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IN'IlRODUCTION 

The carrying capacity of pipes made of sheet and plate steel or 
iron as used in general serVIce for the convevance of water under 
preSSUI"e is discussed in this bulletin. The dIscussion does not in­
clude pipes of cast iron, lead, brass, tin, or iron or steel pipes lined 
with various materials, such as cement, concrete, or wood, nor does it 
include pipes flowing partly full. Corrugated metal J>ipes flowing 
part full are covered in other publicc.tions (182,183).1 The majority 
of pipe lines discussed in this publication are of riveted steel.2 

The research work, in conducting field experiments and in collect­
ing all other known data on the subject, was for the primary pUI"pose 
of determining the proper capacity of pipes for the conveyance of 
water for irrigation use. The laws thus developed of course apply 
equalJy well if the water is to be conveyed for power, domestlc or 
other use. 

'Italic figures in parentheses refer to .. Literature cited," P. 128. 
J E5SCntiaUytbe subject is that of the fiow of water In riveted steel and analogous pipes; that is, .in otber 

shee.t and plate metal pipes tbat are partially riveted or bave been Cormed by metbods that replace tbe 
riveting prot'CSS. The discussion is bused on field tests Cor the most part; tbese were madp. on pipes in 
colllmercial operation as distinguished Cram perfectly stralght lines set up Cor laboratory tests. ThIS bulle­
tin is alTered Cor use of engineers and other ollicinls designing and opernting metal pipe lines (except cast 
iron) Cor irrigation, power. municipal, lIlini:lg, dredgin!:, or other purposes, and for courts and attorneys 
nt law Interested in cnses Involving the currYing cupacitles oC such Iueta! pipes. 

O:!210 '-30--1 
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Examination of practice in selecting pipe forconv~ying irrigation 
\Yater shows that sheet steel and iron pipe divides the field with con­
crete and wood-stave pipe and, to a limited extent, with vitrmed­
clay pipe. Ma.ny irrigation systems in southern California have 
extensive mileage of both metal and concrete pipe operating under 
conditions essentially identical. In municipal use, main trunk liD.es 
from the source of supply to the city are built of many materials, 
with steel sheets or plat€s, concrete, and wood staves predominating. 
In the development of hydTOelectric power the flow lines under 
moderate pressure are constructed of wood S"w ,:es, concrete, and steel 
pI utes, but penstocks down the main power drops are almost invariably 
made of steel plates, either riveted or welded. As a rule large in­
verted siphons on irrigation, power, or municipal supply Jines are 
made of steel plate, concrete, or wood-stave pipe. 

This bulletin deals with pipes of nominal 4-inch size and larger. 
Several bulletins recently published by various institutions discuss 
Dow of water in particular kinds of small metal pipes. To save 
space, relevant detailed data fr,';~' these bulletins will not be repeated, 
but the net results of each experiment cited will be converted to a 
common basis £01' comparison. The bulletins referred to comprise 
tlte following citations: (68, 72, 73,31). 

Heretofo.re the' designation "riveted pipe" or "steel pipe" has 
gene.rully been considered specific enough as a basis for recommenda­
tions covering capacity, but such pipe will now be separated into 
three major dasses: (1) Jfull-riveted pipe, (2) girth-riveted pipe, and 
(3) continuous-interior pipe. Different coefficients of retardation 
will be suggested for each class. It will be shown that thin-sheet 
pipe with nat-head ri\'ets well buried in coating material-a type 
of pipe commonly used in inigation practice-has a capacity appre­
dably above thtlt of plute pipe with the usual prominent rivet heads. 
It has long been understood that metal pipe deteriorates in capacity 
with age, but enough significant data are now at hand to form the 
basis of a l"E'asonable tentative law for deterioration. 

It has been often suggested that the laws of fluid similarity and 
the viscosity of water as influenced by its temperature be considered 
in the derivation of capacity formulas. This has been done, but in 
making recommendations the author suggests coefficients for a 
temperature of 15° C. (about 60° F.), and then shows the percentage 
dillerence in capacity for any ot.p,er temperature that may be used 
as a criteIion-thi" difl'erence, however, is so small that it may be 
neglected for most practical cases. This is true because the coeffi­
cient, which probably would hold in any particular conduit at any 
ptLrticultu' time is much further from precise determination in advance 
than any difi'erence temperature would produce. If it had not been 
true, such formulas as the 'Williams-Hazen could not have attained 
their high standing through a period of 25 years and still disregard all 
influence of yiscot'ity, except as this influence existed in the base data 
used in the formulas' derivation. 

http:Heretofo.re
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NOTATION 

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

d=Mean inside diameter of the pipe in inches. 

D= Mean inside diameter of the pipe in feet. 


• Q=Meau discharge of the pipe, during the test, iu second-feet. 
A=Mean area of the pipe bore, in square feet. 

V=Mean velocity of the water, during the test, in feet per second. 

L=Leugth of reach tested, in feet. 


hl=Head of elevation lost in overcoming internal resistance, in feet = /~~o' 
11 =Above loss (usually termed friction loss), per 1,000 linear feet of 'pipe

1,000 hI 
=--L'-' 

h.=Head of elevation lost in creating the mean velocity, V, in feet; called 
velocity head. 

p= Wetted perimeter; in II. pipe uuder pressure, the inside circumference, 
=7rD or 21rr, ill feet. 

R=Hydraulic radius =~; in a circular pipe, uuder pressure, =~, iu feet. 

s=Hydraulic grade or slope, in feet per foot of length of a pipe of uniform 
. h,

size =Z· 
O=So-called "coefficient of retardation" in the Chezy formub. 
n=" Coefficient of roughness" (67) in Kutter's f.ormula. As it appears in 

the formula, n is not a coefficient, mlLthematically considered. 
C,o,·-::Retardntion coeiIicient in the Willimns-Hazen formula, liS named by its 

authors (J 80). Some presen t-day writera cull it "Hazen-Williams." 
/=Retardntion coetlicieut in the Weisbach formula. 

K=Hetardation coefIicient ill thc general exponential formula for flow of 
watel' in pipcs. 

K.= General coetricient in the particular formulas olfered ill this bulletin on 
pagecS 10 ILud 79. K.' is this value for Ilew pipe. 

.M= Hctardation cocflicient in nny one particular pipe equation (14, p. 79). 
It is the intercept on the liue V = 1 When the equation is platted 011 
!ogaritlllllic paper n>l in Figure 3. 

1I1' =Interoepl ,M when projected from individual points at the accepted 
/ilope of 1.9. Used only where data are insufficient for development
of .Ill. 

p= 
Ii'" 

...mCIllU.
t".

IC VISCOSI 
·t

)' 0 
f \\"ater=---derlsity--'absolute viscosity.gIven 111

. tlIe r,v. G . S . 
syst,c1I1 ILnd in English units in Table 6. 

m=H.etarrlation cocen("ient when viscosity is considered, as ill formula 20, 
page 79, und in column 15, Table l. 

e=Base of Nnporiun logarithms; equal to 2.7183; found in exponential 
formulas involving the laws of orgauic growth, of organic decay, of 
("()mpound interest, and ()thers. In this bulletin such a law fits the 
d'Ltn as to the increase in the retardation coelIicient with the passage
of time, t ycars. (i:iee p. 89 ULld fig. 7.) 

Sheet-metal truekness is referred to by gauge number for pipe lise, 
ranging fl"{.Hn one-forlieth inch for No. 24 to three-sixteenth inch for 
N"o. 7. Plate metnl runs from three-six:teenths inch to 134' inches or 
more in thid:ncss. 

Eaeh rNleh of pipe test('C1 is given a number, carried consist,ently 
through Tables 1 to '1 (png(\s 23 Hud (3), Figure 3, Hnd the description 
of the experirnel1 bi giveJl ill the te::t or the Appendices. These should 
not be confused with the Ilumerical references to the litertLtUl"e 
ci tntions, which are in italics. 
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FU LL-R1VET.EO PIPE. CLASS 1 


Double-riveted sheet-steel pipe 

Classlb or Ie "Slip-joint-type, Class la 
Taper:Joints 

, \~::,r'i ..:\ ....~...:...:..~... :.., .::.\:W~ I ....................... :...:~
i 
I 0::: 

\,j Ji.;::J 
Bult-strap pipe Spir'al-riveted flange jointsCylinder·joints 
Class Ie or Id Flow with laps. Class la.Class Ib or Ie 

GIRTH-RIVETED PIPE. CLASS 2. 

Tapered bump joints 

Sintle riveted 


Straight bump joints 
Double riveted 

CONTINUOUS-INTE.RIOR 

Welded pipe 

Riveted flanges 


Lock-bar pipe 

Taper or bull-strap joints, riveted 


Class 2 

Flush welded flanses. Class ~ 


PIPE.. CLASS 3 

Plain end coupling jointWelded pipe Bell.and-spigot pi pe 

flush joinh 

FIGURE t.-Typical Joints •. hat distinguish the various types or riveted steel and analogous pipes. 
Fuil welded pipe is omi.ted as the interior is heJt shown in photographs as on Plato L (See 
p. 12 ror explauatiou or suhdivlsions or closs 1 pipes.) 

http:LL-R1VET.EO
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TYPES O}' 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 carrying 
capacity. These surface difl"erences are immediate in cfl"ect, and are 
in addItion to corrugations of coating or later developments of 
chemical action, rust blist~rs, and tubercles. Sheet-metal pipe is 
made in thicknesses from one-fortieth inch (No. 24 gauge), up to three­
si..-xteenths inch (No.7 gauge). Plate-metal pipe is made from plates 
three-sixteenths of an inch up to 1U inch or more. Obviously the 
thickness of metal has a bearing on the Tetardation of flow. Where 
the metal is lapped, thin sheets present slight ofl"sets but plates offer 
material obstruction. Thin sheets can be crimped into unobtrusive 
seams or l'iveted with fiat-head Tivets ,vell bUTied in a coating, 
while riveted plate pipe is usually seamed with protruding cone­
headed rivets. Occasionally rivet heads are countersunk: more or 
less completely. (PI. 5, A.) 

For pipe up to 5,Vz feet in diameter a single longitudinal seam is 
necessary; from 5% to 11 feet, two seams; from 11 to 16 feet, three 
seams j and from 16 to 21 feet, foW' seams (32, p. 4-24). Butt-joint 
pipe usually means "double butt-strap pipe" with straps both inside 
and outside. (Pi. 6, A.). For butt-joint pipe with the outside strap 
only (pI. 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 a.re 
described below. 

T'ull-riveted pipe has aU seams, longitudinal, girth, or spiral, held by project­
ing-head rivets. 

Cirth-riveted pipe has circular, "roundabout," or girth seams only, riveted, 
the longitudinal or straight seam being welded, crimped, or "locked" into a con­
tinuoU6, more-or-less SIIlooth bead. Welded pipe with screw joints also comes 
under this class, the excess threads OIl the inside being taken as the equivalent 
of girth-rivet heads. 

Continuous-interior pipe has longitudinal seams as in class 2, while girth seams 
are not evidenced by allY material interior obstruction; includes full-riveted or 
girth-riveted pipe if all rivet heads are countersunkflu~h with the surface. 

FULL-RIVETED PIPE 

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

Cylinder joints, also called" in-and-out," or "parallel" joints made with alter­
nllte rings of inner (slllllller), and outer (lluger), "courses" of pipe, which pro­
duel' an enlargement and contractiou of the water priSII1 to the extent of the shell 
thickness for eadl ring of pipe. The girth s('am is generally single riveted, but 
somrtimes cloubk'-rivrt('d. Longitudinal scams are single, double, triple, or eyen 
quudruple, depending on the pressure hettd. The nominal diameter of the pipe 
is that of the inside of the smaller rings. 

Taper, slip-joint, or stoyrpipe joints are similar to cylinder joints, except that 
each rillg has a slight taper and is lapped outside the ring upstream and inside 
the ring downstream. (Fig. 1.) The term "taper" is usually applied to pipe 
made of plates three-sixteenths of an inch thick or thicker, and rarely less than 
24 inches in c1inmeter. Thin sheet pipe is now made of tapered units and gener­
ally termed slip joint pipe. As implied, the field joiuts are made without rivets, 
the end of one length merely being slipped into the larger end of the adjoining 
length. Tightness is secured by preheating the coatings of both pipes at the 
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joint. Slip-joint pipe is made in sizes from 4 to 36 inches and of metal up to 10 
gauge in thickness. In sizes over 20 inches of lO-gauge sheets and heavier, the 
field joints may be riveted if desirable. 

Spiral-riveted pipe consists of a single ribbon of metal woune! spirally with the 
edges contiuuously 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 shnlllk-and-peened joints. The standard practice is to lay the pipe so that 
the flow is "with the laps." (See arrow ill fig. 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 
type (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. (PI. 3, C.) In practice the inside straps 
sometimes form a continuous band down the top of the pipe (pl. 6, A) and some­
times alternate in position. The abutting pipe rings of course favor high 
earrying capacity for the line, but the large number flf rivet heads--eight rows in 
thc case of quadruple-riveted pipe-appears to have a marked retarding infiuence. 
Where the inside strap is not continuolls, there is, of course, a series of strap 
ends to retard the fiow. 

GIRTH-RIVETED PIPE 

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 longitudinal seams, and (2) in units with spiraled seams from end to 
end of the unit. The former type is made of both sheet and plate metal. Sheet­
metal 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 larger. Lengths are the same 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 interior of the assembled line is unbroken 
except for two lungitudinal beads of the locking rods and the girth seams every 
30 feet. These girth seams are roughened by a single or double row of rivet 
heads for :he taper-juint pipe and at least two rows of rivet heads for either the 
riveted-fian"", joint or the outside butt-strap joint. However, the taper joint 
has an offset causing expansion of the jet to the extent of the plate thickness, 
while the flange or butt-strap type allows the ends of the pipe shell to be flush. 
The retardation caused by the double row of rivets would probably be approached 
by that of the single row plus the influence of the jet expansion. This type of 
pipe is factory-dipped vertically after being preheated. One of the first pipes 
of this kind was the famous Coolgardie line (No. 314) laid about 1902 in Australia. 
However, this particular' pipe had abutting joints under leaded sleeves; hence 
the interiur is classed as "continuous." 

The spiraled lock-seam pipe is a new product made of sheet metal from 16 up 
to 10 gauge, in diameters from 4 to 30 inches. The interior is continuous except 
for a small 1'piral groove adjacent to a thickness of metal ribbon reinforcing the 
seam. 1t is probable that the influence of this ribbon is less than that of the flat 
rivet heads in the spiral-riveted pipe. 

Seamless pipe has ('it her been drawn through a die or has adjoining edges of 
the platt'S so fused tbat practically no joint is perceptible. This type of pipe 
has bpl'n USN.! extpnsively in Europe and to a lesser extent in this country. 

Weld('d pipps arp of two kinds, hammer weld and electric weld. Hammer­
weld pipe has iht' IOllgitudina.! joint Illade as the term implit'sj tbe edges of the 
piak an' hammer forged into a tight joint. The pipe sections are made of plates 
olle-fourth inch to IV2 inches thick, in sizes from 20 to 108 inches or more in 
ditu[Jl'ter. The field (girth) juints llre mude in various ways, which are classified 
as girth riveted ur cOlltinuous interior. (Fig. 1, p. 4.) 



7 

, 

THE FLOW OF WATER IN RIVETED STEEL PIPES 

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 class of continuous­
intcrior pipe. This type of pipe is also welded spirally with abutting edges, in 
diameters from 4 to 48 inches. In sizes above 60 inches the long seams are success­
fully weldcd in the shop, tJU'G field welding of girth seams, without the usc of a 
butt strap, has not bccn successful as yet and the present practicc is to rivet thc 
girth scams. (PI. 1, B (38).) These seams are usually made, for large penstocks, 
by means of thc bump joint, shown in Figure 1. The unit rings are usually of 
the same size, without taper, but the ends are crimped or bumped to form a lap 
and are thcn single riveted or double riveted. The minimum size for this type 
of joint is 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 ofl'ers no 
obstruction to the flow of water, the interior surface of the pipe may 
be considered 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 FJELD UNITS 

Metal pipe is usually delivered in the field in lengths of 20 to 40 feet 
for small, 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 larg(' riveted pipes arc usually shop assembled in three to five 
ring", or ('ourses. The rings are made of plates from 5 to 8 feet wide. 

