteenths-inch plate with taper joints,
eech 4 feet long. Straight seams were double riveted and girth seams single riveted.
The piteh of the flat-hended rivets was 1Y% inches, Dinmeter was one-eighth inch
scant ub lap or girth seams. The developed length of the siphon was 3,666 feet,
with o meximum sag of 65 feet helow the hydraulic gradient. Loss of head
between water surface at intake and outlet, as datermined by checked lines of
levels, was 1.84 feet. No corrections were necessary for velocity chenges or
enéry head.

Ne. 8L.—fiisInch riveted {aminnted wrought.jron ploe—Alameda plpe Hne, Spring Yalley Water Co.,
San Franclsce, Calll. (J36)—Capacity +5.1 per cent

See No. 27 shove for general notes of the LeConte tests. This line, of nine-
thirty-seconds-inch plate, was laid in 1603.

No. 62,—5%-inch riveled-stecl pipe—Munroe pengtock Wo. 1, Muanree Mill, Maaa (£22, p. 22—
Capachly —7.3 per cent

These tests were made on a line described by Mills as the "roughest tar coated
plate iron pipe which the writer has seen.”” The original diameter was 4,96 feet,
but Chis had heen contracted by tubercles, after three years, to 4.925 feet. The
penstock originally was coated “with some coal-far preparation.” Mills sup-
plics no descriplion of plate thickness, method of jointing, or rivets. Plush
piezometers set 200 feet apart, brought water columas to gauge glasses beside a
single scule, by means of smell copper tubes. Quantity was mensured over a
weir below the outlet. The resulls of this series of tests were remarkably con-
sistent for such a short reach on a large pipe.

No, £4.—72-ineh taper-jointed riveted-sieol pipe of Jerwey City Water Co., New Jercay (122, p. 217)—
Lupucity when new, +6.4 per cent—at 2 yenrd, —2.7 per cent; at 5 years, —15.6 per cent; ond ot
13 yeurs, —8.86 per cent

T'his series of tests was made on a reach 9.3 miles lorg. The pipe was made of
plates from five-sixtecnlhs to cleven-sixteenths inch thick, with one longitudinal
seam double riveted; girth joints, from 5 to 7% feet apark, were single riveted.
The pipe rings were dipped horizentally in Gilsonite. Tn the line were fen
48-inch pute valves, requiring reducing and enlarging tapers befween seciions
of stundard diameter, nlso 22 horizontal and 94 verticnl changes in direction.
At summits were 28 air valves and at sags 15 blow-offs. There were also 53
manholes.  Tests were made by J. Waldo Smith when the pipe was new and at
various times thereafter until the jine was 13 years old. The quantity of flow
wos mensared through a Venturi meter ot the downstream end of the line. The
method of determinitig loss of head was not described,

No, G5.—72-inch butt-jointed, triplo.riveted ateel pipe—Penetock, Halsey power housc, IMoclfic Gas
& Eteciric Co., Placer County, Celif, {I37)—Capncity -+5.3 per cent

In 1916, tests were made by R. A. Monroe on the Helsey penstock much as
were those deseribed for the Drum and Wise plants. For deseription of piezoj
meter rings and gauges sce No. 68 below. On this penstoek. however, a Venturi
meter was available for the measurement of quantity, After paesing the meter
and reach No. 88, water flows through & butt-strap pipe of which & reach 319.9
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feet long was chosen for test.  As the whole penstoek was new and the same meth-
oda of experimentation were used on both No. 63 and No. 66 a direct comparison
of butt-strap and lap-riveted pipe is possible. The reaches were short and the
retardation factors erratic for the lower veloeities. However, for those above
& feet per second the average value of €\, was 114.1 for the cylinder-joint, lap-
riveted reach, and 105.1 for the butt-jeinted reach with an excessive number af
rivet heads and the interior butt straps. The plate thickness was three-eighths
inch, but this had no direct influenee on the eapacity, a5 in the lap-riveted pipe.
(See No. 66 for other notes.)

No. G6,—T2-inch lap-Jointed, double-riveted stecl pipe—Penalock, Helsey Power house, Pacllc Gag
& Flectrie Co,, Placer County, Calif, {127)—Capacily £8.9 per cent

In 1016 tests by R. A. Monroe were made on Halscy penstock, similar to those
on the Drum and Wise penstocks. For description of piezometer ring and gauges,
see No. 68. On this penstack, however, a Venturi meter was available for the
measurement of quantity. A scries of 11 flows at veloeities from 2.3 to 11.7
feet per second gave a most acceptable seb of teats, especially as it is stated that

roper corrcetion was made for difference in tempernture betwecn the water
in the penstock and that in the static line. This reach was 583.4 feet long and
contained three bends—ene horizoutal and two vertical.  Plate thickness varied
from one-fourth to three-eighth inch. This line was new at time of fest. The
tested reach was on the final steep slope leading to the power house. Bevond
the lower ring the water entered the buti-strap pipe of the samne size (No, 65).
Two coats of o special graphite were brushed on hoth inside and outside of this
penatock. It wag desigued by use of Willizms-Hazen Tormnuln, with C,=100,
The observed values are erratic for velacities below G feet per second. For the
higher velocitics the average value of C, for this new pipe was about 114.

Na. &§7.—72-inch butt-juinted, tripie-riveted ateel pipc—Penstock, Dhrum power house, Paclfic Gaa
& Electric Co., Placer County, Calif. (127)—Capucity +6.6 per cent

Simultancous with the tests deseribed ns No. 68 below, identical tests were
conducted by Mr., Monroe ou the new butt-strap pipe. A reach 423.9 feet long
was chosen nlong a relatively straight portion ol the line. The same type af
equipment was used and losses were determined for the same flows and one
u{rlditional. These simultaneous tests indicated that the loss of head caused by
the excessive number of rivet heads through the butt straps more than offset
that at the enlargements and contractions of lap-riveted joints where fewer
rivets wore used.  This reach is part of the same penstock and is painted as was
No. 68. The indicated capacity agreed fairly well with that of No, 85, which ia
& comparable pipe. However, the range of velocities for Na. 67 did not incinde
any beyond about 3 feet per second, while the resuits of tests onn No. 65 did not
heeome stable until & velocity of 6 feet was reached,

No. 98.—72-Inch lap-Joinicd, double-riveted steel pipe—Penslock, Drum power house, Pacllc Gua
& Electric Co., Placer County, Calif. (127)—Cnpacity +20.6 per cent

In 1016 a single penstock served the Drum power house, 1% consisted of a 72-
inch lap-jointed pipe for 3,341.6 feet; then 795 feet of butt-strap pipe of the same
nominnl size, This penstock was given one shop eoat of green graphite and a
field coat of black graphite, both coats being brushed en. Tinmedintely after
construction, R. A. Monroe mado tests on the first sag of the penstock, 1,480.6
fect in lengtﬁ of reach. Piczometors were conneeted to the pipe at four points
o the circumference. These piezometers were attached to o 2-inch air pipe
»aralleling the penstock, At the lower ring a differential gauge, containing ear-
Lon tetrachioride, served to indicate the loss of head between rings. The quan-
tity of flow was determined by measuring the fall of water surface in the forebay,
with corrections for predetermined scepage loss and rainfall, ‘This penstock
waa designed by the use of Willinms-Eazen forinula, using a value of €,=100.
1If the two observations at velocitios less than about 3 feet per second can be con-
sidered indicative thie value of €\, when Ghe pipe was new was about 130, The
results of these tests should be uscd with caution.

Ne. 69 and 693,—72V4-inch double buit-strap, triple-riveted pipe—Penstock, Floneer Electric Power
Co,, Ouden, Utah {79, 116, 117)—Copacity when new 2.6 per cent; when 2 years old, —2.5 per
cend

One of the first large riveted-plate pipes built in the West serves a power plant
at the mouth of Ogden Canyon, Utah. The main conduif is 31,600 feet long of
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which 27,000 feet is woad-stave pipe, 724 inches in diameter, between reservoir
and surge chamber; 4,800 feot {3 & riveted steel penstock averaging 72} incheas
in diameter. Soon after ita completion in 1897 Professors Marxz, Wing, and Hos-
kina of Stanford University teater])the retardation losses in hoth stave and steel por-
tions of the line. TResults for the stave portion were entirely unexpected and with-
out precedént,  Tests waore repeated in 1899 but with approximately the same
results (158). Praclically the entire length of the porfion of the steel line tested
consisted of riveted pipe, etraight in plan view but with profile broken by 13
vertical elbows of 30 feet tadius and one of 40 feet. Joints abutted, with longi-
tudinal strape both inside and out. Plates were from three-eighths to eleven-
gixteenths inch thick, with one-sixtéenth Inch inerements. Bections were 9 feet
2 inches long, shap riveted and then dipped in & mixture of grade C, California
aspholt nnd natural liquid asphalt maltha. The process of dipping took nearly
one hour per section, bub gave good results,  Slow withdrawal developed a smooth
glossy coat with very few wrinkles, Obstructions to flow consisted of six straight
and four girth rows of low cene rivet leads and & contintous band of interior
strap 16 inches wide and three-eighths to one-half inch thick along the top of the
pipe. Loss of head wae determined by mnereury gauges of pot-and-column type.
Quantity of water was measured with & Ventiri meter, Iiilnough points were
observed to justify the consideration of these experiments among the best for
thia type of pipe,

For velocities helow 2 feet per second the tesults of the tests are very erratie,
hence only the observations at velocities above 2 fect per second were considered
in arriving at the equations for the pips flow and in computing average valucs.

No. T0.—¥i.ineh lap-joinled riveted-steel pipe—Munroe penatock No, 2, Fasex Co., Lawrence,
Maes. {122, p. 13— Capucity +3.1 per cent

This line wns constructed in 1831 of cylindrical plates three-cighths inch thick,
The joints were lapped &and riveted. The pipe was coated with asphalt which
appeared to be effectunl in retarding tuberculation but which acquired & coating
of slime nnd a few patches of sponge, Tests by H. F. Mills from time {o time
from 1888 to 1885 indicate deterioration according to the formula

H=0.0412 (140.17+/1) V?, where ! is time, in years of age,
Details of these tests were not given by Mr. Mills,

In 1896 the penstock was repainted with cosl-tar pitch *“that did not harden
well but remained for a time sticky to the touch.” This painting was done after
the pipe had heen brushed but not seraped. Acecording to Mr. Mills’ tests made
after an interval of three days indicatecd.

H=0.0547 V1

and other tests made from time to time unéil 1503 showed the coeffigient to in-
crease up to 0.069 or a deterioration of nearly 13 per cent. Seven years after
the pipe was repainted the series of tests listed as No. 70 were made.

For the capacity lests mentioned, the quantity of flow was measured over a
weir below the pipe outlet. Flush piezometers were set on the pipe 150 feet
apart and connected by copper pressure pipes to glass tubes placed near a single
scale. The reach is very short, bat Mills was in & position to make eareful
piczometer conneetions.

No. 71,~—84-inch riveted-ateel pipe—Flow line to Blg Creek No. I power hanee, Seatheen Cslifornla
Edison Co,, C ln, Calif.—C ity ~L.6 per cent

Water from Huntington Lake flows through 0.73 mile of 12-foot tunnel and
B-foet conduit before reaching the 7-foot pipe tested by H. L. Daolittle. Gauges
were installed over a reach 6,410 feet long, No. 1 being located on the lower end
of the 9-foot pipe just above the teper section, and No. 2 on the 7-foot pipe a
short distance above a valve into the steep penstock. The computations were
corrected for ditference in veloecity heads in the two sizes of conduit. This line
wans 10 yoars old at the timc of test. Longitudinal joints were double riveted
and girth jeints single riveted. It was factory-painted with two coats of hot
miners! saphalt.
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No. 72.—B84-inch _lop-lointed, domble-riveted gtec! pipe—TPenstock, Wise power house, Pacific Gas
& Eloctrle €o., Placer County, Calif. {127, 2I)—Capacily +0.4 per cent

Within o year after completion of this line R. A, Monroe conducted n series of
teste, comprising four flows at velocities from 3.4 to 8.3 feet per second. 'These
tests were made on three sections of the 84-inch penstock, having different types
of Tiveting. (See Nos. 73 and 74 below.) This reach and No. 73 included the
1ast part of reach No. 76, tested by the writer two years later. Four piezometer
rings were installed on the line. This reach is located between rings 1 and 2,
ring 2 being the upper end of the next reach; and so on. The guaniity of flow
was measured with a Venturi meter located near the upper end of the penstock.
Loss of head was determined by a differentisl gauge set up between the two rings
of cach reach. Carbon tetrachloride was used in a U-tube to indicate the dif-
ference in pressure or frietion loss between the two rings. This reach was 744.7
feet fong, made of plates seven-sixteenths inch thiek, with cylinder joints, double
viveted. The steel portion of the penstock was given two coats of graphite paint,
inside and outside. ‘The steel penstock was designed by the use of the Williams-
Bazen formuls, with ¢,==100. The average value of C, found when the pipe
}:}88 néaw was 106, which did not leave much margin for deterioration. {Sce

. 76.)

No. 73,—Bd-inch lap-jolnter, single-tiveted steel plpe—Penateck Wise power house, Pacific Gas &
Eleciric Co., near Auburn, Calif, (127, 20y—Capacity 17 per cent

This rench, between rings 2 and 3, was immediately below No. 72. It con-
sisted of 768 fect of single-riveted pipe of plates three-eighths inch thick. {See
No. 72 for pgeneral deseription of this penstock and methods of test.)

No. 74.—f4-inch buti-lointed, triple-riveied steel p‘i:?':—?'isl_!'_ gc;wer huuse,rPn;[iﬁc Ggas & Electric
pacity .4 per eznt for No. 76

o, Piacer County, Calif, (127, 24)—

This reac adjoined No. 78. It was 1,070.8 feet between picszometer rings 3
and 4. Plaotes were from three-eighths to seven-sixteenths inch thick, The pipe
ringe were all of the same size, ends and edges abutting. However, the excessive
mumber of rivets through the butt sbraps causcd greater retardation loss than
would be found in a similar pipe with lap joints, ?See Ne. 72 for general state-
ments and methods of tests for this penstock.)

The series indicates & higher capacity for this butt-strap pipe than is usuely
found.

Neo. 75 covers tests on renches 72, 73, and 74 when eombined, for comparison
with No. 76. When new this long reach, classed as 1b had an excess capacity.
Note its deterioration in the following bwo years. (8ee No. 76.)

No. 77.—1083-lach lap-riveled wrought-iron pipe, crlinder foints, Holyoke festing flume, Moesg-
chusctia. {96, p. 28; 122, p. 200)—Cappeiry +5.4 per cent

Tn connection with the turbine-testing laboratory at Holycke, there is 2 riveted
wroughi-iron pipe 153 feet long. Herschel reports tests he made on this shord
pipe, in 1887. This line was constructed in 1881 with cylinder juints, three
plates of }4-inch metal to the course. At the time of tes§, when the pipe was &
years old, Uttle if any of the original coat remained. Herschel seys ‘it was
rather rusty inside nlthough not atected with the tubercular disease which is the
bane of cast-iron pipe.’ This statement senses the misunderstanding that ex-
isted up to the time of the 1890 Rochester tests, that wrought-iron and steel
pipes were nob subject to tuberculation. Hersehel gave his experiments upon
this pipe o B rating. The writer believes that his results show remarkable con-
sistency when the extremely short reach of pipe, compered to the large dismeter,
is considered.

No. TH.—108-inch cylinder-Jointed riveted-steel pipe—Flow line, Osk Grove plant, Portland Elestric
Power Co., Oregon {3. 138}—Capacity 8.8 per cent

In connection with burbine efficiency tests of unit No. 1, D. W. Proebstel de-
velaped date encugh to indicate satisfactorily the losses in the 9-foot pipe line
hetween the reservoir inlake snd the surge tank above the steep power drop.
Through the tourtesy of Chief Engineer C. 0. Dunn snd Mr. Proebstel these
datn were reported £o the writer for this bulletin. From the intake to the surge
chamber the conduit consisted of 2 concrete duct 12 feet 4 inches diemeter, 1,340
fees in lengbh, then the stecl pipe, 9 feet in dinmeter and 33,920 feet long, then
& tunnel 14 feet in dinmeter extending 262 feet to the surge tank. The pipeline
was built of steel plates from nine bhirty-seconds to eleven-sixteenths inch in thigk-
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ress. The shop units were 33 feet lang; in five rings, cylinder jointed with single
rows of rivets in both longitudinal and girth seams. The field joints were similar
riveted girth seams,  As shown in Plate 5, B stiffeners were used where the plate
thickness was less than three-gighths ineh,

Before leaving the shop the pipe was painfed with red lead; in the field it was
again painted with graphite.

Proebstel made 10 observations in May, 1925, after the plant bad been in
operation 10 months. His determinations of quantity of flow were made by a
system of multiple Pitot and piezometer orifices (188, p. 7)) An X-tube strue-
ture was installed in the pipe. In each of the legs of the X were 10 Pitot arifices
reflecting the pressure hends plus velocity heads for equal-area zones across the
section of the pipe. Piczometer orifices ot each side and at the top of the pipe
gave the pressure head slone.  (See three columns at leff in pl. 8, B.) BEach orifiee
was connected by pressure tubing to a gauge glass set over a graduated back-
ground.  Simultancous readings on all glasses were effected by use of a camera.
The apparatus is shown on the pipe in plate 5, B.

The friction loss in the stecl pipe was taken as the difference in water levels at
intnke and surge tank, less 50 per cent of the veloeity head for the veloeity in the
steel pipe and also dedueting the loss in the large concrete duct. For the maxi-
mum flow this total deduction comprised only 2.5 per cent of the total fall. Any
error in the assumptions was negligible.

Mo, 70.—12%-inch teipie-riveted aleal gipe. butt-loints—Penstock, Pii No. 1, power plant Paciliec Gna &
Eleclic Co., Shastn County, Calif. {248 —Cupucity +22.4 per cent

In 1922 Roy Wilkins made a series of tests for the company on the various types
of pipe constituling the penstocks of the Pit River plant. This particular reach
consisted of n straight section of large pipe, made up of stec! plates seven-six-
teenth inch thick, butt-strap joined and triple riveted. While this reach was
short the velocitics were relatively high., See No. 228 for methods and equip-
went. The capauity, if truly indicated by twe observations ot high velocities,
is far above that of any other bubt-strap pipe listed.

GIRTH-RIVETED PIPE OR SCHREW.JOINT PIPE

Noa, 202, 204, 206, 288, 210.—Srrew-joint nipe—Experimental lines, New Hampahire (122, p, 125)—
Capacity from -11,2 to 2.9 per cent

In 1892 John R. Freeman made g series of tests on short lengthe of lap-welded
screw-joint pipe. Complete deseriptive notes are in Table 1. The relative capac-
ity of the old pipe (No. 202} was not computed as the age was not given, but the
interior must have been in a very bad condition. Straight experimental lines
nearly always yicld test results better than should be anticipated in practice.

Ne. IN.—0-inch welded rofed-steel ** lipe pipe '"—Berew-couptings, Toconce line, Chile (11)—
Copacity +2.2 per cent

After construction of a 98-kilometer water-supply conduit across high desert
country to surve a copper-mine enmp with domestic water, capacity tests wero
made on the first 5 kilomelers below the supply springs. These experiments
and generat data on the line were reported by G, % Bayles. The conduit through-
out the reach tested was constructed of standard ‘fline pipe’’ of nominal 9-inch
size. "This hua an actual inside diamester of 8.94 inches, The joints in this kind of
pipe are formed by secrew threads inside of sleeve couplings. The threads taper
80 that there is a length of six or cight threads exposed on the inside, even after
the wuits are tighily joined. The protective coating for this line was not speci-
fied. Unit lengths were set at 20 feet as a standard for computation but random
lengths were shipped. .