Spiral-riveted pipe comes in len~ths 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 
minimum because of the effect on capacity. 

NOMINAL DIAMETERS 

In all computations of pipe capacity it is important that any 
appreciable differences between nominal and actual interior diameters 
he 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 differences in 
~bell thickness affect the inside diameter only. The nominal diam­
eter is appreciably less than the actual diameter up to about lY:/-inch 
pipe. .For larger sizes, up to 15 inches, the nominal and actual diam­
('Lers are reasonably alike. 

For sheet or plate pipe of cylinder-joint type the nominal diameter 
should be that of the interior of the smaller rings or COUTBes. For 
similar pipe with taper joints, the nominal diameter "hould equal 
that of the interior of the smltll ends of the courses. Thus for cylin­
der 01 taper pipe the average size is larger than the nominal size; 
hence the average velocity is less than that computed for the nominal 
size, and the actual retardation is consequently less than that neces­
sary for the nominal-diameter velocity. The extent of these differ­
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ences is measureu 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 general law of falling bodies, and the 
velocity tends to become constantly accelerated. In a pipe this 
tendency toward constant ar "~leratioD is balanced by the influences 
retarding the flow, and a unLvfm velocity results. 

For a piRe carrying flowing water under pressure, the difference in 
elevation HE (fig. 2), betwe<>D the surfaces of the water at the intake 
and outlet, is the effefltive head through which the force of ~ravity 
acts. The lost head of elevation is made up of several individual 
losses, as follows (fig. 2): 

_ .JJ..af(f{21:::.'J:..­
r:c.5. 

FlOURE 2.-Uydraulic elements fo~ loss of head In pIpe 

V2 
Velocity head = hu = 2g (1) 

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

Entry head = he (2) 

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

Friction head, h" 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, ('specially if diameters are small. This IS the loss upon which 
the experiments described in this bulletin w('['e concentrated. 

In addition to the above losses there may be others, such as those 
due to bends and valves or other obstructions; but in ~eneral, such 
losses are not considered in th0. 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 that such losse~ may be disreg~rded. 

If 1775, Chezy, a French engmeer, offered hIS now well-known 
formula fo.1." the flow of water in both open channels and closed 
conduits: 

v=c..jR8 (3) 

Here a 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 
und made only such modifications as experience showed to be 
necesRary. 

Since the hydl'l1ulic elements secured in the field experiments fur­
nish the necessary data for the determination of the factor represent­
ing the retarding jnfluence in all the formulas most used in this 
i'ountry,. this bulletin will show the retardation factor as developed 
by field tests for several formulas, as follows: 

(a) The Chezy formula (27, 159, 61, 86, 126) 

(4) 

(5) 

in which a is elaborated so that it takes into consideration the influ­
ences of the hydraulic grade and the mean hydraulic radius, and 
introduces a new variable, n, which was supposed to represent all 
the retarding .influences. For open channels the value of n 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.) 

(c) The Weisbach formula,3 which has been used in textbooks as 
a general formula for flow of wuter in clean pipes. It is best adapted 
to use on short lines with many special features so that the several 
individ ual losses can be summed up as so many "velocity heads." 
The following basic equation can be established by usual hydraulic
reasoning: 

(6) 

Cd) The Williams-Hazen general formula (180), for many kinds 
of pipes: 

(7) 

"l'his buslc (ormula, in vorlous (orms, ~un ue Identified as tbat or (,hezy, Darcy. Weisuocb, or Fanning. 



10 TECHNICAL :BULLETIN 150, U. S. DEPT. OF AGRICULTURE 

which may be arranged in the form­
Vl.8li2 

H =7cD 1•167 (8) 

The authors of the formula suggest 110 as the proper value of Ow 
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 formula and not desiring to change to a new 
one may have the best suggestions offered by the available data and 
in terms familiar to him. 

(e) For the reasons given on pages 77 to 88 the writer offers the 
following formulas, which include viscosity influence for a tempera­
ture of 150 C. and differentiate between various types and classes of 
sheet and plate metal pipe by means of coefficients, which are them­
selves constant throughout the whole range of sizes and velocities for 
a given class of pipe: 

• V1.900 Vl.9 
H=K. D l.loo=K. D l.I (Compare with formula 8) (9) 

HO.620Do.68 ., HO.53Do.68 
V= K.0.526 ' for working formula, say V = K.O.53 (10) 

0.785 HO.626D2.6S " 0.78 HO.63D2.58 
Q=--K;if.52U---' for workmgformula, say Q= K.O.53 (11) 

It should be noted that the above formulas are for new pipe, when 
used with the values of Ks' given on page 12. It has long been 
appreciated that all metal pipe deteriorates in carrying capacity; 
the mte of decrease being dependent on the efficiency of the pipe 
coating, the composition and. treatment of the pipe material and the 
activity of the water conveyed in the pipe. Filtered and treated 
water eauses less deterioration than raw water. Long lines deterio­
rat~ n~ore rapid~y at the upper. ends than. at the l~wer ends. 

So lar as aVaIlable data mdlCate, the Increase m the value of K. 
with flge (see p. 88 and fig. 6), is expressed by the formula-

K. = Ks' eO.016! (12) 

where t is the age, in years. When t is 0 than Ks becomes Ks'. 
In order to study the probable performance of a proposed pipe line 

throughout a long period of years anyone of formulas 9,10, or 11 may 
be made progressive by substituting for K. various values of Ks' eQ.Ol5! 

as taken from Table 7, page 89. Thus formula 9 becomes­
Vl.9 

H = (K I eO.OI6t) --- (13)• Dl.l 

Where it is required that the capacity of a line be determined as 
closely as possible at a certain age to meet the requirements of a 
given painting, building, or extension program then the values of K. 
for that age can be taken from the diagram in Figure 7, or from 
Ta.ble 7. Initial value of Ks' as given in classes 1 to 3 below are' for 
new pipe with water at a temperature of 150 C. A variation of 100 

http:HO.63D2.58
http:HO.626D2.6S
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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 a maximum in very cold 
weather, then the value of V should be modified ,by the percentage 
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 
to another. Hence relative capacity is a true measure for conduit 
comparison. Obviously the larger the pipe, the more water it will 
carry. However, a similar result may be attained, to a marked 
degree, by improving the character of the interior surface of the line. 
A quarter century ago, in economic studies of water lines, relative 
values were assigned to unit costs of pipe of iron, steel, wood staves, 
concrete, or other material. Oonsideration was also given to the 
strength and probable life of each material. There, with a few 
exceptions, the comparison stopped. To-day, practically no line of 
magnitude is considered without comparison of the 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 a request for 
bids on pipe of a given size for certain material and type of con­
struction, and on larger sizes for other materials and other types of 
construction that are known to yield pipes of inferior capacity. 

A glance at Figure 1 (p. 4), and pages 5 to 9 shows that a great 
many classes might be considered in a study of sheet-metal and plate­
metal pipe. It is 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 chemically protected with a coating that 
forms the true interior surface, at least during the first years of the life of a con­
duit. Coatings are many and varied. Some use for a base such materials as 
asphalt, coal and water-gas tar, and other hydrocarbon compounds. There are a 
number of compounds and trade-name products. Paint and galvanizing are also 
used. The life and efficiency of a given coating wi~h a gi' en water is a material 
factor in the progressive capacity of a pipe line. T})e m'!'Ghod of application has 
much to do with the life of a coating. No perticular C)ating is associated with 
a particular mechanical type of pipe. Innumerable combinations are possible. 

Since most coatings are of appreciable body and tend to submerge minor 
differences in original surfaces, many special trade-name pipes merge into the 
same 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 catalogues 
but do not differentiate between capacity classifications. Categories used in this 
bulletin separate such types. 

Obstructions-rivet heads, plate offsets, blisters, tubercles, etc.-have much 
greater influence than appears possible to the eye. It has long been known that 
an occasional obstruction has greater eF.ect than might be expected from the 
combined effect of a number of obstructions. 

A pipe with one or two continuous longitudinal projections such as are found 
on lock-bar pipe or the smaller but rougher beads in most electric-welded pipe will 
be considered the same as a pipe without such projections. Water flowing at 
"commercial velocities" does not follow straight lines, and there must be some 
retardation due to these beads, especially in a sinuous line where considerable 
"roping" of the water prism takes place. The uncertainty as to the amount of 
the retardation and the fact that it is overshadowed by the probuble condition 
of the pipe coating seems to justify ignoring tl;ese projections. 

With the above premises in mind, sheet and plate metal pipe haTe 
been classified, and proper coefficients determined for use in formula 9 
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(p. 10), for reasonably new pipe of each class. The change in coeffi­
CIent is given under" the effect of age" on page 88. 

The three major classes are: 
Class 1, full-riveted pipe, having both longitudinal and girth seams held by one 

or more lines of rivets with projecting heads. From a capacity 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 ihe longitudinal 
seams, but having the same girth seams as full-riveted pipe. 

Class 3, continuou8-interior pipe, having the interior surface unmarred by plate 
offsets or by projecting rivet heads in either longitudinal or girth seams. Not 
necessarily described as "smooth." 

The following are the suggested coefficients: 
Class I-a, K.'=0.38 for new sheet metal up to three-sixteenths inch thick. 
Class I-b, K,'=O.44 for new plate metal from three-sixteenths to seven-six­

teenths inch thick, with either taper or cylinder joints. 
Cluss l-c, K.'=0.48 for new plate metal from one-half inch up, with either 

taper or ~ylinder joints, ana for plate from· one-fourth to seven-sixteenths inch 
t,hick when butt jointed. 

Class I-d, Ko' =0.52 for new butt-strap pipe of plate from one-half inch up. 

It will be noticed that no difference is made, in class 1, between 
lap-riveted pipe of either cylinder or taper joint. Although there are 
appreciable differences in these joints, they seemingly reduce to 
apprmd.mate equality 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 compensated 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 
pille. As a rule the number of rows of rivets increases with the 
thickness of the pldes and inherent differences in capacity are included 
in the classification on the basis of plate thickness. 

Class 2. Ko' = 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 lap or flange-riveted field (girth) joints; electric-weld, 
hammer-weld, and drawn pipe with riveted bump joints j and all 
other types with surface contmuous excepb 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 rmgs of rivets for flange or butt-strap joints with 
exterior strap unly. 

Class 3. Ko' = 0.32 for new continuous-interior 4 pipe. This .class 
comprises all types of sheet and plate metal pipe that offer a prac­
tically uniform mterior surface of relative smoothness. Full-welded 
crimped slipjoint, lock-bar with welded flange or leaded sleeve con­
nectlons, bell-and-spigot, bolted-coupling pipes, all belong to this 
class. 

I"Continuous-Interior" Is offered os descriptive of an interior surface unbroken by rivet heads or appre­
ciable shell·thickness olTsets. Use of the apparently obvious synonym "smooth" has purposely be<ln 
uvolded, lIS thIs description might hold only while the pipe is new. 

http:K.'=0.48
http:K,'=O.44
http:K.'=0.38
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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 
(153) pipes a definite trend of thought can be followed, all concentrated 
in the period of the present generation, as these two materials have 
com., into general use during this time. Riyeted 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. Metal pipe--lead, 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.) 

Darc:r and Bazin, after their ,pioneer m,:periments 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 tho binomial form, for clean cast iron and tuberculated 
cast-iron pipe. Francis (63) in 1872 converted this formula into 
~nglish measures and it has since been used more or less for cast-iron 
pIpe. 

By the time Hamilton Smith made his experiments (1873-1876) 
it was definitely known that the carrying capacity of cast-iron pipe 
decreased, both by the throttling of the conduit 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 
(53) nor Flynn (61) mentions riveted pipe as being in a category 
separate from cast-iron pipes, which they discuss at length. It appears 
quite eertain that riveted pipe was first given definite individuality 
by Herschel (86) in 1896. 

For at Least 30 years riveted pipe has been placed in a distinct cate­
gory and definite ideas have been expressed in regard to the capacity 
as distinguished from that of cast-iron pipe. Deyelopment. of pipes 
now classed as girth-riveted or continuous-interior commenced about 
1900. These have grown up as analogies of riveted pipe and it is but 
natuml that their capacities should have been eonsidered along with 
that of riveted pipe. It has been known for some time that their 
caparities exceeded that of full-riveted plate pipe, but the degree of 
this excess has remained a 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 
diameter and 15 miles long, laid in 1868. Numerous 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 name stovepipe which is 
used to this day for this type of joint. 

In the early seventies Hamilton Smith, then engineer for mining 
properties in California, started the classic observations and studies 
that n'slilted in his Hydraulic's (159). Be made careful tests of the 
loss of hNld for various yeloeities i.n pipes from 11 to 30 inches in 
diameter, !Llld computed the resultil1g values of Gin the Chezy formula1 
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which apparently was the only formula used to any extent in this 
country until about 1900. (Pipes Nos.9, 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 1876, L. L. Nichols, 
under the direction of J. N .Tubbs (170), made measurements that were 
offeredasgaugings, showing the capacity of the line to be above 9,000,000 
gallons per dllY, although it is stated that the original design, by 
"standard formula," called for a flow of but 7,000,000 gallons. These 
meLlsmements were apparently given full >"eight by Hiram Mills and 
Hamilton Smith, both contemporaries, in. making similar gaugings. 
Both were competent to judge such measurements. 1'iills (122, p. 203) 
\,;ho was at the height of his long engineering career at the tinle of the 
lS76 tests, accepted them 40 years or more later with these words: 

It was at first thought that there Illust be some rn.dieal error tn the early 
measurements but we find the change is olle to be expected f1nd not inconsistent 
with the decrease in discharge Jound ill other like couduits ar.d with the decrease 
that has coutiuued through the following 14 VNl.rs. (From 1876 to 1890,] 

About 1890 two occurrences started an active discussion among 
hydraulic engineers regarding the capacity of riveted-pipe lines. 
These were the construction of a 48-inch trunl\: line to serve Newark, 
N. J., and additionnl tests made on the Rocllester line, then 14 years 
old. (See qllotntion aboye.) According to Herschel (86, p. 10), the 
size of the Newark line was computed origmally by the Lampe for­
mula C~o. 3, Tnble 5), and checked by tables offered by Smith 
(159, p, 271). The figmes given out for the capacity of the Rochester 
line, in 1876 justified the resulting size of pipe, which was slightly less 
than 48 in('hes in dimneter. All the data then available had been used, 
these being Darcy's tests on a 113i-inch plate-iron pipe and Smith's 
tests on riveted pipe in California, the Rochester test, and 011e by 
Hrrs('hcl on a ,'cry short reach of I03-inch pipe in the Holyoke trunk 
liut'. (Pipe No. 77.) 

The N ewnrk line 'was designed for a capacity of 50,000,000 gallons 
pl:'J'day. \Yhen it was put in commission in 1892, the drnft wns only 
about 20,000,000 gallons per day, an.d it was not until 1896 that full 
l'apaeity was requi.red. At this ti.me the maximum capacity was de­
t,('rmillcd as about 35,000,000 gallons per day, from which Herschel 
eiltimated the original capacity to have been about 43,000,000 gallons 
peJ'dlty. 

T1w sec'ond attack on the hycirflulic calculations of the Newark line 
CIHi'l1:' in the form of Rafter's tests (1890) Ilnd KuicWing's tests (1891) 
of the Rochester line (140). Instead of carrying the 9,000,000 gallons 
per day, reported fOI'187.6, the line carried slightly more than 7,000,000 
gallons per day in 1890, less than 7,000,000 gallons per day in 1891, 
Ilnd progressi'"cly less in subsequent years, Even if it were conceded 
that the li:l76 tests were erroneous, here was evidence that riveted 
pipe decreased in ('apa6ty from year to year; but, to quote Herschel 
,regarding the computations for the Kewark line: 

No ILl.\ow!ln('e was Il1ILdr in the computation for deterioration of currying 
(,ILpacitv by the formatioll of tul)('rcles. This was omitted because it was then 
Hupposed lll!Lt sled pipe!:> would not deteriorate in tbis way, like cast-iron pipes, 
or, !ttl tltltLPd in Hamilton Smith's Hydraulics, "would remrun free from rust and 
tubercle!:>." 
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Thus the years of the early Dineties 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
tlu'e, centering around the measurements at Rochester in 1876 and the 
suli~equent tests of the :Rochester line in the years from 1890 to 1895. 
In dismissincr the 1876 figures for the Rochester pipe line, a statement 
may be marfe on the basis of comparison with several hundred tests 
listed in this bulletin. The retardation factors are given for historical 
]'('asons, evell though they are, perhaps, without value as evidence of 
capacity. (See pipe No. 150, Table 2, p. 42). Since the Rochester 
pipe is a compound line, a loss must be assumed for the cast-iron pipe 
and the remaining loss used in co:mputing retardation factors for the 
j·i veted line. For the average flows of three tests the value of Ow 
in the vVilliams-Hazen formula is 126 if their recommendation of a 
yulue of 130 1'01' Dew Cllst-u'on pipe be ac.cepted. If a vulue for the 
(,its~il'on portion of the Rochester main be taken as 135 f01' new pipe 
the (,olTeRpondin~ value for the riveted wrought-iron portion becomes 
] HI.G. Both values for the riveted line are more favomble than 
should be expeet,ed. 

In ] 897, Hprsehd published his "115 Experiments" (86), reporting 
til(' I'csu.lts of lX\CIli:HU'cments OIl the lines of the East Jersey 'Yater Co. 
by hiH at-;sishUlts, J. Waldo Smith and W. H. Herschel (86, p. 47). 
Thetw Ligures wpre ::iU pplemented by all other tests On "large, riveted, 
nH'ttll conduits" which were known at that time. The only retarda­
tion facLor considered was Chezy's C. The only graphic study wus 
.nIn.de' on ordinul'Y coordinate paper. Herschel" declined to evolye a 
Jonllu.iu" from the 115 expel'iment{S. The writer has included the 
cxprrirncnts listed by Herschel and made them comparable with all 
otlWl' "inulal' data, by compllting additional retardatiou factors for 
othcl' and later 1'ormulus thun that of Chezy. (See Tables 1 to 4.• 
indullivC'.) 

During' the late nineties the Kutter formula (see p. 9) was mu('h, lISN] for pipe lines, and finally a rather definite value of-n=0.015 for 
l'1n'ted pipe became aecepted. , The next im portnnt de\rcloprnent wus tIle vVilliams-Hazen formula. 
About th(l beginning of the present centUl'y technicallitel'atul'e began 
to indicate a d('cidcd react.if'll against, the use of the basic simple 
assumption that V= C-/Rs or V= ('EM SO.5, which may be converted 
in to the general form ula 

V: 
H = lCbx (See Table 5, p. 80.) 

where 

H=10008) z=2, and x=l 


By this tim£:' there were llVailable several series of tests on pipe lines 
of various ll1!ttfl'ials. "Vhen plotted on logarithmic paper, with loss 
of head as ordinates and velocity as abscissas) the observations re­
~ulted in 11 straight-line I·elation. These Jines with rare exceptions 
W('I'e not at a slope of 2.00, but were at VariO\lS slopes between 1.70 
and ~.()O !to indication that the loss of head does D.ot vary as the square 
of ttl(' V'('loci ty for all kinds of pipe. 

While Hageo, Sa.int-Venant, Lll1l1pe) Tutton, !wd others had of}'ered 
fot'mulu:; fol' flow 01' witter' 111 pipe that made use of fractiollul expo­
nents it remained for Williams and Hazen to choose one set of ex­

http:Jonllu.iu
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ponents and varying coefficients from a consideration of some 1,100 

experiments, which undoubtedly agree ...vithin reason with the per­

formance of pipes in commercial service. Their experimental data 

covered pipes of many materials. Under their classification of riveted 

pipe-the nearest approach to the types covered in this bulletin­

the data available included 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 formula of Williams and Hazen in offering formulas for the flow in 

specific kinds of pipe, but the ...vriter has been continually im­

pressed with the value of the Williams-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


ported by sufficient evidence, should not be used in the detail studies 


for 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 seventies, sensed the deduction which the writer makes in estab­

lishin~ a sepamte cate~Ol-Y for thin-shell pipe. He states that, in his 

expenments, riveted plpe, when coated with asphalt, carried as much 

water as 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 class I-a pipe, which includes the kinds of 

pipe tested by Smith.
E. Kuichlin~ says that a value of 0 (Chezy) of 118 was used in the 

design of cOnc1uit No.2 at Rochester. (Pipe No. 40.) 
In 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 

pipe line at Ogden, Utah, which was then credited with being the 
For the stave line he used a valuelargest riveted steel pipe of its type. 

of j=O.OI which may be converted to a value of Chezy's 0=160, 

and for the riveted steel portion he used a value of 0= 120 "taken at 

three-fourths the above value." Actual tests made soon after com­

pletion of the line indicated that both values of 0 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 69a.) 
John R. Freemiw, ill reporting on a New York water supply line, 

recommends a value of n=O.011 for new riveted pipe and 0.016 for 

foul riveted pipe, with smooth interior, countersunk rivet heads, and 

butt joints on girth seams. (Class 3.) 
The Cool?ardie lock-bar pipe line (No. 314) was designed, using 

a value of C (Chezy) of 98. 
In 1911, Hazen (82), wTOte that double-riveted pipe should be 4 

per cent larger in diameter than cast-iron or lock-bar steel pipe. 

For riveted pipe, Itfter yellrs of use, vVilliams-Hazen suggested a 

value of OlD =95 fOl' design purposes (180, p. 8). 
The board of consulting engineers of the Los Angeles Aqueduct 

determined fol' tbe I·iveted-steel siphon pipes a value of Chezy's 0 of
These relatively90, l'quivalent Lu Kutter's n=O,t)l9 (112, p, 81). 
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low capacity factors resulted from the board's study of the time­deterioration data then available, which included pipes Nos. 21, 60,and 64 and the Newark lines reported by Herschel. Before obtainingthe deterioration data this board suggested as coefficient for steelpipe with rivet heads and seams projecting on the interior a value ofn=0.016.

Parker (132) suggests the use of Tutton's formula V= OIRo.G6S·51(171) with a value of 01 = 130 as a working yalue for new lap-rivetedpipe, tarred 0.1' asphalted with rivets projecting, and a. value of 01 = 112for the same type of pipe when "old."
For the Ontario Power Co.'s lines a value of OlD of 110 was used forbutt girth joints.
In the study by the Columbia Basin Su.rvey Commission for theproposed Columbia Basin irrigation project, in vVashington, a valueof n=0.015 was used for the design of riveted-steel siphon pipe upto 23 feet in diameter.
The hydraulic power committee of the National Electric LightAssociation (127) after assembling the data on pipes Nos. 65, 66, 67,68, 72, 73, 74, 70, 152, 156, 156a, 160,228, and 230, concluded:
From the experimenhl1 clata available it is believed that the .following valuesfor n (Kutter) are conservative and can be used with safety for purposes of design:Lapwelded pipe with bump joints___________________________ 0.013Thin riveted pipe with lap joints______ ._____________________ .014Pipe of moderate thickness with butt joints__________________ .016Heavy pipe with triple-riveted butt joints____________________ .018
As a result of a questionnaire submitted by the subcommitee onartificial watCl'Ways of the power committee mentioned above, it isreported that the Southern Sierras Power Co. used n=0.016 for lap­riveted pipe, n= 0.018 for butt strap joint pipe, and n= 0.012 forlap­welded penstocks from 28 to 66 inches in diameter; the SouthernCalifornia Edison Co. used n=0.012 for lap wdded pipe and n=0.017for riveted pipe for Rem K o. 3 plant (pipes Nos. 156 and 156a); theCalifo1'I.lia-Ore~on Power Co. used Williams-Hazen OlD = 100 forriveted steel. pIpe. The salDe value was used by SaI) Joaquin Light& Power Co. for at least three of j ts plants, and by the Pncilic Gns &Electric Co. for many of its riyeted penstocks while it used Kutter'sn = 0.013 for the Hat Creek penstocks of riveted steel from 96 to 120inches in diameter.
In the specifications for a pipe line to increase the water supply ofthe District of Columbia, prepared in 1925, the War Departmentstates that friction losses were calculated on the basis of the Williams­Hazen formula with 0=100 for cast-iron and steel pipe and 130 forcont'rete pipe. The speciilcations state that, "The riveted steel pipeshall be made 2 inches larger in diameter than other kinds of pipe tomake theil' carrying capacity approximately the same as cast-iron

01' welded steel. ')
'fo sum up: The design of riveted pipe, from a ('apacity stand­point, was at first based on a comparison with cast-iron pipe withoutempirical dat.a as support. With the cCLiinlled use of the Kutterformula in this eountl'Y, a general value of n =0.015 for riveted pipewas accepted. During the past 25 years the Kutter formula hasbeen morc or less superceded by the Willianls-Huzen formula, especi­nIly foJ' the design of power penstocks, a round value of 0'0= 100

G221 0°-·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 varying from 0.013 for welded pipe 
to 0.018 for heavy butt-joint pipe. As for the girth-riveted and con­
tinuous-interior types of pipe it has been appreciated, 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 data warrant an e,,:ponential formula satisfying both 


empirical data and the theory of similarity of fluid flow. 

That the suggested formula contains exponents sufficiently removed from those 


of the Williams-Hazen formula to warrant a change, especially for high velocities 

and large-diameter pipes.

That there .are now available sufficient experiments ')n girth-riveted and con­
tinuous-interior pipes to establish rellSonable coefficients as separate categories. 

That sufficient progressive data are now available to warrant a tentative 
formula for time-deterioration in the capacity of riveted steel and analogous 
pipes.

That the value of Kutter's n varies at least 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 unreliable when considered with a 
constant value of n.

That engineers not wishiI.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 formula, 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 at pages 9 and 10 shows that in a study of the various 
formulas, all of which contain the same hydraulic elements, the fol­
lowing data must be determined by field tests: 

V = the mean velocity of water in the pipe. 
h[= the loss of head due to retardation in a section of pipe within a 

known distance. 
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 VELOCITY OF WATER 

The velocity oJ the water flowing ina 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, Q, and solving the equation V=~' 
Where the velocity is determined by the direct method the error 

is probably smaller than where the indirect method is used, unless 
exceptional facilities for complete measUl"ements, including interior 
diameters, are at hand. 

~ 

~ 

..,. 

.~ 

~ 

~ 

.. 
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LOSS OF HEAD DUE TO RETARDATION 

Most of the recent experiments on the flow of water in pipes ofuniform size have been made with piezometer columns. This wasthe method used by the writer. If a piezometer (fig. 2, p. 8) be prop­edy attached to the pipe, the pressme in the latter will support acolumn of water the surface of which is at elevation Et,on the hydraulicgrade line. In the same way the pressure at gauge No.2 will lifta column to elevation E2 • For a pipe of uniform size the differencebctween these elevations is the head lost, h/J due to the retardinginn uences. 
INTERNAL SIZE OF PIPE 

The m(,.thod used in ascertaining the inside cross-sectional area ofthe pipe is described for each test, where possible. In some casesseveral sections of pipe, remaining after construction, were measured(tnd their mean inside cross-sectional areas accepted as the internalHlzes of the operated pipes. For some tests the external circum­ferences were measured and the known plate thickness deductedfrom the external diameter. In other cases the nominal diameter ofthe pipe was accepted. 

SCOPE OF THE EXPERIMENTS 
Experiments by the Division of Agricultural Engineering weremade for the most part on thin·sheet and plate pipe in irrigation service.It was apprec.iated that there already existed a great number of testson 1'i V'cted and analo&,ous pipes largely used in connection with munic­.ipnl installations anCi power plants. It merely remained to discoverpossible differences due to irrigation practice, and to analyzeaH theavailable data with a view to proving anyone of the accepted formulas

01' to the development of a new formula if it should be required.The division made 98 tests on 29 pipes ranging from 4 to 168 inchesill diameter. From other sources there have been collected 1,080observations on 169 reaches of pipe ranging in age from new to 47years old. .Many of these tests cover progressive gaugings on the samereach of pipe, extending over a long period of years, thus furnishingdata 011 the time deterioration of capacity long known to exist.Many of the data assembled have never been made available to thepubJie. The total observations number 1,178 on 198 reaches of pipesegregated as follows: 

Obser· Reaches
vations of pipe,---_._-----­

p"uli·riveled pipes; thin sheet mclllL .

;':uU-rl\'etedJliPe; pinto metaL _. 125 38

Glrlh'rJvcle pipe............ . 375 72

Contlnuous·interlor pifo'.) •. _._ 123 31
Compound pipe ......... . 01 13

oDredge plpo•••••••• _•.•. 50
Corrugated pipe_ ..... 68 11
Splrul·riveled pipe I . 7 3

330 21
'rotnl 

l,li8 lOS 

I Ortltescb2t11 observations on 14 reaches or pipe arc round in rererence 73 only. The pipe equations aregiven III 'I U Ie 4. 
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METHODS EMPLOYED FOR COLLECTING AND
EQUIPMENT AND 

INTERPRETING FIELD DATA , 
With the exceptions~iven below, the equipment and methods , 

used were those employed in the experiments on wood-stave and 

concrete pipe, descri.bed in Bulletins 376 and 852 (152,153). For the 

sake of brevity the descriptions will no", be repeated. 

PIEZOMETERS 

For nearly all the experiments the same type of piezometer connec­

tion was used. In essentials this was a piece of brass tube three­
One end wassixteenth inch in external diameter and 8 mches long. 

seal'3d and two Ya2-inch holes were drilled 1 inch apart on the same 

longitudinal element, the hole nearest the end being 1 inch back 

from the rounded Geal. The t.ube was ground to a slight ta.per so 

that midway of its length it fitted tightly into a %6-inch hole in the 


shell of the steel pipe to be tested. The piezometer holes, being 


drilled completely through l?oth sides of the tube, gave four pressure 


ol'ifices. Care was taken to insure that these orifices were neutral

For small pipes of relativelyto the cunent of the water ill the pipe. 

great 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 WItter slipped past both sides of the piezometer tubes, 


was c:-..-isteot at both ends of the reach and need not be considered. 


The piezometer tubes at both ends of the reach were under the same 


dynamic conditions so that they reflected only the fall in the hydraulic

This type of con­gl'lldient, hi' usually termed the "friction" loss. 

nection was considered u.s much superior to connections to holes drilled 


through the pipe shell, which have more or less burr on the inside. 


It woUld not have been feasible w:ith most of the pipes tested to turn 


out the water, chill holes, and smooth off any interior burrs. For 

the smaller pipes this could not have been done except when the pipe 


was Iltid.

When the piezometer tubes were first thrust into the pipe there was 


usually a sLight leakage around the tube, bu t this quickly stopped. 


No difficulty was experieneed in holding these tubes by friction.alone 


in %6-iIl('h plate pipe under a pressure head of 160 feet. 

Upon completion of the test en,ch hole was repaired by dIiving 


into it !1 eopper rivet, well smeared with asphalt. A }l6-inch hole 


was then drilled nearly through the center of the Iivet. A small 


wire nail was inserted 1ll 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 throu!;?h the inteIior 


end oJ the rivet. Some of these Iivets were exammed 10 years 


ufter insertion and were found to be tight and apparently sound. 


This type of piezometer cOllllection and pipe repair offered a 


simple solutioIl to It problem that at first appeared quite complicated, 


costly, and Laborious. 