The capacity tests were made just after the line was finished. Quantity was
mensured through a Venturi meter and also over a weir at the head of the line,
Loss of head was measured by pressure gauges.  As the total lost ranged from
about 35 fect for the lowest velocity to about 103 feet for the highest velocity it
ig npparent that the tests are reasonably aceeptable, even faking into account
the fact that close reading is not possible on the ordinary pressure gauge. In
the arlicle from which these data are taken the tabular figures for loss of head are
not given but the platted points were scaled from a dingram. Beeause of the
lack of consisteney in the lower velocities and the necessity for scaling basice
figures, the data are given only u C rating for the three law points, but a B rating
for tlic three very consistent high pointa,

62210°~—30—8
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No. 212.—-~10-ineh wrought-stel seraw plpeg—Marend, Ariz. supply line (45}—Capacity —2Z1 per cent

In 1908 new triple pipe lines were built to supply water to the fown of Morenci
for domestic and mining purposes. The lines were notable because of being sub-
jeeh to & maximum pressure head of 1,700 fect in a single pumping lifs. The
three lincs were Inid side by side, from the pumping plant to storage tanks about
5 niles away and 1,526 feet higher. All pipe was of wrought steel. The scetions
wore bhreaded for 2% inches with standard threads and serewoed together with
recessed line couplings. This description would place this pipe in class 2. The
itews in Tabie L under No. 212 are hased on the fullowing statement by W. L.
Dudloulin (45):

Wiien pumping tirough s 16-ineh Jing, at the rate that represents 1,000 gallons of actuni waler per minuts,
tha total iua:ui tingunty ta 1,700 feet, “This makes the friction hemd shout 175 firet in 26,650 foet of sTmoath,
gorewed, wronght-sieel pipe; or 1.82 feet of frietion hedad per 1,000 fewt of lengti.

Tn recent correspondence with the writer Mr. DuMoulin gives the following
additionul information:

Speeial tare wis tnken 1o cheek up the pectrpey of the date given, The valves inoue pulap were enepfully .

avorhanled and se wore io gowl condition, Tha pluakes hart been i survice bt o short Lhwe, Water-
{!re.‘;anm wiges had been tested. “Uha amount o be ttilowod for slippaga knd lenkige el boen determitted
3y kseries of tests, ‘The wuler leaving the storoge tank ne Maeronc wos inetered by o Ventur! mater. The
prrifealne prmp was ofiertisd Ata uniform rte for nhotit cight hours so that it delivered water ut u rate of
3,000 galiohy ol aotuml wirler per minuite through otia of Lhe 10 nch qipe Hnes, into oue of thy sionige
tanks oL Meargpel, The necessary [uformpation was tikent to determing Lhe actoal guantity of wuter
delivered inkg Lho stamgo tank witeh gmanat wis nleo ofteckod by the Yeattri. ‘Phis speelnl ron wos
mudo to ohock up the data to be published so thut it woultl be ns velfable ns it might Lu feasible to obitaln,

Mo, 2td.—1G-Inch Couiaide dismeter) tup-wetded atecl pipe, Glerweod Spriuga, Colu. {142} Caparcity
+38.1 per cent

The trunk line of Glenwood Light & Water Co., serving Glenwood Springs,
was tested sfter 22 vears use.  Pipe was 16 inches in ouiside diameter, of lap-
welded sleel; inside diameter was 15} inghes, The line was 6,229 fect long, of
which the fitst 640 feet was spiral-riveted steel pipe full 16 inches in dinmeter.
The alignment was free from sharp curves and woell below the hydraulic gradient
at all piaces. The pipe was uid in 1888 and tested in 1910, The eloments
Follow: Quantity was debermined by progrossive fall in threc wood-stave tanks
af Lhe upper end of the line. Simultancousiy, recently checked pressure gauges
wore read at Lhe power hrouse ab lower end of the line. Gross loss of hend belween
watee surface in the tanks nnd the power house was correeied for entry and
veloeity heads, leaving & net average loss due to frietion, of 128.4 feet for the
total distance of 6,229 feet. The nverage velocity during the 25-minute run
was comjnited as 11.38 feet per sceopd—a veloeity so high that experhinental
errors and any question ns lo reliability of gauge were reduced to a minimum.
Toferior examinntion "showed the pipe {o he very smonth on ihe inside and
litlie ecocroded ou the outside” In computing the relardation factors for the
welded pipe Lhe luss through the spiral-riveted pipe was first deducted, an arbi-
Lrary cocllivient of P10 in the Willinms-Hazen formmula being used.  Any Teason-
abte nssumption would have resulted in about the swme values for the welded
pipe. The high veloeity in this line evidently produeed o polished condition as
the eapacity found was far better than should be expected of a pipe 22 years
old.  1f Lie high veloeity can be assumed to mainiain an interior surface 13 good
as Lhab of o new pipe of this type, the capacity is still exeessive by 16.1 per eent.

Wo. 218.—36-inch lock-bar ateel pipe—Mlonireal Water & Power Co., Montreal, Conada—Capacily
134 per cent

I correspondence with the manuofacturers of the pipe, the Montreal Water &
Power Cou. reported tests of eapacity on the 36,000 foob lock-bar conduit con-
struoled in 1907, 1908, and 1980, Water was pumped into this line and measured
through & Yenturi meter, During o period of steudy flow for Lhree hours the loss
of head shown by recording ganges was 28.27 feet. The gauges were compared
with o gruge lester both before and after the run.  During this test 11,800
gaitous per minute were earried ghrough the first 12,000-foot line where 2,333
gallons per minule, as measured by 2 Venturi mecter, were diverted. Thus for
the remaining distance the flow wag 9,467 gallons per minute. With this in-
formalion o commen value for the friction factors was computed which would
sabisfy ihe flow in hoth reaches of pipe and agree with the tolal loss of hend for
the two reaches. ‘The results agreed fairly well with the ruus on the Bull Run
No. 2 and No. 3 pipes in Portland, Oreg. %Nos, 225 and 226}, bub showed much
better capaeily than the Rochester lines (Nos. 220 and 222). 1f is diffieuls to
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compare this linc when 3 years old with the Springfield line (No. 224) when 17
years old,

No. 220.—37-inch lack-bar ateel pipe—Condult No. 3, Rochester, N, Y. (144, pp. £3, 18}—Capacity
when new —6.6 per cent; when 8 years old, —7.8 per cent

Bee description under No. 39 for general layout of the Rochester main pipos.
Conduit No. 3 extending from overflow Ne. 1 {294 miles north of Hemloek
Lakey fo Rush Reservoir nnd Pinnacle Avenue tec, i3 compesed of 7.75 miles of
37.08-inch cast-iron pipe constructed in 1914 and 17.75 miles of 37-inch lock-bar
steel pipe of plute one-Tourth fneh thick completed in 1918, [t contains ¢ valves
and 10 vertical and 20 horizontal curves, totsling 3,947 feet in length. ‘The 1920
report of the depuriment of cagineering of Rochester (1.44) guve results of obser-
vutions over periads of from fuur to five hours taken in the fall of 1918, 1919, and
1020, In correspondence with the writer, T, E. Matthews, in charge of the
system, t‘txrnish(-d[dnta on an observution in Ocetober, 1926.  Those duta indicated
a pipe when new as 21 per eent inferior in eapacity to the average of the Montreal
and Portland lines (Nos. 218 and 226), and the deteriaration in eapacity as shown
by the progressive gaugings was some 8 per eont in § years. It should also
be noted Lhat the ganging when the line was 2 years old {ndieated a capacity in
excess of that when the line was new,  Anolher comparison is that the line when
new showed only about the eapacity of the Springfield line (No. 224) when 17
yeura old,

Ne. 222 —37.[ach lock-bar sieel pipe—Conduit No. 3, Rochester, N. Y. (144, pp. 62, 70)—Cuopacity
when 2 yeurs old —12.% per cent; when 8 yewrs old, —13.4 per cent

Bee deseription under No. 39 for general layout and No. 220 for additional
details.  Between Rush Reservoir and Cobb's Hill Rescrvoir there was a line
composed of 8,336.5 feet of 38-inch cast-iron and 42,134.2 feet of lock-bar steel
pipe. This was part of ronduit No. 3, finished in 1918, The 1920 report men-
tivned above {L{4) contained record of o test for capacity in 1920 when the lice
was 2 years o, and [ E. Matthews, in correspondence furnishes a report of a
test on December 1, 1026, Each of these observations extended over 2 period
of Lhree hours,  There were 33 horizontal dellections averaging 2° 08’ each, and
108 verlieal dellections averapge 1° 537 each; three 36-inch valves, one tee and
7846 feet of cust-iron pipe.  This line showed an excessive loss of head for this
Lype of pipe.  The 1926 test indicates that this line has approached the Wilkes-

arre pipe (No. 216} in deterioration of eapacity.

No. 224.—12-inck lock-bar pipe, West Parish flters to Provio Mounisin reseevoir, Springfic!d, Masa.—
Capacity -+8.7 per cont

In recent correspendence with the writer, E. E. Lochridge, chief engincer of the
municipul water works of SBpringficld, submitted the resulis of tests on & reach of
4Z-inch pipe 39,083 feel long. The pipe was the lock-bar type in units 30 feet
long, wilh taper joints, single riveted between units; each unit shop dipped
vertienlly in piteh. The interior was apparently {n excellent condition on the
last pnrtial inspection in 1926. The pipe was put in service about January 1,
1910, The experiments were condueted on March 31, and April 10, 1926, by
J. B, Porter, and the computations worked up by Allen Hazen. The essential
dain follow: :

(uantity of waker was taken as the menrn of readings of combined flow through
six Venturi meters at the filter plant and the reading of the single large Venturi
Plua the reservoir rise ab Provin Mountain,  The two items thus avernged, vacied
lesg Lhan 2 per eent from the tnean.  Morcover, the lesser How was indieated nt
the reservoir, which agrees with (he fact that there is more or fess leakage on the
7 miles of line.  From cegulator house to reservoir the loss of clevation by checked
levels was nearly 59 feet. From (his gross loss was deducted § veloeily heads
for V=413 et per seronrll or $3X0.266=2.18 feet., Mr, Hazen nssumed that
the 8 velocity-headds lost were maude up s lellows: 2 ab entrance, 1.6 at cach of
Lwo 30-ineh gales, and 2,73 at Lhe 36-inch gate 2t Provin Mouniain bettom
chambers,

Na. 235 anil 2250 —41-inch and 53-fuch lock-har steel pipe—Rull Run canduit Ne. 2, Pfortlund, Oreg.—
Y¥or Na, 225, enpacity 4:10.7 per cenl, and for 225a, capacily 4147 per cent

In 1911 the city of Portland, lnid conduit No. 2 paralleling Ne. 1 (see pipes 30,

32, and 45 from Dall Hun River to the elty.  I'n 1922 . M. Randiett conducted

capacity tests on long reaches of be pipe. In correspondence with the writer
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B. 8. Morrow gave the data of Mr. Randlett’s tests. The loss of head was deter-
mined by waler columns atfached fo piezometers located at the ends of the
reaches. The quantity of flow was measured through a Venturi meter and with
weirs located neur the outlet end of the line. From Buil Bun River fo Lusted’s
Hill the Hne was 52 inches In dismeter, of plate steel from one-fourth to seven-
sixteenths inch thick, with two longitudinnl seams held in lock bars. The
sections were 30 leet in length with field seams girth riveted. The line was
provided with 4-inch air valves on the summits and 8-inch blow-offs at the de-
pressions. The flow tests at the pipe's age of 11 years showed little or no deterioz-
ation in copacity. This stutemnent appeared to apply to all the Portland lines
taking water from Bull Run River.