Ot'FICE EQUlPMENl' AND MEl'HODS 

vVlwrc [cllsible, original muJtiplieation, divisioIl, and addition were 

prrforrn(lci on medlanical devices or with logarithms, and checking 

Wltfl done by ttl) alternative pl'oeess. Tables containing uniformly 
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progressive figures were checked by noting differences and recomput­ing every fifth Or tenth it€m. The discardin~ of excess figures mayresult in apparent errors in the last figure, if It be recomputed withonly the base figures as listed. Where the difference is slight thelisted answer is probably more nearly correct than the recomputedanswer. 

ELEMENTS OF EXPERIMENTS FOR THE DETERMINATION OF FRIC­TION OF LOSSES IN SHEET AND PLATE .METAL PIPESTables 1 to 4 give the elements of nearly all known observations on• riveted and analogous pipes under pressure. They do not includeJlllblished results of laboratory tests on spiral riveted pipes (73).However, the individual pipe equations for these pipes and com­parisons of observed capacities u, those computed by the formularecommended int:his bulletin are gi\'en in Table 4. The variousseries are arranged in ascending sizes of pipe and within each seriesthe observations are arranged in ascending order of velodties.observations for simple pipes are given in Table 1. 
The

A slightly dift'er­ent arrangement is necessary for compound pipes, which are listedin Tables 2 and 4. In Table 4 the various series are summarizedand data common to all the observations within that series are given,as well as average values of Ow, K., and m. This arrangementresults in economy of space and places data in a convenient form forcertain studies o(capacity. 
EXPLANATORY NOTES, TABLES I, 2, AND 3

Column 1 gives the numbers assigned to the pipes. The sameorder of presentation is followed in Table 4 and in the discussions inthe following pages and in the appendices. Experiments conductedby the writer are listed FCS in column 2 and are discussed in the text,while the essential data seeured from other sources are abstracted inappendh: 1. The initials of the hydruulician making the experiments,where known, are given in column 2 and his full name is given in thediscussion. Assisting the writer at various times in the experimentsand computations were P. A. Ewing, T. H. McCarthy, E. C. Fortier,G. H. Henderson, W. J. Ivlanetta, and J. M. Brockway.Column 14 of 'fable 1 gives the retardation coefficient in the
aeceptr.d exponential formula (9 and 21) disregarding the smalJ
amount of influence due to differences in viscosity of the water.
'l'ruscolumn is therefore on a par with columns 10 to 13, inclusive.Column 15 gives the values of m as determined by dividing K., incolumn 14, by the value of v O•I 
• 
 The symbol v is the kinematic vis­
cosity (in English units) for the actual temperature of the water(Table 6, col. 7, on p. 81), where this item is given, or for an assumedtemperat.ure of 15° C. w11ere it is not given. 
 For most studies the
values of K. in column 14 are sufficient.considered as self explanatory. 

The other columns areComplete data were not availablefor a few of the pipes; they may be produced in future.For the compound pipes, described in Table 2, the base data mustbe treated in a manner slightly difi'erent from that for a simple pipe.For a given quantity, Q, the separate velocities in the various sizesof pipe·cun be computed. If the pipe be of uniform type then a ~ingleretardlltioD factO]' can be found, in anyone of the formulas considered,thl1t will represent 1111 the friction losses (columns 12 and 14), in :;L 
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given pipe equalling the observed total loss, including enlargement 
and contraction losses. Where a pipe line has two types of pipe it is 
necessary to assume .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 n is not a constant throughout the ranges of 
size and velocities for a given surface of pipe, it is proper only to 
compute an approximate value for the various parts of a compound 
pipe. 

EXPLANATOUY NOTES. TABLE 4 

In Table 4, column 6 gives the capacity class according to the • 
spp.cifications on pages 11 and 12. Where the plate thickness varies 
so as to place parts of the line in different classes the range is listed. 
Column 11 presents the individual pipe equations of the exponential 
type (formula 14, p. 79), for ali series that covered a range of velocities 
sufficient to give a definite trend. Where only individual observa­
tions or limited series are available the column shows tbe values of M' 
as projected at the accepted slope of 1.9. All these values of M and 
AI', when plotter! as in .Figure 5 (p. 83), justify the acceptance of 

the exponent 1.1 for D 1ll formula 21,_page 79. Columns 12 to 14, 

inclusive, give the average values of Ow, K., and m, after exclusion 

of all observations given a D rating. Column 15 shows the variation 

of the calTying capacity of the pipe, as determined from the observed 

hydraulic elements, from the capacity of the same pipe had it be-en 

computed according to the suggestions in this bulletm, 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 generally be found that the pipe is supplied from an 

open canal and the capacity has been reduced by silting or algre 

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 l.-Elemenl$ oj experimenis for the determination oj Jriction losses in sheet melal and plate-metal pipe, with retardation coefficients in 
various formulas 

].'ULL-RIYETED PIPE 

'"j---;---.----------------------
CocJllclonLs of retardation 

H= 
Pipe Experimenter, Obser- d=In- 11= 

Loss ofITem- ~ year, and ago side <; an­ l\lenn J ScobeyNo. vaUon (Uam- Name and 'I~scrlpti()n of pipe y ,-clocit)' bead per­
of pipe n1ting per ature Cv = cter r per 1000 of C= I WiI-SE nd second Icct water Chezy lianlS- K~~~I J;;. K.-V1> m=VIscos­bach cosity

Hazen neglected it'I con- ~ 
_, J1 ' VI.' sldcred ----- o 

';:I 

I 2 3 1--4--- 1-1-1'-11./-; 1_=_R.D_'·,l_K:·~=rn_"o.tS 
9 105 

___j ~_1_3_I 15 ~ _______ If 

~ C ',lrinch.. I:C
1 FeS, 19l7, 2 e J I Perl Peel ·C3.SS L. J. 3-2 I.Bt. OkBno~Bn project Washington. 0.648 0.65:1 20.0years. C U. S. Dure,IU of Heclallllllion 89.2 126.2 0.0098 0.032 0. 426 1.34 52D .006 1.308 20.0 88.1 121.1 .0100 .033 .453 1.422 BD, IS51, new (' 1.337 2. 76 20.0 89.57.71 New IJigc; sheet iron, coyered with hitulllen; 119.2 .0100 .032 .465 1.43 n --- .591 .20 21.0 1(14.2 141.0 .0096 .024stm g t; longitudinal scams rivetod; screw .335 1.04D .912 .48 21.Q l00.S 135.6 .0101~olnts; Slightlr inclllled upwllrd; Joss 01 head .024 .294 .91

.A 1.529 l.:Ill 21.0 100.2 133.3 .0100 .023y water an( mercury manometers; Q by .354 1.10 
cnlibnlted ttmks. .021 .341

A 
A 

3.5:10 
2. 659 3.30 

5. eo 21.0 
21.0 111.1 

115.6 
134.3 
1:16.6 .0096 

.0098 
.019 .321) 

1.00 

/ .A 0.4:10 lI.O 21.0 124.3 143.0 .0091 


L01 I.017 .203 .01
.A 5.50<J 12.0 21.0 125.4 144.0 .0090 .016 .288 .89
A 7.411 21.0 21.0 127.5 143.2 .0089 .016 .288 .89A 9.000 29.7 21.0 130.2 144.2 .0088 .015 .281 ;.87A 10.013 36.4 21.0 130.9 143.1 .0087 .87.015 .2823 FeS, 1917, .A 8.0 10.718 121.6 21.0 141.1 147.6 .0082 .013 t"lncn Dougal private line Omak, Wash. New .... _. 1.157 .21',0 .81new. A .730 18.0 104.8 ]34.1 .0102galvanized straight pipe; asphaltum coat .023 .354 LI0A 1.172 .741 18.0 105.5 134.7applied hot. .0101 .023 .351 1.10 ~ 
A 1.356 1.047 18.0 1G2. 7 129.3 .0105 .024 .3734 Hll, 1015, new 1l 8.0 Huaeal pipe line, Sononl,l\fo.'ico _____________ 1.478 1.210 18.0 104.2 130. 4 .0103 .024 

L16 ~ 28.46 _______ _ .3676 n _____ do ________________________________________ 2. 534 7.26 105.4 L15 {7l10.0 117.6 .0103 .02311.68 ._______ _ .422 L312. 534 4.65 94.2 104. 7 .0117 .029 .516 L60 

~ 
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'l'AllLE 1.-Element,s of experiments jor the (feterminalion of friction los§es in shcf,t, metal nnd platc-meial1Jipl', with
• 

retardation coefficients in t+>­
various fOl'7IIulas--Continued 

FULlrRlYETED PIP}7--f'tlutlnuo<! ~
, (') 

Coefficients of retardation tt:
- ~ 

V= Ii= Tem- Scobey (')
Q= Loss of

Mean per­
OOOer- d=tn- Quan- head ature Cv = ~

Pipe, Experimenter, side Name and description of pipe tity velocity per Wi!- n= f= K.=Vis-
No ' year, at.'d age vation diam- per per of c= Weis- m=Viscos- til

of P1\)(\ rating 1,000 wuter Chezy liams- Kutter coslty ity con­. cter sooond sec-ond feet Hazen booh neglected c:I
sidercd t"VI·' K.::arn"O.lII=K'Jji:i f:j 

------I------------­
------

9 10 11 12 13 14 15 
:j
Z 

3 
6 7 8 ....5 

--------------------- tit
2 

------ ~o
Cubic
ftel Ftel Feel 00. 

1. 2'~ c:II1Ich.. :nO 103.6 125. 3 0.0108 O.O"A 0.388
Whittier Water Co. ncar Whittier, Calif. 1.78 1.42 1.34

6 'FCS, 1919, 24 B 10.0 2.10 2.14 19.0 00.3 118.1 .0112 .026 .428
Pipe straight; lap riveted, dOUble-diPFced in .448 1.41years. A oss of 2.33 2.n 20.0 97.0 115.0 .0114 .027 !Jl
hot asphaltum; velocitic.~ by color; 119.6 .0110 .025 .4\6 1.:10A 2. 51 2. 92 19.0 101. 8

A head hy water and mercnry t'Olumns. 00.2 116.1 .0113 .026 .440 1.38 \:j
2.54 3.16 19.0

A 2.58 3.34 19.0 98.0 114.5 .0114 .027 .452 1.41 t<J
A 19.0 00.3 116.1 .0112 .026 .440 1.38 "d2.60 3.30 1.47A 95.2 113.8 .0117 .028 .465 
B 10. f>3 Shobert ditch siphon, near l'laccrville, Calif.; 1. 74 1.52 ~-----.- 112.1 .0118 .028 .474 1.50 ~

7 FCS, 1919, 8 1.86 1.76 --.-.... - 94.2
Illp seams, double riveted, of 14-gauge metal. 101.8 .0126 .033 .562 1. 78 0years. B 2.05 2. 51 .-.----- 86.S ....,C 2.07 2..21 .----_.- 93.8 110.5 .0119 .029 .487 1.54 

B 2.20 2.65 90.9 105.7 .0122 .031 .521 1.65 
B 24.0 84.2 98.4 .0130 .036 ,604 1.01 >

8 'F C S, 1919, A 10.87 2.28 3.20 24.0 84.8 98.2 .0129 .036 .500 
1.89

City Garden siphon near Placerville, Calif. 2.02 2.56 1.90 
A ri\)(\ recently rebuilt. 98.3 .0129 .036 .596 ~mixed. 2.43 3.59 24.0 85.3 ....
A 119.1 .00OB .022 .404 1.25 (')3.07 4.71 8.50 -------- 107.1

9 ES, 1876, 5 A 10.93 North Bloomfield t JlC, California, 5 years 
6.09 13.34 -------- 110.6 120.7 .0106 .021 .388 1.20 c:I'A old; shOll rivete in 2O-foot lengths; slip 3.97 .021 .386 1.20years. 

Joints in field. 4.52 6.93 16.95 -------- 111.4 120.6 .0105 
.382 1.18A 5.64 8.06 25.59 -------- 113.4 120.7 .0104 .020 
.374 1.16A 6.53 10.02 33.09 115.5 121.6 .0\02 .0\9 

1.24A 21.0 10\.3 124.1 .0\02 .025 .395 ~
B 11.22 Conduit No. 10. New sheet iron, dipped In .892 1.2911 .70 

132. 9 .01O.~ .0\9 .338 1.06
10 UD,185!, new 1.9(,7 2.782 2.54 21.0 114.0 .9j' t::Ibitumen. (See pipe No.2 above for descrip- 138. 4 .0098 Jl17 .307A 

tion.) 2.654 3.868 4.38 21.0 121. 6 
.017 .310 .97A 21.0 122.5 137.5 .00983.360 4.902 6.83 .2911 .93A 6.673 11.9 21.0 126.5 138.3 .0096 .016

A 21.0 128. 1 137.0 .• 0095 .016 .301 .95
8.852 :n44 .94A 10.522 28.07 21.0 129.9 137.2 .0094 .015 .298

A 

0 1 '-~• • . • • zrt • • C. + .. " .. 



11 IF. CS, 1917, 31 A 12. 0 U. C. 9 Lat. Okanogan project Washington. ,___ ._•.•years. A 1.128 82. 5 99.9 .0133U. S. Bureau of Reclamation. .75119.01 .038
A 1. 294 .94 19.0 84.5 101.4 .0131 .036

12 : IlS, 1876, .'i A 12.67 I North Bloomfield pipe. 
1.333 84.4 101.1 .0131 .0361 of 3 pipes laid side I 4.02 4.60 ~:~ ...~:~~.,I years. ! A by side. (Sec No. 9 above and No. 15 below.) 

109.4 120.6 .0110 .022
A 6.10 6.06 113.4 121.2 .0106 .0207.57 8.65 ~:t ~ c:::::' 113.0 118.7 .0107 .020

]3 !AMcur, 1896\ 14.0 INew Westminster, British Columbia. Pipe 31 .90 .455 .._•• _ . .1 
118.2 .0106 .0209.38 10.71

n years old. .96 1 78.1 94.6 .0141 .042
-"n :13.18 1-- ...-.., 114.4 

]3a 1&99•••••.•••••' B 14.0 .99 .93 .4~5 ,_______ • SO. 7 97.9 .0138 .039Same pipe as above. 3 years later............. 1. 21
14 ; }'C'~, 1919, 1.13 86.6 .0131 .034-" 14. 55 Carlisle siphon, near Placerville, Calif. Lap 1.68 103.11jI mIxed•.••••• A :~I·.. 2:j~ii 102.7 120.7 .0117 .024riveted; part new and part sa!\'aged pipe.A 2.11 1.422 24.0 101.4 116.8 I .01l9 .025
A 2. 36 1.70 24.0 103.9 118.9 .0116 .0242. 57 2. 05151 TIS, 1876, 5 B 14.76 North Bloomfield pipe, California. 1 of3 pipes 5.20 4.38 5.02 

24.0 103.1 117.0 .OJl7 .024
years. A 111.6 121. 9 .0111 .021in same trench. (Sec Nos. 9 and 12 above.) S.13 6.84 10.97 117.8 124.8A Interior quite smooth and free from rust. 8.69 7.31 12. 27 

.0106 .019
A 119.1 125. 6 .0105 .018
A 10.05 S.46 16. 46 119.0 124.0 .0105 .00S12.50A 10.59 24.10 121.6 124.6 •OWl .017

16 I ALA, 1896.•.. A 16.0 Astoria, Wash. New•••....•..••..•.•.•.••• __ 
14.37 12. 09 32.31 121.3 123.0 .0104 .0186.37 4.58 4.97 112.3 121. 517 ! FCS, 1919, 3 A 16.0 Lateral No. 20 from Chatsworth high line, Los 2.55 '''26~ii' 

.0112 .020
years. A Angeles, Calif. Cylinder jointed riveted 

1.433 116.5 132. 4 • 01 OS .019
A 2.99 1.998 26.0 115.9 130.0 .0109 .019pipe; hea\")' coat asphaltum buries flat heads 3.31A of rivets. 2.497 26.0 114.8 127. 7 .0109 .020
A 3.36 2. 490 26.0 116.6 129.6 .01OS .019
A 3.49 2. or>8 26.0 117.2 130.0 .01OS .019

181 ITS, 1878-9•.•. A 16.991 Texas Crook pipe. 
3.55 2.728 26.0 117.6 130.3 • 01 OS .019

19 FCS, 1919, 4 
1 year old._ .••_..•_•.••••.! 31.72 20.14 66.72 16.0 131.1 126.8n 17.85 Orange Blossom siphon, Oakdale, Calif. Prac· .688 

.0100 .015
years. B tically straight in plan but on a long sag in 

.104 18.0 111.1 138.1 .0105 .021
1.143 .245 25.0 119.4B profile; hea,"), asphaltuUl coat hides rivets. 