Trom Lusted’s Hill to the end of the line the pipe was 44 inches inside dinm-
eter, of i{-inch plate, with simiinr lock bar straight seams and riveted girth
BCHITIB.

Two reaches of the 52-inch line were fested. Between siations 1601-+59.9
and 14586+ 70 the totul loss of head was 20.65 feet, giving a loss per 1,000 feet of
2550 feol with an indicated valve of the Williams-FHazen €, of 96. The writer
has not tabulaied this test because Mr. Randlett says ailr was trapped in the
pummils along this part of the line, as a result of fauliy action of air valves. The
second reach, belween stations 148670 and 1073480, a distance of 41,290 feet,
gave o loss of head of L.472 feet per 1,000 fect of pipe. The computed values
of K,#:0.300 or .= 130 are morc indicutive of thie type of pipe and agree more
nearly with the values found on the 44-inch line following the 52-inch pipe;
that is, & value of K,=0.285 or C,=135.

No. 226.—58-Inch lock-bar stec! pipe, Bull Run condult No, 3, Porlland, Oreg.—Capacily from -+5.1
to +14.7 per cent

In corrcapondence with the writer J. C. Stevens gave the elements of tesis
macde under Lhie direction of F. M. Randlett and B, 8. Morrow. This series
covered four reaches of the conduib:

Totnl

Sectlon Loagth anglos

Feel °
2 850, 0 530 | Contalns I Veoturi meter, 58 inches to M-loci threat,
5,702 L A5,

} bun,

tecludes 1,458 feot of Lrlplerivated bult-sirap pipo.

This series of tesls was on o new pipe which diverted raw water from Bull Run
River fur municipal use in ihe city of Portland. The pipe was built in 30-foot
sections joined by Lhe usunl riveted-laper method.  The waler floswed with the
taps,  Prior to the tests the flow was gradually built up for two weeks during
which Lhe air valves were watched. Loss of head weas determined with water
eolumng aitached Lo piczometers ab points where but little pressure existed.
Quanlily wus taken as the uverage of flows indicated by two Venturi melers and
n weir loralod near resecvoir No, 1 at the outlet of the pipe. The total loss of
head in section A was 7.22 feet, of which 50 much was ascribed to loss through
thie meter that results are not given in Table 1.

The resiits of these tests agreed quite closely with those on the Montreal line
{No. 218} but disagreed with those on the Springfield (No. 224) and the Rochester
(No. 220 and 222) lines.

No. 22H,—%6-inch bump-Jointed lap-welded pipe—Pit No., 1, Penstock, Porifte Gas & Elcetrie Co,
Shaeta County, Calif. (I24}—Capacity —2.5 per cenl

Shortly after construction of Pit No. 1 power plant on Pit River, Calif., tests
for relardntion losses were made at two Hows of 712 and 982 sceond-feet, These
tests, made by Roy Wilkins, comprised messurements on the tunnet from fore-
buy to penstocks and on one of the twin steel penstocks.  Tho other steel pipe
was held idle and served o5 & static water column.  Six plezometer couneetions
were made at the inside cads of the horizontal diameters.  Belween the pipes
these piezotnelers were connected to the two legs of o mercury U-tube maenomneter.
Thus one leg was subject to static pressure alone and the other to the same statlc
head less the velociby head, entry losses, and friction loss from the intake of the
peustocks to the station of the connections. Water was run in both penstocks
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up to the time of tests so that the water was of the same temperature. The
sequence of important fest stalions follows:

CGauge 1 was on the 128-inch pipe just below the sirndpipe and valve ab the
penstock enirance from the surge chamber &t the tunnel outiet. Cauge 2 was
locuted 231 feet down a straight pipe {o which it was attached just above o 43-
foot {aper section froin the 129-inch fo the 108-inch pipe. On the 108-inch line,
gauge 3 was jocaled at the outlet of the taper just wmeniioned. Fhis loention
was of questionnble desirnbility for & cingle piezomeler connection, but was
prabahly the best available, as the snme doubt would be attached to nny single
connection within al least 100 diametiers below n straight taper seetion without
curve transitions.  Gauge 4, at Lhe lower end of the reach of 108-inch pipe, was
locetled 515 feet from gauge 3 and just above a 39-fool taper {rom the 108-inch
to the 06-Inch pipe.  Gauge 5, on the 9G-inch pipe just below the taper, was sub-
ject to the sume doubt s gauge 3. Gauge 6 was 240 fect down the 98-inch pipe
beyond an upward angnlsr bend. Quantity of water was mensured over a
Francly suppressed weir 130 feet long. 1t was appreciated that Francis’s 10-foot-
maximum weir formuta was being greatly exlonded, but this method is customary
and checked the flow computed from the veloeity-head diffierential at gauges 2 and
3, the taper section being used as a Venturi meter without the usual expanding
porticn.

This reach of pipe had the lougitudinal seams lap-welded and the girth seams
riveted in the “bump.” (Fig. 1.} The pipe rings, of ' Ye-inch and 3{-inch steel,
were all of the same diameter.  The reach tested was 240 feet long between gauges
5 and 6, and contained one expansion joint and three vertical angles ranging from
1516° to 23 In pinn view it was straight. At the upper end it was joined by
a 39-fout taper section o the 108-inch pipe (No. 230). The lower end was 2720
feck ubove the turbines.  Note that the retardation factors were in close accord
with those on the adjoining 108-iuch seetions. (No. 230 below.)

Nos. 228 and 230 support the tentative formuln and cocficients sugeested in
this bulletin for inclusion of bump-joint pipe in cluss 2, as they both zre within
3.3 per cont of the formule if the fwo runs in each pipe are faken us indieative,
Note that the values of (", are consistent between 112 and 114. These values,
for new pipes, are very fur from the value of 140 in the Williams-Fazen formula
suggested in some cutalogues for this {vpe of pipe.

No. 230.—108-Inch hump.jninted lap-welded sicel pipe—Pit No, 1 pensiock, Pacifie Ges & Elecite
Co., Shagts County, €alif, (124)—Capacity —3.4 per cent

Thesc tests cover twe flows at velocities of ahout 11 and 15 feet per second
respeciively.  The reach, 515 fect long between gauges 3and 4, is straight in plan
view b containg two angles of about 20° ench in profile. It is joined by taper
sections fo the 1289-inch pipe abave it (No. 79} and to the 96-inch pipe below.
{See No, 228 for wethods nnd equipment and comments on relative erpacities.)
It contains three expansion joinls,  In construction it is identical with the 06-
ineh pipe deseribed as No. 228 except that the plates run from one-half to five-
eighth inch in thickness. The retardation factors are very close togethor.

CONTINUOUS-INTERIOR PFIPE

Nog, 302 und 3i4.-—f-inch nad f-Inch (outside diameter} lap-welded wrought-stec! pipe, bell-and-
uplgotr Joinls—Experimental pipe, Yergallles, Pa-—Capaceily +4.3 per cent for No. 302 and +1,6 per
cent for Neoo 304,

In correspondence with the writer, F. N. Speller gives results of tests on three
resches of experimental pipe (Nos. 302, 304, and 310) set up perfectly siraight in
both plan and profile. (Pl 6, B.) These tests were made by )IS)‘ W. Frederick and
JoJ. Wilson with assistants, under the general dircetion of Mr. Speller. In all
cuses the lines were laid side by side, 1,000 feet long between piczomoter eonnee-
Lions. Quanlity of waler was determined by volumeiric mensurement for small
fiows and a Venturi meter for larger flows. The Venturi meter had been checkerd
lhe previous year by pitomeler rendings. Pressure head was defermined by
mereury manometers of U-tube form, attached to manifold rings having necess
to the water prism through eight evenly spreed !-ineh holes.  Loss of head was,
of eourse, the difference in elevation of the waiter columns equivalent to the mer-
cury columns.  Gauge No. 1 was placed 105 feet downstream from the elbow at
the pump; likewise gauge No. 2 was 105 feet above a relurn bend.  The pipes werc
1 year old.  Ench had been dipped in conl-tar pitch, When tora down the lines
were found to have deposits of mud up to ene-sixtecenth inch thick on the lower
third of the perimeter. The 4-inch and 6-inch pipes {outside diameters) were
respectively 3.628 and 5.72 inches inside diameter. The lengihs nveruged 17
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feet 1 inch for the 4-inch size and 18 feet 11 inches for the 6-inch size. The inside
diameter of the 4-inch size was determined by weighing the water contents of
gix average picces. The inside of the 6-inch size was measured with micrometer
galipers.

These tests appear to have been carefully conducted and are given an A rating
for a1l observations consistent with each other. However, the writer has found
experimentul pipe in straight reaches to yleld results that can not be duplicated
with cerfainty in comniercinl operation. These pipes and No. 318 should be com-
pared with the writer's series No, 308 on a field line of the same kind of pipe.

No. 306.—6-Inch wrought-fron pipe, flange-connccied—Cornell University, N. Y. {12, p. 12—
Capacity +2.1 per ceat

f. T. Mills gives the elements of experiments by E. W. Schoder of Cornell
Universily. This series was made on n straight reach of lengths of 6-inch pipe
that “had been used in o sleam-heating main for some years,” The total length
was 192 Fect of which 99.33 feet was tested for the toss of head. Gauge No. 1
was placed 20.04 feet downsiream freom the intake end. Each piezometer con-
gisted of Lwo opposite holes in the shell, into which !4-inch cocks were screwed.
Pressutes from the Lwo holes nt each end of the reach were hrought together and
indicated in o waler differentinl gauge. Quantity was measured volumetrieally
in n eulibeated tnnk of 500 cubic feet capacity. Because of the short reach tested
this serics has heen given 2 B raling. However, the results are quite consistent
and fdo not show the relatively low capacity that might be expeeted from the
deseription.

No, 310.—8-frch lop-welded steel * line pipe ** fitted with bell-and.spigot joinis—Experimenta] pipe,
Vernalllen, PMu.—Copaclty +1¢.8 per cent

This is one of three pipes deseribed under Nos. 302 and 304. The only dif-
ferent conditions applying to the larger pipe follow: Unit lengths averaged aboui
20 feat. Inside mensurements were taken with micrometer calipers on each of
the 84 units. This method was checked by filing four units of pipe with water
and weighing this water. The agreement in size was so close that the nominal
diametcr}, S inches, was used in the caleulations. (See comments under Nos. 302
and 304,

No. 311, ~1d-inch full-welded plpe—Main suppiy line, Bend. Oreg.—Capacity +8.1 per cent

The city of Bend, Oreg., in 1926 completed a new water-supply main, consisting
in sequente of 27,888 fect of t4-inch pipe; 20,891 feet of 12-inch pipe and 13,515
feet of 16-inch pipe. AL the end of each reach the pressure was fully relieved.
In cotrespondence with the writer, the Inte Joha Dubuis, then engineer in charge
of the project, reported the following tests on the 14-inch pipe made soon after the
tine was put in service: Water at the diversion dam entered screen chambers and
passed over two 6-foot rectanguiar weira with suppressed contractions. Below
the weirs & taper section 6 fect long led to the 14-inch pipe tested, This line
was furmed of 30-foot units, ficld welded together by the torech methed. Each
unit whs formed of a single sheet, shop welded along the straight seam and then
dipped in a hot compound.

After the field joints were made ail unconted spots were given fwo coats of
asphalt applied with o brush.  Asshown in Plate 5, C, the scams sa formed by the
weld wero evidenced by a smallirreguiar bead, which was smoothed by the asphalt
coat. AE the lime of test the 14-inch pipe had been running at full capreity—
the wator backed up into the weir chamher—for several weeks.  The quantity
of fow was the sum of the flow over one weir under s head of 0.36 foot and over
the other under head of 0.37 fook.  The total fall as determined hy checked levels,
was 381.00 feet.  Of this, 1.24 feet was deducted for entry and velocity head for
the velocity of 8.34 feet per second.  This deduction was hased on & cofficeient
of 0.5 for cntry lass into the 24-inch opening to the taper seclion and & coefficient
of 0.1 of thoe diference in velocity hoads for the taper between the 24-inch opening
and the ld-ingh pipe. To these losses was added the velocity head for the
veloeity in the 14-inch line. The writer regards this as an excellent test; the
great length of pipe, the high veloeity, and the great loss of elevation due to re-
Lardation of flow were all such that any conceivable error would not materiaily
affect the results. ft will be extremely interesiing to observe the progressive
capacily of the line, which reccives clear untreated watler from a mouzatain stream
in a lava tecrnin,
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No. 312.-—20—]:1:]3 n‘ :‘ :' t pipe, coupling-Joinied, iap-welded pipe—Lake Moralne-Ruxton

Park p Bprings munleipul pawer plant, Celorudo—Cupaeity 8.4 per cent

This line, constructed in 1824, was dipped in an asphaitic compoumnd, hoth
tnside and out, and luid on a continuous falling grade. Bolted couplings were
usedd throughout with curves haviog a radius of from 100 feet 10 717 feol; 36.5 per
cent of the alignment is on curves and 63.5 per cent on tangent, (P13, B

At the upper end, some 200 feet below the outlet of Lake Moraine, 8 L6-inch
reiief valve was insialled to relieve back pressure caused by operation of the
iutomalic hydroelectrie plant conneeted therewith,  Within the power house ab
Ruxton Poark & Venturi meter is located, just nhend of the nozzle. ~ Crpacity tests
were made under the direction of E. L, Mosley, manager of the power department
for the city of Colorado Springs. During the lesis a new recording pressiure
geuie, gradunted from Q to 15 pounds pec square inch, was placed on the relicf
valve, and in the power house at Ruxton there was placed & new reeording gauge,
gradunted from 400 to 600 pounds per square inch; and all dain taken in these
tests were by means of these instruments, and simullaneous readings were taken
at cach end of the line. Readings of the upper gauge are acecpiabie for such o
relntively long ling, but smull losses of head on the lower gauge, recording pres-
sures in exeess of 1,000 feet, are, of course, very questionablo.

The actual leagth of pipe laid between the two pressure gauges is 12,598 fect,
mnde up oy gshown in Table 14,

Tavue d.—Dimensions of Lake Moraine-Ruzion Park penstock

© Shell Inside |
i i Insitde

Fength (L) - plate | dlnmmeter
thickoess  (dy | ovea (@)

v Fuches ] Inches - Sp.ips.
, 426 . Ha 1935 HeLe 0 1,010,117
, 35 a4 0, i1 1,412, 3
405, 1L N N7 2T 773, 308
L, 3 16,089 b 321,048
45,3 i ; 0B 1E7, GiL

Welghting product, LXa

!

Totul 13, 576, 2 ¢ : 3, 035, 504 = 30.2 stuace inches.

The weighted avernge inside aren is 260.2 square incles, or 2.015 square feel,
which is the aren of & pipe 19.2 inches in diameter,  All computations are based
ou this value of d.

The elements of the experimental data as given in Toble 1 are themselves taken
from a sootbed eurve based on the original tests. A table of dala from Mr.
Masley gives Lhe mmensured loss of head for each unit quantily from 0 to 16 see-
ond-fect.  Observaiions for flows below § second-feel are not included in the
{able, beiug considered by the wriler to have little value. TFor §=0 sceond-fest
the vhserved total Juss of hend was bul 12.4 feet, while the tutal pressure head
recorded ab gauge No. 2 was more than 1,100 feet.  As the flows are increased
the recorded loss of hend becomes a larger part of the total head,  In other words,
these data are considered the moere reliable.  For o ow of 16 second-feet, with
an averape veloeily throughout the reach of 7.94 fect per second, the tulal loss of
hond is 120.9 feet, with o pressure head al the lower gaupge of 1,008 feet, Thus
for the higher lows the vaelues of the retardation coefficienls are reasonably
aeceplable and agree quite closely wilh comparable values in otbher serivs.

I'n cofurmn 3 of Table 1 it will be found that unaceeptable 2 ralings are assigned
ko lows below 10 second-feet and the rutings are increased as the friction heads
beeame & greater percentage of the total heads os indicated on the lower pressure
gnuge. For the flows rated C and B the avernpge capacity compared with the
writer's formula is excessive by 6.4 per cent.  However, it will be noticed that all
the retardation factors have credible values for the higher lows but are without
precedent for the lowest flow inchuded in Table [, nod Lhese values were coin-
pletely incredible for the flows in the sone of greatest experimental errors not
inciuded in the tabie,

MNn. 314.—30-Inch steel Inck.bar pipe—Cuclgardie uupply maln, Wountern Avalralia (£11, 131, 173, {30
I77)—Capucity —4.,1 per cent

The first of the modern long conduits was finished in 1802, Tn order to serve
the goll feld of Coolgardie, it was necessary to prmp water across 307 mi‘les of
desert country from the Helena River near Pertly, in Woestern Australin,  For an




120 TECHNICAL BULLETIN 150, U. 8. DEPT. OF AGRICULTURE

additional 44 miles the flow was by gruvity. The statiec pumping lift was 1,200
feet and with the eslimated friclion loss the total pumping head was 2,655 feet,
distributed among eight pumping plants. The type of pipe chosen was the fore-
runner of Lthe present lock-bar pipe. 1% consisted of o steel line of ¥ and ¥{e-inch
plate; ita inside diameter was 30 inches.  The shop units were exactly 28 feet long
with the single long scam formed by a straight “locking bar”  "These units werc
true exlinders withoul taper; thus Lhe ends of adjoining scctions abutted together
with a (lush interior. The girlh joinls were formed by calking lead in the annular
space between the pipe ends and sleeve joint rings 8 inches in width.  This pipe
with “eontinuoug interior’”” comes under closs 3 as deseribed on papge 12, rather
than under ciass 2, which applies to the standurd riveted girth joint of the present
loek-bar type of pipe.

The coaling of thig ling received particular attention, as tnaximum tempera-
tures of 170° I'. were to be eneguntered. The greater number of the pipe units
were dipped in coal tar mixed with equal parts of refined Trinidnd bitumen.
Honn after completion of theline tests were made and reported by C. 8. R, Palmer
in his comprehensive paper on this, the longest conduit in the world (131). The
line was equipped with eighl Venturi meters—one at each pumping plant.
These furnished o method of determining quantity,  The exact manner {n which
the loss of head was menasured wus not given by Mr. Palmer, but such great
lenglhs of pipe were available that there should have been no extraordinary error
in his mensuremaents,

The resulls of Lhese lests indicoled a value K,=0.35 or of €',=127 for this
pipe when uew.

[n his prper on this line Longley ({11} pave a table showing the deprecintion in
capneily from yenr Lo year, in terms of cocllicients in the Williams-Hazen formuls.
Laongley moentions u coellicient when the pipe was new of €,=135, and notfes
Lhal there s inconsisleney belween this figure and another of €,=128 resulting
from lesis, also made wlhien the pipe was new. The latter value is probably
related to the data given in Table L In the design of the pipe a cocflicient equiva-
lenl Lo (52296 was used.  The actunl value for the new pipe was protmbly quite
close Lo 130, Al Lhe apge of 6 years this value, which {s proportional to the capac-
ity, tel diminished {o un average of 97.G, represeniing a variation from 111 at
the jnlet end 1o 95 i the outlet end.  In 1920, after 18 yeoars of use, the average
value of U had beecome 77 without any noliceable differenee at the two ends.
The vapld loss of capaeily is aseribed to tuberculation within the pipe, there
Leing ne possibility of sand or olher déiris deposits.  As the tuberculation was
the result of ehemien! reactions requiring a supply of dissolved oxygen o donera-
lion treatment was started in 1917, The results of this treatment are diflicult
to determine definitely, os the line was budly tubereuluted when the treatment
was slarted.  Mowever, ihe evidence indieates that depreciation in capacity
had heen stopped on 7 of the 12 scelions of pipe.