143.7 .0104 .018
B 1.370 .346 22.0 120.8 143.3 .0104 .018
B 1.509 .441 19.0 117.9 138.6 .0107 .019

20 I FCS, 1919, II 1. 597 .430 20.0 125.2 147.2 .0102 .016
years. n 

17.85 I Birnbaum pipe line, Oakdale irrigation dis· 1.09 .852 29.0 111.6 127.7 .0113 .021trict, California. Straight, level line; rivets, 2.09 .061 24.0 110.4 125. 7B flat·headed; heavy asphalt coat; velocity by 2.45 1. 3M 
.0114 .021

B color; mercury column at uPJlP.r end, water 
20.0 109.2 122.6 .0116 I .022

n column at lower end. 
3.01 1.98 26.0 EO.S IZ,!,6 .0115 .021

B 
This part of line 3.64 2.44 22.0 120. 'l 132. 5 .0107 .018probably froo from silt, unlike No. 22.B 4.31 3.53 24.0 119.0 128. 6 .0109 .018

B 4.83 4. 57 23.0 117.1 12.5.3 .01lO .019
B 5.28 5.415 24. 0 117.6 125. 0 .0110 .019

21 I JBT., 1009, 8 5.52 5.78 24.0 119.0 126.2 .0109B 18.0 I Force main, Buena Vista pump station, Los 2.43 1.588 
.018

years. B Angeles. Riveted steel, taper joints, 10· 
99.6 111.0 .0125 .026

3.05 2.381 102.0 112.0 .0123B gauge metal, 5 bends of 90°, 52°, 43°, 47°, and .025
II 3.Ch! 3.336 102.S 111.1 ~0I23 .02410°, respectively.
B 4.20 4.605 103.3 110.3 • (\IZ2 .024
B 4.88 O. :l75 100.6 106.2 .0125 .0250.79 8.975 99,8 103.8 .0126 .026 

.595

.580

..'iSl

.391

.381

.392

.390

.661

.622

.551

.405

.425

.411

.4Z2

.380

.357

.352

.358

.350

.356

.378

.332

.342

.352

.341
.339
.337
.325
.326
.296
.294
.313
.279
.356
.367
.382
.378
.326
.330
.354
.355
.348
.459
.446
.449
.452
.482
.498 

1.86
1.82
1.82
1.21
1.18
1.21
1.21
2.05
1.93
1.71 ~
1.28
1.35 "1'j 
1.30 t'"
1.34 o
1.18 ~1.11
1.09 o
1.11 I:%j
I.OS
1.10 

~1.18
1.06
1.09
1.12
1.OS ~ 
1. OS ....
1.07 Z1.01

1.0'2

.94

.\).3

.OS

.87 

~ 
1.14 ~
1.16 I:;j 
1.21 

~
1.20
1.03
1.07
1.12
1.12 t'" 
1.10
1.42 ::s
1.38
1.39 ~
1.40 Ul
1.49
.1.54 

tv
C1 



~ 
TABLE I.-Elements of experiments for the determination of friction losses in sheet metal and plate-metal pipe, with retardation coefficients 1:n 

various form1llas-Continued 
.FULL-RIVE'rED PIPE-Continued 

Coellicionts of retartiation ~ 
II= 	 Scobey

Q= V= 'rem-Loss of
d=ln-	 Quan- Mean per­ ~a

Pipe Experimenter, Obser- side 	 tity velocity head ature O~=
Name and description of pipe per 	 K.=Vis­year, and ago vation 	 per of 0= WII- n= lII=Viscos-

No, of pipe rating diam-	 per 1,000 Chezy liams- Kutter '~;is- cosity Ity con- ~eter 	 second second water bachfeet 	 neglectedBazen 	 sideredVI.9 ~
II=K.JjW !r,=mJlO,l 

---	 ------------------
1& 15 ~

9 10 	 11 lZ 13
5 	 6 7 8

I 2 3 ( 

---------I---- ---
Cubic ....

~ 
feet Feet 	 Feet o C. 1.40 01

Incha 	 1.585 o.o:n 24.0 97.7 111.5 0.0128 0.027 0.460 ~B'rnbaum pipe line, Oakdaieirrlgation dis-	 .028 .472 L4922 FCS, 1919, 4 B 20.0 	 .674 23.0 96.7 110.1 .0l30
years. 	 B trict, California. (See No. 20 above and 1.62 

98. 2 111.7 .0l28 .027 .460 L45 
B 2.425 1.483 26.0 97.5 107.5No. 31 below.) 	 Same methods used. 'rhis 1.67 .696 23.0 

•0130 .027 .482 1.53 ~
part of line subject to silt accumulation more 	 .477 1.62B 	
than other parts tested. Pipe, straight, 2.67 1.760 26.0 98. 4 107.8 .0l29 .027 

l.51 !1l
B 	 3.70 3.28 22.0 100.1 107.6 .0128 .026 .478 
B 	 double-dipped in asphaltum. 

4.06 24.0 100.0 105.9 .0128 .026 .483 L53 ~4.11 	 .483 L53 t?;j.n 	 4.20 4.22 24.0 100.1 105. 9 .0\28 .026
B 	 5.61 24.0 100.0 104.6 .0128 .026 .491 1.65

4.84 	 .483 L53B 	 4.84 5.52 23.0 100.9 105.5 .0l27 .025 ~
B 4.99 5.945 24.0 100.2 104. 5 .0l28 .026 .490 1.55 

B Rochester, N. Y., conduit No. 1.______________ 3.58 78.5 81.6 .0l62 .042 .784 2.43 


23 10.43 3.32 3.83 2.30

G'VR_________ B 24.0 Shorter reach of pipe 23________________________ 10.43 3.32 --0------

75.8 78.7 .0l66 .045 .839 2.60 ~
23a 1890___________ C 24.0 .0158 .040 .744

EK, 1891._____ About one-third of pipe 2.~; 15 years old________ 10.52 3.35 3.40 SO. 5 83.9 
.014 .309 .9624 BS,1873_______ C 24.0 

TIumbug pipe, California; 5 years old_________ . 45.92 12.60 16.41 134.1 129.9 .0106 
L05 ~A 25.8 	 123.5 .0111 .016 .34025 	 Cherokee siphon, California; 5 years old_______ 50.00 10.78 11.72 127.8

20 BS,1876 ______ A 29.17 San Francisco, CaIiL_________________________ 	 107.0 114.0 -- ..----- -------- :i:.~ ....................--- ~

27 LJ, LeC ______ B 30.0 	 103.6 110.0 -------- -------- ::1:.44 ...................--­

1911.__________ B 30.0 Spring Valley Water Co.; 42 years old_________
28 Same system as above; 47 years old____________ 84.0 91.5 --:011:;- ---:01:;- -------:34;;- --------i.-iiB

29 LJ, LeC, 191L B 30.0 Portland, Oreg.; new__________________________ -3ii~3:;-- --ii~iii-- --3~5:;-- 123.7 123.·4


IWS, 1894_____ 	 .339 LOS30 B 33.0 	 3.10 .923 26.0 121.3 127.2 .0118 .018 
31 FCS, 1919_____ B 34.0 Birnbaum pipe line, Oakdale, Calif.; 4 years 


old. .0l6 .327 L01

Portlanrl, Oreg.; new_________________________ 36.37 5.45 2.526 -------- 126.8 127.4 .0115 	

.89nVS,1894___ . B 35.0 	 128.4 142.3 .0111 .016 .281 I32 
36.0 Pump lift, Lindsay-Strathmore irrigation dis- 1.57 .198 22.0 	

.01i .341 1.0733 FSC, 1919_____1 D 	 3.41 1.045 19.0 121.7 126.1 .0120
trict. California. Line straight in plan; on 	 .383 1.212 years. B 	 4.95 2.389 23.0 116.9 117.2 .0124 .019 

1.25B continuous upgrade in profile. 
5.00 3.560 18.0 115.3 113.7 .0126 .1l19 .402 

B
B 6.16 3.550 2'l.O 119.4 117.9 .0122 .018 .376 1.18 



34j FC'S, 1917-.---1 A 36.0 j YirtoriaAQueduri, British Columhia; 2 years ' .• __ .•• _1 1.81 .377 15.0 107.6 1l1l.2 ! .0131 •022 ~ .409 1.22• old. I35 Cll, 1892, new~ C' 36.0 i East Jersey Water Co., cylillller JOints, Call· 4.0 .56 .CH 102.2 120. i .0113C' j 	 duit from lJelle\'iIIe to South Orango Avonue .0251 .4CH 1.25
C I 7.9 	 1.12 .20 01.5 101.2 .0148 .540 1.67Iille n 101l\:in\'erted siphon; coll!!lins6cuf\'es 13.2. 1.87 .55 	 .031 !C 	 of radius css tba11100 feet; of ooyeled plates. 19.7' 2. ,\) 

92.0 97.0 .0151 .O:lO .560 1.73
C .07 ]03.4 107.5 .0137 .462 1.43
C 33.6 -I. i5 2.35 

.0132 ::r~ I .429 1.33
20.0 :1. 76 1.59 lOS. S 111.0

(' 	 113.1 113.5 .0128 .020 .4OS 1.20
36.0 Snme reach ns abo\·. 4 years Inter_____ •________ 

40.3 5.70 2.80 123.1 122.5 .ono .017 .351 1.09
37 IN, j,eC,Ull!, .A 36.0 Alameda pipe, Silring \'alley \\' ater Co., San 

34.8 4.93 2.87 100.3 105. S .0135 .023 .464 1.44
24 years. Francisco. 

24.03 3.44 1.458 lCH.3 100.4 .0136 .024 .467 1.45 ~l'~"'1 
.A 

38 IN, .LeO, lOlL 13 36.0 I Anotherreneh orabo\'e pipe.. _••• _._. __ ._•••• _ 	
l'!l

39 OW.H .•. _ .. 	 24.71 3.465 -------- .- .... -- ..... 12'2.3! (' 36.0 	 I Uochester conduit,.No: I, IS\lO__.,~ •. _. ___ •__ ._ 10.43 1.47 .45 "9
39aj EK•• _.. _ 13 ....----I Same reach as abo,c, lear later, 1801..____ .... 10.52 1.49 

80.2 
123.0
8.i.8 --:iii6ilT':ii-io' ---"-·":7~5" ------'"2:24 t<

39b 1890-91...___ 7 30.0 Hochestcr,N. Y., conduit No. I; constructed 
.43 83.0 89.1 .0161! .0.17 .076 2.09 0

189'2-1t'O!L_. __ 9 	 1.480 .440:::::::: 81.0 87.5 .0\00 .039 .700 2.17 ::;;1001-1005 .. ___ 5 
1873; all tabular figures are averages of nUIll· 1.452 .438 ..... ___ 80.1 8(1.0 .0169 f .CHO .723 2.24

1906-1910 _.,._ 5 
bers of observations in column 3, covering 1.380 .. 431)~ .. ~ .• ~~. 77.9 83.7 .7C>Oyears in co1umn 2. 	 .01731 . CH2 2.35 0

1911-1915 . ... __ 5 1.337 .401 '........ 77.2 83. ] .0\74 .043 ~ 774 2.40 ";j
1916-1920...... 5 1.341 .409 i.. .. _... 70.0 82.4 .0176 j .CH4 .787 2.4440 I EK, 18'.16__ .. _. C ;;S.O 	 .1.336 .410 ! __ • ____ • 10.0 SI.8 .700Haches!er, N. Y., conduit No.2, from .051 ___ •___ . .01771 .0:5 2.47

C 	 .012 .061 i________ %.5 112.0 .0131 .028 .461 1.43 ~
C 	

oyertlow No.1 to Mount Hope Reservoir • i53 109.5 125.0 .0120, .022 .366 1.13
0 	

on southern division, 20 miles long; con- .888 .081 \_ .... ___ 110.9 126.4 .0121 .021 .360 1,12 ~structed 1893-94, of steel blBtes H, H6, .965 .125 ,__ ..... _ 07.0 lOS. 6 .0139C 	 and % inch thick; Quantity y riso In rescr- .027 .475 1. 47 ~1.00 .126 1__ ._ .... 100.1 lIS.SC 	 \'oir, loss of head bl' mercury gauges; Cylill' 1.13 .131 _...... 110.9 
.01211 .023 .309 1.24 .....

0 	 der joints. ]24.0 .0124 .021 •309 1.141.10C 	 .142 r-"-'-- 125.1 .0124 .020 .363 1.12 Z
0 	 1.2'1 .181 ____ ••• _ 112.2101.9 l1i.5 .0136 .025 .440 1.36 ~1.2(1 .100 ,,,,_, __ ]09.0411 EK, ]897, 13 38.0 	 121.7 . ()12i .021 .380 1.18 H

years. al 	 n Same rench of pipo as aboyc, 1 year later. .637 1:13.2 .0112 .3:15Kllichling says these tests, made "with ul-	 1.0:1
B .062 .. _..... \l6.6 134.4 .OW .326 1.01
II 

most care.". 'l'hey are ~IObahlY enlilled to .898 .082 ••.• ____ lJI.5 12i.0 .0121 .021 . :if>6 1.10 

•S\4 .040 r-'" --'1 !l3.6 .0114 • O~'O I 	 ~
1Il0re weight than are t 10 1899 tests ahove; 1.02 l.ll!J 	 results nre more uniform, but iutllcnte 8 

. J(l5 f.. •• -_"I Ill.9 120.2 .0122 .021 I .:J5S ~
B 	 smoother pipe. 

1.11 115.3 1211.5 •Q1~'O .01\) .340 1.05 t1.117 r-......
D 	 1.15 .12.1 ..... _ • .1 116.5 1;10.0 .01l9 .010 .330 1.04
13 	 1.22 .142 ..... ___ I ll5.0 128.2 .0121 .019 i .345 1.071.24 .163 ........1 109. I 121.0 .0127

42 I IS'J5-1900__ •••• 1. 25 .154 "._ ..__ 113.2
13 	 .&1;0 1.211 ~

looHOO5___ ... 
10 38.0 Hochester, N. Y. C'onduitNo. 2, rench ahoui 3.19 	

125.7 .012.1 :g~l .357 1.10 l'!l
5 	 0.01r.1 ""'___1 1l3.9 H7. G .0128 .020twice the longtll of Nos. 40 anti 41 aho\'c; 1. CH8 ___ •____ 	 .387 1.20 t"190(HOIO___ ... 5 a\'erngc \·"Iues on same basis us No. 39b. 