In {he diseussion of Colonel Longiey's paper the statement is made by F. N.
Speller that mixtures of coal tar anel asphalt should be avoided; that either one
when praperiy applicd by itself lusts longer than the combination.

Considering the conditions of installalion, the capacity of Lhis line when new
spported the value of K,=0.32 for new pipes of eontinuous-interior type.

Nog. 316 nml 118, —8l-inch boti=]Joint riveted pipe (rivet heads teraunk ) —F ks Nos. 2 and
1, Ltuchle Ml ~Eoses Co., Lawrvnce, Mass, (022, po J843—Capacity ot 2.3 years, No. 316 whns
=5 pnil No, 318 wus — 10 per cont, ped at 13 yeoars, No, 316 wad —165.2 and No, 318 wae =11 per
eenl

These short peastock pipes were tested under direction of H. F. Mills. Reaches
100 reet long were chosen from the lotal length of 100 feet. The quantity of
{low way determined by weir or by opening of the gate wheel as calibrated against
velocily weasuremenls by long fionls in the leading canal.  TFlush piezometer
conncelions led to glass peuge Lubes.  Penslocks were made of steel plates, riveted
with bult joints and rivet heads countersunk.  Plates were shop conted with {wo
coats of hot asphall and linseed oil; o third coat was put on when Lhe pipe was in
plaee, Fthus forming a smoolh hard interior surfuee throughout.”

Tirst tests were made when the pipe was 2 years old. They were repeated
from time to time for 11 years. Averapge delerioration in capucity of the lwo
penstocks is oxpresserl by H=0.0320(140.171) V2 where ¢ {s age in years. Miils
pives details of the tests at 2 and at 13 years of age, with some derived figures for
intervening lests, but the Ialter are not ineluded in this bulletin.  Mills de-
seribes the gendual growth of tubercles, sponge, slime, and mud, toward the end
mentioning * many tubercles the size of n pea,” “rough surface’ due to mud nnd
tubereles, and * tubercles, one per square inch,”
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While Millg's description of these lines elearly indicates that they should be
clasyed as “continuons-interior” pipe of the highest grade, the retardation fretors
do not support this assumption.

COMPOUND PIPE

No. 150.—36-inch rlveted wrought-iron and 24-inch cast-iron pipe—Conduit Ne. |, Rocheater, N, Y.
(170, 158, 140, 48, 1223}

Hemloek Lake eonduit, now called conduit No. 1 of the Rochoester supply mains,
was lnid in 1873-1875 between Memleck Lake and Rush Reservoir, Ik WS 4
compoeund pipe of the following general specifications: 9.62 miles of 36-inch
riveled wrought-iron pipe three-sixteenths inch thick; then 2.92 miles of similar
pipe 24 inches in dinmeier, of plate three-sixleenths and one-lourth inch thick;
then 6.12% miles of 24-inch cast-iron pipe, [n 1876 a test of eapacity wus made
under the direction of J. N. Tubbs, (hen chiof engineer. [t comprised nolhing
mere nor less than a determination of the total fall from intnke to ontlet and &
quantity measurement by rise in water at Rush Reservoic. The maximuin flow,
as made public at that time (f70) was 9,203,000 gallons per day,  Assuming a
value of 130 in Lhe Willinms-Flazen furmuls for the east-iron pipe, the computed
vulue for the 24-inch and 36-inch riveted stecl pipe would be C'\,=153.5, which
would show o far higher enpucily than present-dey dota indieate,  If the assumed
value of €', for the eusl-iron pipe be set nt 140-—the maximum value suggested
by Willinms and Hazen—ihe computed value for the riveted pipe becomes 134.6,
slill a very high value, in the light of present knowledge.

Table 2 gives figures based on the average of three flows taken several duya
apart, in 1876, The base deta arc taken from Hersehel's notog (86, p. 16), quoted
from o eeport by Kuiehling. The resulting retardation factors, computed after
assumptions ure made as Lo the value of ', for the cast-iron reach, all indicate a
very high capaeity for this type of pipe, but zre not entirely unsupporied by
otber tests.  The writer givey these tests'a D rating, indicating that they should
nol he given weight; but he believes they should be ineluded in a comprehensive
paper such as this, for historical rensons.  Later experiments on the 24-inch and
36-inch riveted lines are described as Nos. 23, 24, and 39.  The results of the 1876
tesls beenme the eause of bitter controversy during the ** Nineties,” as the informa-
tien harl been used in the design of o large pipe in New Jersey, under a guarantee
of capacily that was not met by the completed pipe. Icrsehel deseribes ilis
controversy guite fully (88) and comes to the conclusiea that the Rochester
conduit had never ¢arried the quantity claimed in the published reporis of the
1870 tesls (/70). Tn the light of present extonsive daln, the writer agrees with
Hergehel, but the 1876 test was apparently pgiven full weight by sueh aulhorities
as Hamilten Smith {149, p. 235) and Mills (122}, who were holh contemporaries
of Tubbs. Both writers give Tubbs’ dala without adverse commont us to Lhe
excessive capacity indieated,

No. 152, ~Rlveted-stee] compound plpe—Pensinck, Spring Gap power house, Pacille Gns & Electric
Ca., Callfernin

Tiis plant is served by a penstock 7,415 feet long made up as follows:

Lepgtl | Dhvmeter I Pipu churacteristics

Lap riveted, maule of 3 Lo %n inch plates.

Triple-eiveted dbonble butl-simp pipe, Uiy to 54 inch Hates,
Telple-rivered hutt-strap Hpe, 58 (0 1346 inch plates.
Triple-riveted baib-stenp pige, 3% 1o 13 inch plates.

Durring fesls for elliciency of the machines, made in 1021 when Lhe penstock
was new, Lhe over-all loss of head throughout the compound pipe was determined
by Toy Wilking, .

Quantity of water was measured over o weir,  Loss of hend was deferminod by
presgure gnuge reading only Lo e nearcst 5 pounds,  Flow ranged from 18.6 (o
38.4 second-frel, developing o loss of head feom 11.5 feet to 80.7 feel.  The reach
wasg so long and, for the higher velocitios, the lossos were g0 appreelable that Lhe
usiial errors of sueh o pressire guege were minbnized; however, the lesser reading
Lo nearest & ponnds inay be mueh o error,

This pipe hatl been given one brushed coak of red lead in linseed oil. [ was
designed ulter the Willins-Hazen formula, with ¢,=1900, These tests indicatod
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that an average value of C,=T6.5 uatisfies the loss foz its particular velocity in
ench size of new pipe. However, this method does not assign a variable loss fo
the various kinds of pipe, the quoted value resulting from the two highest flows.
Flows af the lesser velocities indieated values of g., up to 104, These values
are so far apart that no definite deductions are possible, except that flow in heavy

butt-strap pipe i charncterized by a very high retardation lose.

No. [56.~Riveted and welded compound plpe—Irensiock, Kern River No. 3 power honse, Southern
;Jnngarnlzln Edlson Ca., Kern County, Calif.—Capaclty -+6.1 per cent far MNo. 156 and -+4.1 per ecnt
or No. 156a.

This plant is served by two penstocks, each having the following sequence ‘of
sizes and types of pipe. Plate thickness varies from three-eighths to seven-
sixteenths ineh:

Longth Skxa of pipe Plate thlckness Typo of riveting

3ig | s4-lnch -t .{ Riwatad plpe.
8-toch.. Duo.
T2-ieh,. .| He-inch De.

of-ineh. .. Lap-wehted bump jeint.
17 P T Do.

t Ineluding Ventir! melen

Longitudinal seams in riveted pipe are double-riveted and triple-riveted lap
joints while all girth seams in riveled pipe are buts joints with outside butt strap.
Tn the welded pipe the girth joints are sll bump joints with double lines of rivets.
The inside of this penstock was brushed with one coet of graphite.

A series of lests by H. L. Doolittic was made on the over-all losses, from which
wore deducled the veloeity heads for the velocities in the 6C-inch pipe, plus the
loss through the Venturl meter, plus Lhe losses at entranee o the various fapers
as the pipe beeame smaller.  The quantity of Aow wus measured through Venturi
meters and the loss of herd was measured with mereury U tubes. The Edison
Co., in sending the writer data for these tests, included o logarithmic diagram
showing a struight line loss-of-licad iaw on the nssumption of a value of # in the
Kutter formula of 0.0112 for the welded pipe and 0.016 for the riveted pipe.
Corresponding  round-number assumptions in the Willinms-Hazen formuls
wotild hnve been €,=130 for welded pipe and 100 for the riveled pipe. 1t should
be noted Lhab the Pacific (ias & Electric Co. found o value for similar bump-
joinled weided pipes atone as aboub 114, {Sce Nos. 228 and 230.)

This penstuck was designed with the use of the Kutter formula using n=0.012
for the welded pipe nnd 0.016 for the riveted pipe.

The computations in_columns 11 and 13, Table 2, were based on assumed
vilues of Cum=105 and K,=0.44 for the riveted pipe aud computing the resulling
values of (', and K, for the welded pipe. These sssumptions were made beeause
only aboub 10 per cent of the friction loss is due to the How in the riveted pipe;
furlhermore, cnough data on riveted pipes are at hand to justify the values of
O, and K, {or such pipes, although ull the data available are needed to support
decuctions made lor welded and other pipes of types 2 and 3. Tishould be noted
thal Wilking' tests on Nos. 228 and 230—welded pipes with bump-girth joinis—
showed capneitics slightly deficient in capacity when judged by the writer's
formula for pipes of class 2.

No. 160.—Compound riveted atecl pipe—LHtle Brush Creek slphoz, Kermn River No. 3 conduit, Seuihern
Culifornic Edison Ce., Californin {127, p. 5)—Copacity —5& per cent

Linmediately after the completion of the conduib and power housc at No. 3
plant, Kern River, Culif., experiments were mude by Doolittle (187). Corre-
spondence with tho compuny disclosed that the data were platted directly on the
diagram given in the ciled report. From the platied pointe the elements given
in Tebic 2 have been computed.