3.19 111.2 114.4 .0130 .021 .408 1.20191 H915__ .... 	 3.35 I. 328 ... __ .,. 103.6 105.5 "d5 	 .Ola9 .024 .4Td 1.47 ....1916-1920...... 5 	 3.24 1. 331 __ • ____ • 90.7 101.0 .0143 .026 .568 1.583.14 1.328 _______ •.43 I 1895·1900.... __ 12 38.0 nochestor conduit No.2, hut on norlhern 	
00.9 98.7 .0147 .0'28 .fJ36 1.66 ~looH005__ .... 	 3.78 lOS. 5 .0135 r:p

1906-1010.____ • 
5 division while Nos. 40, 41, and 42 are on 3. CJ3 l: ~~~ =:~:::j 107~2

ICH.7 
.022 .447 1.30

4 southern divisiou; average values Oll same 3.82 	
100.2 .0\38 .024 .465 1.441911-l915_•• __ • 5 hnsis ns No. 30b. 	 1. 844 _____ • __1 100.0 100.0 .0143 .026 .513 1.591916-1020,_____ 	 3.60 09.6 100.7 .01445 	 .026 .514 1.501.639 ________

1016-]920______ 4 
Hush Hesen'oir ----- .. - 4.06 2.ICH .. ______ 90.7 09.6 .0144 .026 .522 1.62 

4411912-1015______ 4 38.0 Hochester condlolit No.2. 	
3.34 '.M' I ..... 02.0 93.0 .0153 .030 .585 1.82

to (,ohbs II ill Hesorvoir. 	 3.80 2.005 __ •__ •__45 lWS,IS00.. __ • 13 42.0 	 93.9 94.0 .0152 .02945a FlIfH _________ 
rorUand, orelJ::r lIfnin__• __ . __________ • ______• 36.37 3.78 1.215 __ • ____ -' 115.9 117.1 .0138 

.580 1.80
A 42.0 Same pipe ns o. 45, 20 years later________ ... 34.36 3.57 1.]0 _-- _____ .1 ]]2.1 

.019 .386 1.20 t-:)
113.2 ,0132 .021 .411 1.27 "-l 



~ 

TAllI.E I.-Elements of exl1erimerlis for the detel'mination of fr-iction losscs it~ sheet me/al and 111ale-mclalln'1>c, wilh re/ardnltofl coefficiellts t"tl 00 
variolts formltlali-Continucd 

FULL-RtvET.ED PIPF.-('ontinucd.-_._- _._------............ -----,""""',"'-,., " 