This giphon was 1,170 fect in length and the bottom of the sag lies 327 feet below
the hydrautic gradient. This gave two straight lege joined by an abrupt bend
ub the sag. From inleb to outlet the sequence of pipe sizes was ag follows;
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Length | THamoter Lhil::;?ligm Type of riveting

Feet
245 114 # | Double-riveted tap, ¢¥linder foints.
40 Triple-riveted ]ng, cylinder Jainta,
1] Douhle-riveted, buti Joints,
340 Triple-rivated, bute joints,
1) Double-riveted, butt foinzs.
44 b1 Triple-riveted lap, evlinder Jolnts.
243 Double-riveted Inp, eyiinder ipints,

Tt is ta be nofed that there were six changes in diameters, by 6-inch inerements.
These changes were effected by taper transition scetions. The values £, and
K, satisly the obhserved less of head for the praper veloeily in each individual
length of pipe for each given quaniity of flow. The lengths of pipe of the same
size are combined for computations,  No correection was uttempted for Lthe loeal
losses in the taper gections and in the bend at the sag.  The pipe is considered
a8 being all of type 1d as the losses in the butt-strap pipe predominate.  Without
the adjustments the average values of K, and C, are 0,573 and 89,7, respec-
lively. However, il is to be noted that K, changes from 0.517 for the lowest
flow to 0.623 for the highest, Lhe corresponding ehange in ¢, being from 95.5
te 85.1.  The losses through the taper sections and for the hend at the sag should
not be ignored,  When more dats are available this series of tosts oy contribute
additional evidence ns to losses in sueh taper seetions and bends,

Tt i¥ to be noted that the greatest local loss secura through the sections of
heavy !hntl;-strap pipe. This is taken as suflicient to place the whole line in
class 1d.

No. 162.~24.inch and 22.inch welded-steel cormpound plne—Municipul supply, Gorden Yalley pipe
lloe, Yallejo, Calit.—Capacity +2.9 per cent

In correspondence with the writer, Augustus Kempley submits data on o
preliminary test for eapacity of the new trunk line supplying the city of Vallejo,

Calif. Thig pipe is full welded, composed of 56,267 feet of 2einch pipe of #e-inch
plate, 20,488 fcet of 24-inch pipe of Y-inch plate, and 35,260 feet of 27-inch
dipe of ¥e-inch plate, making a total length of 115,015 feet, or about 22 miles.
The field seetions were about 28 feet long, each made of two exlindrical courses,
(he ends of the smaller cylinders fitting into the Inrger anes sueeessively.,  The
longitudinal joints were butt welded wilh an electrie are; the field joints, at
cvery alternate girth seamn, were hand welded with an electric are, the smaller
rings being lapped into the larger.  Seetions were shop dipped in a hot asphaltum
componnd and then wrapped wilh a miea covering as o soil protection; ficld
jeints were painied with the same asphaltic compound wnd wrapped.

Bhortly after completivn of the line a st of preliminary runs was made to
ascerlain ils approximale capacity. A new Venturi meter offered an excellent
menng for Lhe measurement of the flow. The overall loss of head ywas detor-
mined hy reading pressure gnuges of the Bourdon type, these readings being to
the pearest pound only. Thus the error of reading might be one-half pound
either way, covering o range of 2.3 feet of head at cach ond of {he line,  How
ever, the total loss of head was se great, especially for {he greater flows, that
the data are probably more voluable than more precise reaclings on a short
reach of pipe, although Mr. I{empkey does not offer {hem as the results of G-
ished tesis.  This line has no projecting rivet heads; an the other hand, the in-
terior is not “conlinuous,” as the term is used in this bulletin, However, u
comparizon will be made with class 3—continnous-interior pipe—an the ground
that computations are made on the basis of the interior diameter of the smaller
rings of pipe and the lower veloeities, with the consequence that the lower frie-
tion lusses in the larger rings eompensate for fhe enlargements and contlractions
of (he lapping eylindrieal courses. The average value of &,~—0.302 {C',=138),
compares with 0,304 for the welded porlion of No. 156, with 0,287 for the straighler
fnll-welded line at Bend, Oreg. (No. 301y, and with 0.342 for the very crooked
Marin line (No. 3{3). These values all indieate that the writer's recommended
K, -+0.32 is conservative,
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DREDGE PIPE
No. 402.—15-ineh steel pipe, Tayloville dam, Obio (97)—Cupacity —4.2 per cent

At the Lime of the consiruction of hydraulic-All dams for the Miami conserv-
aney istrict, Ohio, a series of tests on the loss of head in dredge pipes carrying
clear water was carried oub by 1. B, Houk. Tdentical methods were employed
for all three pipe lines tested. Losg of head was determined by a earcfully cali-
brated pressurc gavge. Velocitics were ascertained by lowering packages con-
taining I ounce of potassinm permanganate and 1 pound of salt into 1he suetion
pipe, which were well distributed in the water by the pump runner and observed
at Lhe oullet ends of the fine. The permangenete’s purple color was visible
when clear waler was being tested.  The salt selution way elcetrically ebserved,
clectrodes of copper and zine slrips being placed one-fourth inch apart in the outict
jek. The needie defiection on a veltmacier checked the aptical Indication of the
eolor, indicating Lhe fensibilily of using the salt alone when mud and gravel
wore rubning in the pipe.  The pipe listed ns No. 402 wns 2,075 fect in length,
compozed of 74 lengths of riveted soft stecl and 56 lengths of welded hard steel.
The pipe units were approximately 16 feet long and were fitted together by
tgtovepipe” joints.  This rench contained one Hap valve; one 30°, four 45°, and
two long-radius 90° bends, and ope Y unil. Obviously n pipe in this service
would be highly scoured on the inside.

No. 104, —1B-Inch steel pipe—Tayloraville dars, Ohio (83)—Capocity 8.5 per cent

Txactly shuilar to the fests deseribed under No. 402 above werc those con-
dueted by [, B, Houk upon another reach of dredge pipe composed of 8 joints
of welded hard steel and 76 juints of riveted soft steel assemnbied by slip joints
inio & lengih of 1,340 feet.  "This reach included one flap valve, one 30° bend
ant two 15° bends, and two long-redins 90° elbows. This series also was run
with clenr wuler slone. The indivated capacity was superior to bthat of No.
402, althoupgh the relalive amounts of welded pipe and other conditions of
reterdation woudd tend to produce the opposite effect.

Nu. (06, —15-inch steel plpe—Englewcod dam, Oble (92)—Cepacity —1.4 per cent

Mr. Houk reporis n series of observations made on & reach of dredge pipe
at the [Englewood hydenulic-fill dam in 2 manner identical with that deseribed
under No. 402, ‘This reach was 780 feet long, consisting of 20 lengths of riveted
soft sterl nnd 26 fengths of welded hard stecl dredge pipe and 60 feet of standard
wronghib-iron pipe bolted together with serew flange jeints. In the reach were
two 15° bends, ane long-radivs 90° elbow, and one fiap valve.  Clesr waler was
nsel for Lhis series of runs,

Nus, 489 to 422, Wnelusive. —Lap-riveted stecl pipe, frem 31,88 1o 34 trehes, nalde df 1 Dischnrge
pipes frum Misninsippl River dredgen {(I13, J3)—Aversge cupacily lesa thun -1 per cent

. B. Muithy gives some notes on the loss of head due fo friction in pipes
I

couveying dredged materiuls, the dredges being the large type used on the
AMississipp liver (115, p. 488y Thiz loss was measured by piozometers inserted
in the pipe lines ab varicus points and by simullancous readings of gruges attached
Lo Lhese piezometers.  Yeloeities in the pipes were determined with Pitod lube.
For nll the fines excopt the Bela (No, 418} the luss included that at the joints
as well 28 through the unib lengths of pipe.  The Heta Hue was stenight, of M-lnch
plate, 23 inches inside dlumeler, made up in riogs about 5 feet in length, these
rings inpping in the dircction of Now. Al rivet heads were countersunk, the
pipe being perfeetly smooth and bright inside as o result of scour of the dredged
muterinl.  For the Befa line capocily was 0.8 per cent less than that ealled
for by the writer's formula.  The pipe connections on the Kappe and the Flad
were ball-end-socket joints permitting deflections of aboul 20° cither way.
The indiented capacitics were 7.7 per cont excessive and 8 per cent deficient,
respectively.  For the olher six dredges the joints were shord pieees of rubber
hose which slipped over the ends of adjoining lengths. These lengths were
generally 50 feel, bub the Bele ling lind some 100-fool lengihs,  Mr, Maitby
plutied Dis observalions for inss of Tead, but the writer's figures are taken {rom
the teble given by Ar, Berridge fu (46},
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SPIRAL-RIVETED PIPE

Noa. 502 {o Sl4.—d-inch and &.inch mpirad-riveted steel plpe, asphailt conted—Erperimental tengths,
Cornell University, New York (I5I)

In 1804 and 1905 experimenis were conducted on 60-fuot lengths of nominal
4-inch and 6-inch spiral-riveted asphalt-coated pipe, the flow being tested hoth
with and against the laps. The results of these tests were reported by E. W.
Schoder and . A, Gehring.  The quantiby of Sow was mensured volumetrically.
The loss of head was messured by water-column differentinl geuges. Al pipes
were 120 fect long, of which the lower 40 feet comprised the tesk length of the
nominaf 4-inch pipe und the lower 60 feet that of the 6-inch size.  All piezometer
holes were L inch in diameter, carefully reamed out and sl loeated in similar
posibion with rcinlion fo the laps, The mean diameters of the experimental
seetions were 4.084 inches for the nominal 4-inch and 5.962 and 5.943 inches
for the nominal G-incb, The flat-head rivets and asphlatum cond contributed
to & eapacity in excess of that indicated for similar pipe when galvanized only,
such as those listed under Nos. 520 to 533. If the tests on pipes 502 to 514
be teken as indicative, conservative values of K, are 0.38 for new-pipe Now
with the laps and 0.4¢ for flow against the taps. The value for flow with the
laps would thus be identical with that offered for ordinary riveting in sheei-
metal pipes in clags In.  (See diseussion under Nos, 520 fo 533, following.)