('oefficlents of re16rdat!on
! ! 

~~~-I .-~-.-..~ .. ~~ ---...,.., .-~- -._-"--",-- ~ 
1I- Scobey

Q- l'- ~Loss of ..:lQUIlIl- 1\1ellll
t'/Ob Id-In- hrad 0IE .' ser-: side velocity C..- /=Plll(\' xpcnmcn cr, \ Name and doscription of pipo tlty per ature I K,..YIS'of C- WII· 11- 1II-VI5<.'OS· 

s..'Cond second feet water bach Ilegleclc(\
"n.! r~llT. a,:uj ago! valion i dinm. IlCT per 1,000 Chezy IIams- Kutter Wcis· coslty Ity con- ~I of l11pe Irating Ieter I sldere(\lillZco VI·· t:dI{.-'l1u·O•1Il=1(,JjW 

j --- ...."'._----------1-1-1-;- ~
6 I 8 9 10 IS 1& is 1>3 

__,.--.t •__ l 3 1'1 6 --,-- ---1--- Z7 

...
Cubi~ I

I I I /ul Fut 1'<<1 • C. 1. 61 0
en

. I h~ul 0.40 00.2 101.61 0.0149 0.028 0.5111 .
42.0! East J~'rsey Water Co., New Jerser. KCIlTne)' 17.3 1.SO .023 .424 1.32

46' cn, 1800, new. (' 17.4 1.81 .33 lOtH 113.3 .0136 
.674 2.09(' . extension; a few curvos, ta~r Jo nts, Interior 84.5 S8. 2 •(1107 .0.'l6

C coating "unusual\)' smoot "; Qby Venturi li.5 1.82 .63 
130.0 .0120 .017 .328 1.02 ~

2.04 .32 121.9
(' meler, loss of hes(\ by 13ourdoll·tYP6!';auges. 10.55 

.60 89.9 03,4 .0159 .032 .005 1,88 ~'i19.8 2.00 1.,5C 29.7 3.09 .80 !l6.S 1I~.9 .QI26 .019 .372 
1,311

(' 3.23 1,05 100.6 It\'!. 2 .0137 .023 .440 
(' 

31. I 
1.15 113.8 ll5. I .0130 .0'20 .397 1.23 ~34.7 3.61 1.18(' 35.2 3.00 1.12 116.9 118.4 .Ol27 .010 .377 

1.41100. 7 .0131 .022 .455

I C 41.0 107.3 
.41U 1.30 ~4.26 I. SO

13 .19 Io.~. (\ 1I4.7 .0134 .023
42.0 SlU1le systcm as No. 4(1, conduit No.2. Below 13.45 1.30 

104,6 111.4 .0138 .024 .438 1.36 0
47 I ('II, 1800, ncw_, 13 16.8 1.75 .32

13 Pompton Notch. 
2.10 .47 103.6 108. 6 .0140 .024 .456 1.41 ~

Another reach or SOllie conduit fI.~ abO\'c; taper 20.25 .457 1,42
48 : all, 1800, nc\\'_ A 42. 0 21.3 2.21 .52 103.6 lOS. 2 .0140 .024 

1.37joints; Cot by Vcnturl meier; Joss of head by 100.3 .0137 .023 .443 >-
A 29.0 3.02 .93 105.S 107.S .0138 

.44S 1.30 l:::l
n 28.0 2.91 .85 100. 7 0Bourdon-typo gnuges. .023 .451 1.40 

B 34.1)5 3.63 1. :ll 107.2 107.9 .0137 .022 
1.34 ....

A 37.5 3. \lO 1.45 109.5 100.S •0135 .021 .433 0
13 4.29 1.80 lOS. 1 107.4 .0136 .022 .449 1.39

41.3 .447 1.39A 44.15 4.50 2.04 108.6 107.0 .0130 .022 
1.40n 45. 1 4.09 2.14 108. 4 107.0 ,0136 .022 .462 

C 45.25 4. 70 2. IS 107.6 100.1 .0137 
.441) 1.39

.022 .458 1.<2 

A 108. 9 107.0 .0136 .022
48. 0 4. \lO 2.40 1.415 IA 2.515 .645 104.7 107.7 .0140 .024 .456

n H.O Cr)'staJ Springs conduit, Los Angeles wBtcr 
2. 545 .468 123.1 128. 1 .0121 .017 .331 1.026

49 I EAB, lUIS, 191 
(' suppl)'. No. 49 covers whole reach Include(\ lOS. 5 ll2.2 .0135 .022 .423 1.312

4931 ycars. values 2.545 .598 1.562In pllTts 493, 40b, 49c, and 49<1; 10:1.1 .0147 .026 .004C 2. 545 .713 -------- 09.0 
.025 .488 1.614a erraHc. 2. 545 .091 --.----- 101.1 103.8 .0144~~ a49<1 



:;0 JX, I.eC', 1011 •., A H.O '. :;llnug Yalley . Water ('0., snn. ,\ndn)llS Iino. 

l
i :?S.ilS I 2.46i H yonr:;. .&17 .. 100.41113.6 .01361 .0:!"2 .415 I 1.28
iiI IN. Lee, 1911." 13 H.O I ~prinl; "alley Wnter Co., C'rystul Spring line. 36.0 3.40 

I
f.' 

tl(tb. 07.0 •••••••• ........ :1:.52

52 J:-<. Lol', IOU., 27)etlrs.
A H.O ,,__ .•<10 ••• " ...............................1 37.0 
 'I03 ell, 1802, new,' 11 47.2S Ii 3.00 1.6$11 SIl.l !'-S.l, .0102 .o:l2 .048E1lSt Jersey \\ nt~r ('0., ~nduit No. I. }'rom I 32.0 2. 62 • f>S 103. Ii 10l>. 6 .0143 .024 

2.01

. . station 301) to 575+S7. • HI 1.46
O3a, 1~03, 1 )ellr I 


l 
II 47.28 t ~nIlle Pille lIS.' 1'\0. 03 but I yenr later. 'l'h!s II 31.4 2.57 .6.,
ll! roneh I)\)low j'Olll{ltonNotch. 31.7 • 2.59 .69 

00.3 101.0 .OHO I .02tl1 .6U 1.60
II . W.4 101.1 .OB9 .(t.!6 .511 1.59 ~O3b 1~94,2Yt'ar:; Il :H.3 I 2.81 .b2 O~.O {Ill. Ii .0100!47.2S: SIUIlCIl)I'chasNo.5:I, 1 ycarlntcr............. 25.05. .0'261 .521 1.02 1:1:
11 I 2.05 .40 10.13 l(l'.:l .0142 .024 .462 !.43 t::I13 • i 37.15' 3.05.94 100.2 100.71.OBSl .0'.'6 .,m,43.6 3.57 1.10 l.5il.'i3c ]1,00•••. _ ._, A 105.11 105.2 .0142 .023 .4(1S

53<1 I~OO,4rears -: A 
47.28: Samo renrh lIS 1'\0. 5:1\. 4 y."rs Old .•••••••••••••I' 36.4 2.\lS .86 10'2.4 Il~1.2 .0145 

1.45 I>j

........! l'r;ncLiea!l},sRmerMclasNo.f>3,fromstation .O".A .488 1.5\ t-'
I A ! 30'Jt05IM·IO, 

53.7 4.40 2.0:1 9,,4 9~.S .Ol5! .0'27 .&10 1.70 S
54.7 4.4S 1.08 101.4&I !'Il. ...: .-.-,J"\ 47.34 ~·rOlllstn~ionsa.OOtoO'.l3+M......;_ ........ _.... ! 6(,6 ~.4~ 
9s.0 .0141 .025 .517 1.00 ....
&la Ifllltl,4 )onrs... \ A lllalllorcachns~o.54, 4 ) cars Jater ............. 

2,47 110_4 lOt,!.; .0137 1 .1121 .4t4
30.4 1.38 'A _.98.!'O 10.1.1 10,.3 .0141.023

A , 10.1. II 101. 7 .0144 j .024 .4\13 1.03 I>j
&lbl1>'OO....•' A .......-r Sallloline~Ko.&1bulstnLions2!'.lloO'.l3+55...1 

51.7 4.47 1.91 Jt13.0 100.0 .01A5! .024 .W2 1.60 


I I 5:1. 7 4.30 I. hi 1 .1,.1 1.41 CI 

a4r IS\~;. 4 )'ears.. A H,i 
70.6 5.77 3.12 111:1.7 {ill.. .01H I .024 

... 
I SnmolinoasKo.53 hntsL8tlonsfrolll2S:lto 1110. \1 .W7 1.67 <;155 (,1l,lh0'2, no\\". 1l 41.4 jSnmolinoasNo.5:lbutfrolllstntlonsiI0+40 

51.6 4.46 l.ll() 102.9 100.5 .0145', .024 .ro,.I 32.0 2.01 j .51 110.3 1I0.n .I.M :.-JJ j to 1052+00. .012'~f .0101 .ll73 1.11) 8• 41.3 3.36 .04 110.3II I 44.5 3.62 1.00 
]l0.7 .0130, .021 .4211 1,32 til

1/i5a IS92,ncw..... Jl 47.4 If 
115,2 115.4 .0131' .019 .394 ,Includes 1'\0. 55I1ho\'c... _ .............. _..... 44.5 3.04 1.07 1.22 ~
156: I~'\).I ..... ,.... A 47.4 J'rncticnllysnmoasl'\O.54C................... 
112,0 1118 .0134 ..•021 I .418' 1.30 H
l 5fu' 1890, 4 yanr:;.. A 47.4 43.6 3,M 1.12 107,0 100.5 .OHO: .022

. 
i Salllc conduit as Nil. 5:1 from stations 575+ 10 to 53.7 4. as 1.71 .4&1 1.40 ~A II 023+55; includtld in 1'\0.50 a!Jo\'o. 106.6 104.4 .0141' ,023 I .407

11 54. 7 4.46 I. 1<.1 Ill!. 9 'J02. 5 .014:1 , 023 j 
l. 45 "

13.5 0.01 3.10 • 4S.~ 1. 60 ~! A 107.0 102.0 .01-101 .0221 .474 1.47 ~! . "\ !. 
74.0 0.04 3.15 IOR:1 103. Ii .0139' .0221 .4;IS 1.45 ~16fib Cll, 7·t.:1 6, Oil 3.ISISP3, 1 (' 47.4 i ~lImo conduit ns No. 5:1 from stations jJ 0+40 :1I.7 2.58 

Ion 103.4 .0140 .022, .400 1.46 1-3; sear. II ltQO'.l3+55. .45 122. 4 l:?tt 5 .012:]· ,0171 .337 I. (H t::I1. (' 31.7 2&~ .56 .IIOU.7 1124 .00~lfl' .021 .419 1.30 t:;l5foc lli1H,2 years"'1 J) 47.4 SnmcnsNo.l>3Qnc·hnlfycorlnlcr............. 
40.2 3.27 • III • IOU. I 1011.0 .01:17 .02'J .434 1.34 .'5iilh94,2ye'lrs... 25,0 2.0·1 .:1:1 ..11I3,01Is.3,\ 47.4 ~elllchnens1'\0.03e.\telldedtoIl17+00........ 43.6 3.M 

.0131 .020 I .386 1.20 Ul
157n ,],]\1,1007,15.4 ]) I.OS . lOS. 7 10S.n .Ol3S .02'21
" years. 11 

47.66 i SlIlIIe Systelll 1151'\0. 5:1 conduit 1'\0. I, below,..... 1.177 .~~15 . (\~.\l 7.2,4 
.440 1.36 1-3

j'olllptonNotch,stntions207+8(ltoi81+IO, I 
.020:1 .05-1 j' .Il&! 3.04!:':l1.350 .2~O j ~2.0 !ii1.4

: 
II CO\'ers Ilnrts ofNos. 5:1 to 57inclus!\·c. (Noto 2.300 JUS 

.0174 .0:18 .712 2.22 L'J
,\ stntIons.) Sf. 0 ~O. 3 .0100 .0.1.1 • M7i A 2.477 .7(;2 !lO.2 OJ, 3 .01 fJ2 .032 

2.00 t'
•mOL III ~, A 3.1117 1.0'.'0 btJ.H I hi. 0 .00ft4 ,032 I .1152 2.0'2 ....I 55 ; ClI, 1~0'2,new. II 47.52 S.1I1IO cQndult lIS 1'\0. 53, statIons II +00 to 

4.013 l.tiOS tt2, a !lO.t .0160 .030 .620 1.02 ~I f.1.2 5.13 2 07lJ 257+!'O,nIJO\·oJ'QlIlpton1'\oLch. 0.;.1 5.21) 2,13 
113. a 110.2 .0116 .020 .421 I. ~I l'J' II I 115.2 1ll.U .OJ32 .010 .408 1.26 UllJ 00.1 5.37 2.25 113.S nO.a .0133I

I r~I.2 a.3S 2.24 114.2110.8 
.020 .410 1.30

JJ . OJ 33 .020 .416 1.21)I:;Sn 18{~I, 4 ycnrs.•.l 00.1\ 5.41 2.28II .... __ ..
I

Snme ceneh lIS No. 58 4 yenrs Inter; unusunl &1.3 4.41 2.23 
lla.O 110.3 .0133! .020 .410 1.30


A dCIlTcciatlon. 93.0 01.1 .0158' .020 .rm 1.86
54. 0 4. 46 2. 24 94.7 m. S .0155 i .0'20 • W3 1. S4• Xol sho\nl on Flgul'C 3 becausc or congestion. 

'"
l\:l 

" 
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t'GriVU8 for7ll1llas--Continued 
Ft'LlrIH\'E1'J<:D PIPl-:-('olltllllle,l 

T _~DLE L-Elcmnils of ex])crimclIls for the delen/l1:nalion of friction 10Bse" in sheet melal and plate-metal pipe, with retardatioll coefficie71i8 in 

__________...,- -"'-~-----I- ! Coefficients of retardutlon ~ 
I l ____~-------__--.-----,-__------------. 

Scobey11= I i §
Q= l'= Loss 01, Tern- I ....

Quan­ Mean -- ­
velocity head 1 ;~~ C~= !Pipej Experimenter,\ obser-I d,;,ln. Name and description of pipe tity per 01 C=l WI\- ! I!= \~ciS-1 K.=yls- m=Viscos-No. year, af.ul BgQ vatlon ~1(tc per per t'Oslty '. ~ 01 pIpe rating dIam- seoond seoond li~ water Chezy Iiams· IKutter bach neglected It) oon·eter Hazen, III , sldcred tl1

1 Il=K'Dl:1 K, CII m"O.l d 
1__­! 

---,-I---s-;---'-:--lo-I---Il-l-I-~- 13:1 If 15 
3~ --'---'--.---'-- I 

I-'
Cubic j I 01[ feet, Fert Fed' C. ' 1 ~60 

02.2 0.0100 0.030 0.500 !?36.05 2.93 1.02' 92.2 1.82Same reach as No. 58 one-balf year later-.---.--- 93.3 .0158 .030 .586
A 30.M 2.118 1.03 .._..... 93.3 1.57.024 

A 57.0 4.63 2.34 '__ "'''' 00.2 2.28 m 
}L 57.0 4.63 2.OS ,_______ • 192.7 97.7 .0146 .507 ~ 

93. I .0157 .028 .576 1.70 
.7'J782.4 .0173 .036

A Same asNo. 58, Jl yearsStilllater____ . ____ •____ \___ ••• __ 3.623 1.862 '----.--- 84. 4 .510 1.58.0148 .025
A 47.50 101.3 \jSame system as No. 53, eonduit No.2, parallel 30.8 2.00 .89' 100.7 101. { .0147 .025 .500 1.58 
A 47.52 tooondultNo.labove. Pla\eStaperJointed, 37.1 3.0\ .00 ,_______ • 100.8 .O"~ .407 1.04 I;tj102.7 .0147A edgesbeveled;rivethcadsweillorme<!; pipe 37.25 3.03 .89 t. ____ ._. 102.1 .023 .484 1,50

103.5 .0143A 1.56new; compare with No. 5Ua below, when 11 148.0 3.00 1. 40 104.8 101.2 .0144 .024 .502 ~ A years old. 56.7 4.61 1.00 103.0 .470 1,48
103.8 .0\46 .023 

B 57.05 4.71 2.04 104.8 .m8 1. 01 "'.1 
A 57.7 4.69 1.00 106. 5 .493 1.53 0102.0 .0143 .023 

00.6 ,0161 .031II Same as No. 50 abo\,o: 11 years later; noW ••• __ ... 3.382 1.377 01.6 .035 .705 2.1884.0 .om159al T]\[, 1007, Jl II 47.58 1.118 :.­
blistered,lUherculateo and pitted. 1 3.558 1. 730 , 85.8 88.7 .0100 .031 .639 (;)

years. II 3.826 1. illS 00.7 .717 2.2'l•OliO .035B 4. 324 2. 550 86. 1 83.0 ,350 1.118 e123.2 .0\26 .018B Siphon, Los Angeles, Calif., 5 yenrs old ....__ .••
1 

41.1}6 2.824 .502 121. 2 100.0 --~----- -------- ..-------- ---,_ ..----- ----- n
II 52.0 Sllrln~ Valley Water (',0., finn FranCiSCO, ('ulil. ,.------••- •• -- -...•••. -- ..... '--1' 100.5 1011.4 .0144.025 .~53 : 1.41 dB 54.061 ILJ, LeC, 1911- Monroe pe','stoek No. Ii Es.'!6" Co., Lnw';Inro, t-------- 1.125 .oosl________ 102.4 .0150 .026 .480 1.5160 IJill" lIJO<J""'I' 59.1 104.362 UF]\[, 1S88, C Mnss. 'lnr.conted P ate-Iron pipe, 00\ ered . 1.30S· 160 ________ 00.6 .0152 .026 .503 1.56102.1C3.4 yoor1l. with tul~rcles, filled In with mud lind slime; \ I. 712 .212 _.------1 00.2 00.2 .0156 .027 .528 1.63
C Q by wCtr, II by piezometer tubes to gauge 1. 95!! .327 -.------ 97.5 04.7 .0162 .020 .571 1.76
B g111SS. 2.19/ .442 _______ • 04.2 .0150 .028 .555 1. i2 I00.2D 2. 231 . HI ________1 95.8 .0158 .027 .543 1. OS2. 305 .4C,o ________ 00.0 07.3D .0160 .020 .567 1.762.384 .511 ________ 05.1 05.3B .0160 .028 • Iie3 1. 742.400 .552 ________ 05.5 05.2D 2. 578 .602 ________ 04.7 04.1 ; .0162 .020 .576 1.78
B 
B 

'..... ..... -­



.. 

63 \ F('~, 1\l'!4....~; n 62.0 ! Slpuon, Gage ('annl, ('rulf. New............ . 1.93 .0133'
I~O .019 .370 I. IS64 I J \\'8, lOO3, 0.8 ;

1 
II .2.0 I Jersey ('ity Watcr Co.. NCI\' Jerse~', J'lola- I.H 119.2 1:?(,4 .342 1.07year. ! :~i "'is:rl 116.6 

.0l2ii I .018II steel JlI~>e, tAller loints; plt.tes Crom ~l. to 1.3. .O<)s lI3.0 lIi,O .0137 .O:!O .387 1.211 II 1}1o Inc I tllie .; pip<) dipped horizontally In 1. .s2 .131 ." •••••• IOS,Ii 111.0 .0144 .022 .426

I 
II t:,lsonlte: line Includes lO~ates eueh 4S inelltis I.R' .186 .......... 109. ; Ill. 3 .0144 .021 .424 1.32n In diameter with reducing and e\panding 2.09 107.8 .0147 

1.33 

.252 "' ......1 107.S .02'2 .447 1.40n sections. 2.tiO .3S2 .... · ...1 lOS. a 107.1 .0147 .02'2 .H7 1.40n 2.1\0 •396 . 110,4 lOS. 7 .OH5 .021 .434 1.36n
n 2.69 .417 ::::::::! 107.6 105.7 .0148 .0'22 .457 1. 43 

M _,. .. _ ... ,;l.29 .610 IOS.S 105.2 .OH7 .. O2".! .456 1.42
h30 .615 lOS, 5 105.1 .014S .022 .457 1.4364nl JWS, 19M, 21 B

II 72.0 Same pipe as No. 64, 14 months Inter. Mills 1.37 . ]27 j;j."O· 00.3 102. 3 .0156 .026 • SOl I.M ~
years. A esthllutes the loss of head when pipe was new 2.12 .303 99.4 00.0 .0150 .026 .623 1.61 '-jA to be about normal bnt thnt loss In this 14 2.15 .307 100.2 99.7 .0158 .026 .515 I.SS t"A lnonths WIlS 9 p<)r cent shove normal. (See 2.40 .31lO 99.2 07.8 •OHiO .026 .531 1.64 0A 64b; loom pare with 6Un.) 2.42 .391 99.S 98.0 .0150 .026 .528 LOSA 2.74 .497 100.4 07.9 .0158 .026 ;525 1.62 

~
2.91 .5IlS 99.7 96.S .0160 .026 .536 1.65 0A

A 2.94 .5i5 ~ .... ~- ...... 100.1 07.1 .0159 .0'26 .532 1.64 '-j 

2.05 years. J\. 1Il.ltes ()SS sillce ahove tests to be 12 per cent 2.02 .297 95.7 05.3 .0164 .02ii .561 1.75 

64b\ J ,,"S, 1005, I A ;2.0 Sallie pi\lC as No. 64, 1 yenr Illter. Mills est!· ---- ... -- .. 1.52 .178 17.0 93.0 94.6 .0167 .030 .5iS 1.~ 

1.. a ho \'e normal. 2. 3i .413 95.2 93.6 .0166 .028 .576 1.~ ~A 2. 69 .528 95.6 93.0 .0166 .02ii .579 1.80,\ 3.10 .682 96.911 72.0 Same pipe as No. 64....................... -•••• __ ••__ • 1.4 
93.4 .0164 .027 .571 1.78 ~


64el J WS, 1905, 5.31 .20 80.8 81.8 .0190 .030 .757 l:dyears. II ' 
2.34 

II 2.15 .42 85.7 S4.1 .0184 .035 .705 2m ....
II .52 87.4 85.1 .0180 .034 .686 2.12 Z

64d, JWS, 11JOS, 7.2 II no .69 85.5 82.3 .0184 •03.~ .72! 2.24.....do............ __ .... __ .................... .1 '''''''' tll .27 91,0
(' 91.0 .01iO .030 • t102 1.86 l:d 

B 
ID 2.045 .30 84.5 83,3 .0185 .036 .720 2.23

2.5 ••'iO 91.3 89.0 .om .031 ;630 1.05 
64e\ J \\'S, 1009, 91 II 72.0 

2.9 .655 92.5 89.3 .0171 .030 .622 1.93 
~ 

years. 
•••••do.... •••..• ....••....• ..........•••....•••

I
··..·..,~:gg .21 87.3 88.2 .0178 .034 .656 2,03 


n 
Il .36 88.2 87.2 .0178 .033 ,661 2.05 

~
n t;)' 2. 45 .51 88.6 86.2 .0178 .033 .667 2.07

2. SO .67 88.3 85.1 .0178 .033 .680 2.11 r1l64f! JWS, 1911, 131 B 72.0 .....do........ __ • __ .......... ,. ' ........ __ .,.' 2. 1 .386 81.3 86.0 .0179 .034 .678
years. B 2.10 
II 

2.3 .455 88.0 86.2 .0178 .033 .671 2.08 ~ 