Now. 520 to 532.—i-inch, B-Inch, B-inch, and T8-Inch spirsl-riveted ateel pipe, eulvanized—Experimental
lengths, Purduc Univervity, Indiana (73}

Beginning in 1017, thesis work of senior students of Purdue University, sup-
plemented by work end further computations of F. W. Greve and R. R. Martin,
resulted in extending the work on spiral-riveted pipes to include those up to
10 inches in dinmeter.  Experiments were conducted on reaches approximately
40 feeb long, of galvanized pipe. (Note that Nos. 502 514 were on nsphalt-
corted pipes.) Al pipes were of 16-gauge metal. Tests were made both with
and agninst the laps. Loss of head was determnined by differential gauvges ai-
tached to piczometier rings with multiple-hole connections to the water prism.
The gauges were water-snd-gir columns for low flows and mereury columns for
higher velocities. The quantity of waler was determiined by weight.

The results of these tests showed capacities for the 4 and § inch sizes of gnl-
vanized pipe to be but slightly less than Gehring and Schoder found for similar
pipe when nsphalt-coated (Nos. 502-514), However, for the $-inch and 10-inch
sizes the relalive capacities were materinily less. The only difference apparent
was that between the asphalt coats and the galvanizing coets, the asphalt tending
to round over the fiat rivet heads and leuve them less in evidence than was the
case with Lhe galvanized coats,

The capacily compuintions, based on values of K,=0.38 for flow with the
lups and 044 for Dow against the laps, showed o stight defieiency, while Schoder's
tests oo asphalt coaled pipes showed a slight excess capacity. In the final
recommendalions, values of K,=0.44 for flow with the laps and K,=0.48 for
flow against the leps, are offered a8 more couservative for field installations,

CORRUGATED PIPE

No. #tid—34-ineh corrugusted lron pipe—Cutfall scwer, El Pase, Tex, (168, T06)—Capoeity +12.1
per cunt for Mo, 602 and —! per cent for No. G602

I'm August, 1913, the city of El Paso commenced discharging sewage through o
{emporary outinll of 24-inch corrugated pige, 3,784 fcet long and between a
o]

pumping plant and the sutlet in the Ri vende.  The line was of standard
galvanized iron, the seclions lapping one corrugation. Soon after eomblotion
of the line . H. Todd conducted tests for the defermination of capacity. Gauges
wore seb ol three points on the line, giving the loss of head through a rench of
straight pipe 1,088 feet long and through a reach containing a aurve, 1,770 foe
long. Al the oullet end the water was cheeked by a partition board so that the
pipe flowed Toil throughout its length. Quantity of water was determined by o
well-made reclangular weir between the outlet and the river. The piczomoter
connections were similar to those used by ihe writer, consisting of small hrass
Lubing sealod at the end but drilled on the side. These tubes were thrust into
the water prism at the horizontal dismoter of the pipe, through the smali-diameter
corrugalions. This areangement placed the actual piezometer orifice well out
in the waler pristi, awny from the henvy eddies caused by the corrugations.
From Lhe piczemeters, rubber tubing led to gange glosses mounted beside paper
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seales. These glasses were set by levels ao that the loss of head was determined
by direet readings of the three water columns. The elements of the observations
were nob given iz (168) but were furnished in correspondence by Mr. Todd.

The results of these observations ean probably be best discussed in terms of
the Kuiter formuln, ns all the meager datn on this type of surface were developed
in the same way. For the straight pipe the average value of = was 0.01983, while
for the section including the curve this avernge n was 0.0212. It is interesting to
compare these figures with those found by D L. Yarnell and his associates in the
laboratory at Town City, Towa: “The coefficient of roughness, =, in the Kutter
formuls, for the corrugated metal pipe ranges from 0.019 for the 12-inch size fo
0.023 for the 30-inch gire” (183, p. 10}. An increase in the value of n with an
inercuse in pipe size is characteristic of all pipes.

APPENDIX 2

No. 237.—Dxperiment 8-130a—c-d—65-inch welded sleel pipe with riveted field scams—NMokelumne
Aqueduct, Eust Bay municlpal utflity dlatelct, Culifornia—See No. 164 (38)—Capacity, rexch 227a, -3
per ceni; reach 227h, +7.% per cent; rench 227c, +5.2 per cent

The new squeduct, leading from Pardee Reservoir, on the Mokelumne River,
to the ecities of Oakland and Berkeley, and other fowns, comprising the East
Bay municipal utility district, wes placed {n operation during the summer of
1829, A short time lator & test for the determination of the initial coefficients
of retardation was made in inforinal cooperation with the cugineers of the dis-
trick. ‘This lost was made ou four separate reaches of steel pipe line aggregating
some 80 miles in longth,

The various naits of this pipe were fabricaied in the shop by bending two
plates, each 30-fect long, to tho curve of the pipe and electrie-welding the two
straight scams. (Plale 1, D.} Thus the only girth scams were those made in
tise ficld, for the most part by riveting through a bell-and-spigot joint, formerly
called & “straight-bump” or through buit straps. That is, the various unils
are eylinders of equal size.

Mereury U-bube columns were 'seb up at five points beiween the dem ai the
reservolr and the pumping plant at Walnub Creek, The pressure head in the
pipe line operated on the mereury gauges through standard -inch valves in the
pipe conneclions of five air valves at summits. Al of the conneetions were thus
idenlical and the differsnce in elevations of the summits of the various water
columps egurivalent to the ohserved mereury columns of coursc gave the loss of
clevation as the waler flowed from gnuge to gauge. The guantity of flow was
mensured ot Lwo Venturi meters, one near the dam and the other at the pumping
plant mentioned above. These had jush been checked by observations of the
mercury test-columns, The metered flow was checked by two observations of
the veloeity in the last 10 miles of line, timing shots of potassium permanganate
and of finoreseein. A correction of aboub one-half per cent was necessary.
The tesh wos made ab bub one flow, the maximum possible for the stoge of water
in the reservoir, at much less than full capacity. The booster pump at Walnut
Crock was operated {o maintain o uniform pressure of but & or § pounds at the
intuke pipe.  Readings of the various gauges and of the Veniuri meters extended
over & period of 5 hours, at intervals of 15 minutes. Three of the mercury
columns reflected pressure heads of less than 50 feet but two of themn required
the long leg of ihe mercury column to be from 19 fo 22 feet-—believed to be an
unprecedented head for a portable mercury gauge. For coach gauge a single
sight wilh & Y level carried the elevations from bench marks set in the concrete
tops of the valve boxes. These bench marks represented the final level compu-
iutions for many parailel level lines.

The neeessary temperature readings were taken in order to convert the par-
Hewlar merenry column for the particular temperature at that moment, to the
equivalent waler eolumn at the average particular temperature in the whole
saueduct, 80 miles long, that had a bearing on the pressure halanced by fhe
mercury column.

“Phe writer tegards these observalions ag deserving higher regard than ony
cimilar tesks previously made.

The coethicienis of retardation nll indicate a capacity slightly above that when
computed Ly the coeflicients recommended in this bulletin,  Howcever, {his ex-
cess is not greater than should he expected since the conditions for this aqueduct
were more favorable than would usually be the case. The reaches are long and
relatively straight in hoth pian end profile.  The costing was considered among
the hest obtainable, regnrdless of eost.  As shown in the photograph (Plate 1,
Dy, there were no wrinkles or bumps, so often found after dipping.
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Reach 227s, ahout 22 miles long, of bell-and-spigot pipe, in plate Yo and ¥
ineh thick, extended from the dam, out through the rolling foothills to the floor of
the valley, It had more curvature and more undulations of profile than the
other portions tested. The retardation coefficients indicated. a capacity some
5 per cent lese than that of the more distant portions of the line. This phenome-
non was commented upon by Milla and a formula was developed to indicate the
difference in lines close to reservoirs and those farther away. However, the line
had heen in operation such a short time that the writer does not believe this
accounts for the difference in coefficients. The coefficients for this reach indicate
sapacity less than 1 per cent better than do the cocfficients for the reach just
beyond, No. 164, a compound pipe some 25 miles long, Reach 227b lies beyond
the compound pipe, on the flat Hoor of the valley. The straight lengths so far
exceed the curveture that it can be considered as a straight pipe. While ahout
18 miles in length, this reach contains nearly 5 miles of pipe with field girth jeoints
abutting without rives heads, Some of these icints were butt-welded with acety-
lene foreh bub for the mest part they were electric welded under butt-strap
sleeves.  This reach classifies midway between classes 2 and 3. The coefcients
for this reach are in close conformify with thase found by Randlett on the Port-
land, Oreg., pipe (No. 226) and by Kempkey for the Vallejo, Calif., pipe (No.
162;. Reach 227¢ some 22 miles long was sll single-riveted under but{-straps,
of plates either ¥ or ¥y inch thick. The thickness of plate does not affect the
capacity in this case as the pipe sections were all eylinders of identical size with
abutting ends. Here, too, the capacity is more than would be computed for this
type of pipe according to the writer's formula, but it is believed that the condi-
tions surrcunding this pipe warrant such an excess over that computed for usual
conditions. (See pipe No. 164, which is a resch of compound pipes placed be-
tween 227n and 227b.)

Nao. 161.—Experiment S-135b—Cosmpound nlpa, §4 to 65 inch, Mokel A duct, East Bay
utlitty distrlet, Culiforniu—-See No. 227 (39)— Capacity 3.9 ger cent

Just following the reach described as Neo. 227a the agueduct at present (1929)
consigts of some 26 miley of pipe of various sizes, all of ¥-inch plate, welded or
lock-bar seamed in the longitudinal joints and mostly double-riveted under
butt straps at the field girth seams. The gsequence and distribution of sizes is
given in Table 2. The only part requiring explanation is at the triple river
crossings where the flow in a single pipe is divided between two $4-inch pipes,
again returning fo a single pipe affer ench crossing. The assumption is made that
the fow divides equally ; hence that the velocity is but half thab if the full low went
through one 54-inch pipe. However, the retardntion loss is, of course, running
simultanecusly in the two pipes so it is compirted for half flow in a single pipe.
This reach is so long that local losses at the transitions betweon sizes can be
ignored, The overall loss of head between mercury columns was nearly 102 feet.
Agide from the dips at the river crossings this reach cxtends over perfectly fab
country and has but little curvature. The coefficients of retardation are slightly
better than for No. 227a, preceding.  Likewise they are inferior to those for Nos,
227b and 227¢ following, showing a progressive improvement in eapacity factors
a? dislém;ce from the rescrvoir is attained, (See No. 227 above for description
of tests.
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