D 2.4 .523 85.7 83.4 .0183 .035 .713 ll.21 t.'i1

2.6 .585 87.8 85.1 .0179 .034 •\lS4 2.12 t"n 2. 75 .050 88.1 8~.0 .0179 .033 .682 2.1LII
II 2.8 .700 86.4 83.1 .0182 .034 .711 2.20 :!l

3.0 .7SO 87.7 84.0 .01SO .033 .695 2.16
I Not shown on Figure 3 because or congestion. ~

r1l 

~
~ 
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l...:lTABLE I.-Elements of experiments for the determination of friction 10l!ses in sheet me/al and plale-melal pille, wilh retardation coefficients in 

various fortlwlas--Continucd 

FULL-IUVETED PIl'E-Continued 
-~-	 ~ 

C'oomcicnLS of retardation l.l 

I 	 ~ Sl'Obcr
Tern­

Q1}an- Mean i Loss per· 
IQ--\ J " 

d=Tn­I 
Name aud description of pipe utr jVCIOCilVI heB ature 

c= WiI· n= f= m=Viscos· ~Pip!" Experimenter, : Ob~r· side 	 I 0.- K.=YIs· 
No year, and ago yatlOn diam­	 per per'\ lle of 

Kutter W~ls· cosily tJjwater 	 bach Ity con·< 	

second second 1,000"'I of pipe rating etcr 	 !l'e Chczy I~= ncgk'Ctcd sldcrod 

I 	
VI.; 

E
](.__ mJ'°·l

JI=K·jjl.f 

-------1---
It 15 

-1r z 3 -~--l $ 6 8 _1_8_1__11_'--I~-r' 13 	 ~ 
.... 
en\_'_-----1-·-

9 

o 
o C.Ft 	 0.850.014 0.274I

L 	

\' I7Irh.. 1CJ:~fC Fut 137.7 139.7 0.0117.J! --------	 .368 1.14 cl
65 I RAM, 1916, D 72. 0 Penstoek, lIalsey power house, PaCifiC OI\S &: 65.0 2. 30 119.3 119.0 .0134 .01S.288 --------	 .357 1.11new. 	 D Electric Co., California. Of riveted steel 70.0 2.4S 122.4 120.3 .0132 .017 mD platos, ili inch thick, butt jointed, triple 86.0 3.04 .0132 .017.4 --------	 .361 1.12 

.5' -_.....---- 122. 9 119.0 	 .3U2 1.22D 	 riveted, double l'Ollted with b'Tl\phite paint, 104.0 3.6S 113.0 .0135 .01S1.1 --_...... --- 119.6 	 .427 1.32 I:;fD brushed on; tllis series taken when pipe waa 130.0 4.88 	 107.2 .0139 .019116.01.9 ---_..---	 1.3:l t<.1II new; «by Venturi, J{ by differential gauge. 176.5 6.24 	 106.6 .0138 .019 .428117.0II 	 214.0 7.57 2. 7: ---..---- 1.34.019 .434117.4 105.3 .0138
II 	 257.5 9.11 4.0 ---- .. --- .019 .444 1.31 ~ 

116.6 103.6 .0139
B 	 200.0 10.26 5.1 -------- .019 .443 1.31

117.3 ]03.6 .0138
D 	 313.0 11.07 5.94 -------- .435 1.31 o.0137 .01S6.53 --_.. _-_ .. llS.6 104.4 	 • 7~ ";1B 	 332.0 11.74 .234 

.15! .. -_ .. ---- 14S.9 152.1 .0108 .012 
.Il(.0126 .Ol~ .200 

new. D tlon of same pipe as No. 65 above. Ofpla(os 70.0 2.4S 134.8 133.5 .0126 .014 ~66 I RAM, 1916, I D 72. 0 Penstock, IIaIsey power house, another per· 65.0 2.30 .227 -------- 134.4 135,3 	
,2'J4 .91 

.33 --------	 .316 • IIID M to '" iuch thick, lap riveted with double 86.0 3. ().l 131.3 127.S .0124 .015 
D row of rivets; tosted same time as No. 65; 104.0 3. 68 127.S 121. 4 .0127 .016.52 -------- .344 1.0: ~ 
D same type BpparatUS. 138. 0 4.88 .0130 .017.97 --------	 .370 1.11

124. S 115.0A 	 176.5 6.24 1.668 -------- .016 .371 1.11
125.7 liS. 1 .0130

A 	 214.0 7.57 2.41' -------- .374 1.11.0120 .0163.46 126.4 114.1 	 1.11A 	 257.5 9.11 -------- .380125.9 112.5 .0128 .016
4. 42 	 1.11A 	 200.0 10. 26 -------- .016 .376127.0 112.9 .0l2O

A 	 a13.0 11.07 5.06' -------- .373 1.11
128. 6 113. U .0127 .016 

A 	 332. 0 11. 74 5.56 -------- .023 .400 1.4- I105.3 105.3 .0150 

67 I RAM, 1913, I C 72. 0 Penstock, Drum power house, Paclfic Gas &: 59. 9 2. 12 113.S 112.9 .0140 .026
.270 --------	 .406 1.2 

.322 --------	 L2new. 	 B Electric Co., California. Butt joints. 70.S 2.50 115.4 112.9 .0139 .0111 .402 
B 	 86.0 3.04 .463 ----_ ....­

.. 




.016 •68 RAM, 1013, n , i2. 0 ISame penstO<'k as No. 67, lap joints, double 70. S 2.50 1-----.- 128. 1 ; I!!S. 4 .0125 .32t1 .00 
.254riveted. 	 86.0 3.04 .342 _. ___ ." 134.2 1:12.0 .0121 .014 ,297 .02

neW~ 	 n 
69 M-w-n, 1897, 	 D i2. 2:!l'ioneer power plant, 01gcn, {"tah. Uh'etcd 16. 0 5()q .0156 ...... . 116.0 1~~I.1l ,0122 .019 .345 1.07 

D sleel penstO<'k, butt joints with insldc slraps aO.3 I. OM .0768 I..... .. \JIl.I 104.1 .0154 .02t1 .491 1.52 
new~ 	 .0076 ___ ._ ...D 	 lougitudiual1y only; \'lIlne of some rUns dl!;­ 30. U LO&! 107.7 113.7 .0142 .000l .417 1.29 

C> 	 31. 7 1.114 121.3 12!l.1 .012t1 i .018 1.02 
tV D countl,<1 1~'llIse of leaking mercury ma­ .328 
tV D nomcters; pipe straight itl plan; 12 ycrlicnl H.S 1575 :~ I:::::::. 114.4 117,8 .0137 .020 .382 1.18 
..... D bends on 30-foot rallius: plates from H to 45.1\ 1.50\1 .100J ,_ ...... . 124.8 12!l.3 .012t1 .016 .322 1.00 
o 	 D IH. Inrh ill I hickllllSS by H. inth incro­ 45.7 1.606 .134 t-...... 113. I 116.2 .0130 .02t1 .391 1,21 

D menIS; diPI·,ed in IISphalt after shop riveting: 47. :i 1.670 .160 ......... 104 i 100 6 .011.0 .024 .459 1.42r 	 D loss 01 heal by merrury manometers: Q by 47.5 1.670 .100 107.6 10(1 S .0146 .022 .436 1.35 ~ 
D Venturi meter. ('omplirc with 64. 52. 2 1.835 .1$7 199.4 110 \1 .0144 .0'2'2 .~26 1.32 

I:jOO.lI 2. 141 .240 112.7 )13. I .0141 .020 .408 1,2t1

T 	
C t"!l,~.6 2.:100 .353 100.0 os. 9 .0158 ' .O'.'ll ••520 1.61 
C fh~. 8 2.313 .363 W.O Oi.7 .020 .532 l.MC o 

~ 	 n 60.6 . 2. 447 .340 Ill.'>. 2 10i. I , :g~~ , .022 .446 1.38 ~ 
60. {) , 2. 457 .31\2 100.8 10.'>. 5 j .0149 .023 .458 1.42 

n i1. 2 i 2.503 .3~9 107.7 100.4 .0148 i .022 .454 1.41 on 
7.1.8 ~ 372 1011.6 108. 2 .I(H6 .021 .4:lS 1.36 "'lB 	 2. 50417i.8 2. 735 .,477 102.1 1l1).7 .0156 , .02.1 .500 1.57 

~i Ot~il87.1 .405 1l2.~ 1011.4 .0143 .020 • 42.~ 1.32 
n 00.3 3:174 j .5S2 107.2 10.1 9 .0151 .022 .468 1. 45 ~D 
C 	 I:::: 

loa. 0 :l. 652 	 .732 1::: .. :::1 JlO.O 105.0 .0146 .021 .451 1.40 
.732 ,_ .. __ • __ 

n 105.3 3.701a.!iS7 1 .75:! 1011.0 10.1. ·1 .0147 I .021 .452 1.40 l:OB 
n 	

104.0 Ill. I 100.7 .0145 : .021 .430 1.36 ~ 
i-·-----·

D 1011.2 3. !l:19 .7/lO 112.8 lOS. J .02t1 .42!l 1.33 
B 100.4 3.846 .7i6 ,-'"-''' 112.5 1078 .014:!.0143 I' .020 .433 1. 34 t2l 

6l1a! M-W-I1, IS99, D i2. 24 ! Samc Ilire as No. 69, 2 years later, tests pre- .650 .0:.0 c:::: 7J.l ';7,6 .0108 .04$ .802 2.67 
D . slllnnl1l>' of more weight than for No. 69 1.120 .J21 8.1. I 8.'i. n .0182. .037 .702 2.18 l:O 
n abo\'c. COlllflOre with 04a. 2. 043 .2$6 I::::: :~- 1lS.5 us 2 .0169 ' .027 .5.11 I. 6.~ 

.42:1 '__ ._. __ •n 	 2.577 102.1 100. a .0150 .025 .1i04 1.56I '>-	 ~ n 	 3.157 .645 . 101.:1 07 S .0157 .02.5 .521 1.62I	 ;---- .... n Cl30 1. 117 11\,.8 1l0.9 .OIM .023 .62:1 1.63 ~ n 4. :!75 12t>8 f::::: ~:. 100.8 015 .0UOS .02.') .MO 1.09 t:::ln 4.713 1.:143 104. S OR .) •OJ5:! .02:1 .r>Ol1 1.58 

! 
n 4.770 L370 j:::::::: 104.0 \18:2 .01M .023 .609 1.58 
D 5.320 1.606 j---- .... 10.1.3 • 117. s .01M .023 .501l 1.58 

70' JlFM,ll103,2'2 	 n n.5 I Munroe renstOt'k No.2, Ellsex ro., I.nwrcllcc, 1.215 .O'J7 07.0 . 100.0 .0100 .027 .522 1.62 ~ 
yeurs. 	 n ~tn.."S. or steel pinles % inrh thirk, lull l,S5·1 .Im I:::::::: 05.S {iii. S .016'; .0:18 .548 I. iO t>:I 

n rh'oted in l'ylillller joints, 115]1111111 contL~I: Q 1. i20 .l\l7 ;.... -_ ........ 00.5 OU.7 .OW4 .028 .548 1.70 tt 
n by weir, IT hy flush piezometer tnbes at ­ 2 225 .347 94.0 02.2 .0170 .0211 .500 1. 8.1 
B tllrhed 'fO gluss guuge tulJe.~. 2.500 .442 03.6 II(). 0 .0172 .02!l .!l03 1.87 ~j------_.
D 2.fiOO .4Gl \15.2 02. 2 .0168 .028 .589 1.82 
n 2. 771 ••~.12 04.0 01. I .0170 .02!l .508 1.85 ~ 
n 2. Ufi4 .017 1-'---'-' 93.0 \/0.0 .0171 .02!l .610 1.89 Ul 

:!.300 .727 00.3 Ill. 7 .0167 .028 • 5.~5 
71 l1LD, 1023, 10 1 B 84.0 f Flow lim" Dig ('reek No. I. ('lIScu/la. Calif.: 1211.5 3.37 0.738 03.S SS.2 .0174 .02!l .525 1. f)3 

yearS. j U South~rn California l,dison Co. 2·12.0 6.211 2.070 F:::::: 104.5 94.4 .0158 .024 .535 1.00 

I I n 	 F::::: 1.81 

0.24 4.176 mS.1 Ol. \1 .015.1 .022 .520n :155.5/. 	 1.61 
115.a 1I0.3 .0143 .019 .413 1.28 

!lew'.. n gleNri~ Co. Lnp jOint, double rivets. (See 175.0 4~b5 .914 R ......... ~ , 113. S 100.2 0145 .0'20 .437 1.;1572 RX)r, 1917, I o 84.0 1Penstoek, \rise power houSll. Pacific GIIS ,l" 130.0 3.38 .491 1:::::::: 
A 	 73, 7~. 75 below.) 245.0 6.3i 1.758 114.8 10·1. 4 .0144 .020 .444 1. as ~ 
A 	 320.0 8. 32 2.928 1 116.2 103.5 .0142 .019 .445 L38 ~ 



C/.:)
TABLE I.-Elements of experiments for the determination of fridion losses in sheel metal and plate-metal pi1)(!, u>ith retarc1aHon coefficictlis in 

~ variOlls formulas-Continued 

I 	 Ft·r;rrRIYETED PIPE-Continned 

f ~~"--.--~'-- .--.-. - , 
Coolllclents of retardatlon ~ o 

I _ 	 1 Q= I 17= TT= ~I'~m· Scobey 
. 'l;;xperirMnier,; Obscr' dirn. Qnan· Mean Loss of Per· 	 ~ ....

l'!IW )'oor, and age i vat ion ~ de • Nnme and description of pipo tItyveloc!ty head ature C~= [ ­ 1\,-\,is'
~(l. of pipe I rating I d am- I I~r I~r I~r of C= \Vii· 11- 1 Wcis­ rositr In=Viscos· 

I 
I Ncr I second second Ir~ Willer Cbozy liams· Kutter bnch Dcglcct~d Itl'con· ~ , 111l7.en sldl!rcd• F'" K. = 11IVO. 1 tdIl 	 lI=I"v;:r
I I 

!-3-;-.-;~·----~~· -	 --;-1-8- -9- -1-.-1-1-1- --1-%-'-'-3-I It IS 
Cubic 1---1------.,---,--	 E 

Inrhe~ feel I Ftel I' 	 Fui • C. ~ 
73 ; RAM, 1917, (' 84.0 Same pensiock, as No. 72; lap joints; single 1300 3.38 0.442 . 121.5 1i6.S 0.0130 0.017 0.372 1.15 .... 

new. 	 B rh·ets. (See 72, H, 75.) 175.() 4.55 .!'OI •. I 121.5 W.O .0137 .017 .383 1.19 .... 
A 245,0 6.37 1.577 __ ..\ 121. 3 110.7 .0137 .018 .308 1.23 c:n 
A 320.0 8.32 2.009 123. I 110.2 .0135 .017 .300 1.23 o--"1 	

.3i774 HAM, 1917, (' 84.0 Sa:~lo ~n~tOC"k as No. 72, butt strap riyctcd'II~O.O 3.38 .4~8 120.7 115.9 .0137 .018 1.17 
<0__ 

B 	 (Sec._,t3,/5.) 1/5.0 4.55· .8.0 .' 110.2 108.0 .0142 .010 .410 1.30 ~I Ill'W. A 245.0 6.:li 1.721 , __ 1 116.1 10.,.6 .0143 .0111 .435 1.:15 

A 320. Q So:l2 2. 872 •. ; 117.4 104.0 .0141 .010 .436 1.35 fJl 


75 i RA M, 1917, B 84.0 COlllblne,] rrll~hrs 72,73, 74. (Sec 70 below \1:10.0 3.38 .459 119.3 114.4 .0139 .018 .3S6 1.20 

t:;jnow. 	 A forlsterlcstsollthlsIMlstock.) 175.0 4.55.805 110.9 109.4 .0141 .019 .414 1.28 
l:'j245.0 0.37 1.087 117.:1 106. S .0142 .019 .426 1.32 


A 320.0 8.32 2. 810 '''' .•.. liS. 6 105.0 ,0140 .018 .42; 1.32 

76 1FCS, 1919, 2 11 84.0 Wiso )K'ns!ock. Las! cnd of reneh includ,lS No. 60.0 1. 70 .IS2 23.0 100.3 00.8 .0161 .020 .512 1.59 ~ 


'" 	 years. D 72 and IIPPl'r end of No. 73 above, ail 1.11) 101. 5 2. 04 .395 25.0 100.4 1111. 0 .016.~ .020 .531 1.05 

A riveted CXl'<'p! 786 feet of butt strap pIpe; 159.0 4.13 .055 20.8 101.0 04.1 .0162 .025 .MS I. iO 


A 

A. capacity dcprcclllting. 203.0 5.28 1.614 21.4 09.4 00.0 .0165 .020 .582 1.80 ~ 
A 2m. 0 5.28 1.580 21.3 100.4 91.7 .0163 .020 .569 1.711 
A 311.0 8.08 3.057 22. 0 102.3 00.4 .OWI .025 .587 1.82 

77 I ('11, lSS7, 5 C 103.4 Holyoke, Mass., tr~nk lino. Wrou~ht·iron I 29.08 0.5 .008 •••••• ·.1 J21. 8 134.1 .0120 .017 .319 .99 
y~8rs. 	 (' plates, cylinder jOlntfd; 5 ycars old; rusl.·, 58.16 1.0 .032 ........ 120.4 I21i. I .0135 .018 .342 1.06 ~ 

C Illsirtc, no tubcrclc$, reach very short for sllch, S7.22 1. 5 .082 •.• ..... 112.7 II!!. 7 .0147 .020 .406 1.26 
C a large ]lil~; original coat nll or ncarly all 1110.25 2.0 .153 •.• ..... 110. I 107.4 .0152 .021 .439 1.30 
C .0154 .021 .454 1.41 

gonc. 	 m:! ~:g :~g ::::::::1 ll::~ 19U .467.0155 .022 1.45 
C 203.5 3.5 .490 ...... __ ; 107.7 100.3 .0157 .022 .485 1.50 
C !l.12.6 4.0 .6.-;2 ........ 1 106.7 IlS.:1 .0159 .023 .liOO 1.55 
C 261. 7 4.5 ,835 ........, 106.1 06.7 .0100 .023 .514 1.59 

C I
78 I DWP, 1925, D Oak Grovc No.3 penstocl" Portand Elcctric 120.0 1.09 .154 •••••••• 106.9 103.7 .0158 .022 .467 1.45

jl08.0
0.8 years. D Power ('0., Portland;' Oreg. Cylinder· 1117.0 2. 62 .227 •__.._••! 115.9 110.7 .0147 .019 .408 1.26 

1.. Jointed rh'otcd·steel pipe, shop painted with 210.0 3.30 .326 . __ •••_.1 121.8 114.7 .0140 .017 .3i8 1.17 

~.. _.l............. 	 ­
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-- --- ". ,. ... 	 ""'!'" '" 

1 	 A red lead. field coated with gra~lit~: qunntlty .413 .. , .. " ........ 124.7 116.2 .0138 .017 .366
242.0 13.80 	 1.13 
I 	 A by mUltiplc Pttot lube (Pree stel) method. 275, 0 4.33 • &13 ~ .... -- ... - 123.9 114.2 .0139 .017 .376 1.16~ 

I 	 D 30.,.0 4. i9 .599 ~'" ...-- .. "' .. ' 130.5 119.9 .0132 .015 .343 1.06 
j 	 .A 330.0 5. 19 .759 ~ ..... -... , 125.U 114.3 .0137 .016 .372 1.15 

i 
~


."- 3&1.0 ! 5.55 .806 .. ~""'" ~-- 125.7 lI3.8 .0137 .016 .3i5 1.16 
, ."- 395.0 t 6.2"2 1.046 "'.- .. ,. .... ~' 128. 2 115.2 .0134 .016 .364 1.13
A 425.0 6.6. 1.100 •••••.•• ' I2$. 9 115.2 .0134 .016 .363

.A 443.0 6.97 1.307 . 128.5 lI4.4 .0134 
1.12 

... - .. - ...... : 	 .016 .366 1.1379 RW, 1922, D 129.0 Pit No. 1, penstock, Cali!oro!s. 'l'riple-ri\'eted i14.0 7.56 1. 212 -........-.....~ 137.7 120.2 .0128 .014 .328 1.02
Dew. A buttjolllt. 982.0 10.81 2.20S 140.3 I 119.3 .0126 .013 .326 1.01
80 FeB, 1919, 7 A 132. 0 Deadman siphon, Los Angeles A~neduct. .. " ~ .. ." ..... 3.22 .310 22.0 ]]0.3 I 101.3 .0100 .021 .470 1.48 
ye.ars. 	 A Cylinder joints: plates U to H Inc thick, 3.245 .313 ~~:g i 110.6 , ]01.6 .0159 .021 .463 1.47 a 
A coated with asphalt paint, brushed on. 3.26 .300 112. 4. I 103.1 ,0157 .020 .454 1.43
A ---- .. __I3.41 .333 25.0 ! m:~l 103.2 .0157 • .020 .455 1.44. ~ 
A 	 __...... 3.46 .343 24.0 I 1(J.1.1 .0156 ' .020 .4&1 1.4381 FeS, 1917, 3 D 163.0 Flo,,' Hne, Ohio State Power Co., Fremont, ........ 3.665 .369 16.0 : 00.1 .0179 j .025 .569 1.77
101.91years. Ohio. 	 1 ~ 

,~,--.-~~ . 0
GlR'l'Il·RtYE'l'ED prpE on SCREW-JOIN'!' WELDED PIPE 	 I:r:j 

202 JUF,IS92, old.! D 4.04 Old wrought.·lronpipe, Nashua, N.II, Hench ..•~....J o.U54! 2.451 I 66. 6J 88. 6j 0.0125 0.058 0.810 2.04 
I D 61.5 fool betwoon piezometers; interior de· i 1.878 9. as ' 20.020.0 66.8 ; 84.3 .0125 .058 .853 2.08 
I D scribed liS .. hardly square inch without ; 2. 871 21.67 20.0 67.2 i 82. O· .0125 .057 .883 2.77 ~ 

D 	 67.3 711.1 .0124 .057 .922 2.89 ~b,"ohffi H. m,h ""h, " ~ "'"M"h "''''y I<O~ ID dules of mst; nnmerous bunches ;f. inch 6.032 126.01 20.020.0 67.3 76. 5 .0124 .0.17 .960 3.02
D with IIbout ~8 Inch betwoon summit and 9.619 241.15 20.0 67.5 74.8 .0124 .057 .988 3.10
D \"8I1ey." la.47 472. 48 20.0 Oi.» 1f 72.8 .0124 .056 1.010 3.20 Z 
D 16.84 740. 5 20.0 : 67.4 : 71.4 .0124 .057 1. 045 3.28 ~ ]3 I 19.37 9.4.9 	 20.0 , 67.6 : .056 I. o.'h~ 3.:U70.8! .0124D 	 20.69 11211.0 70.0 .0124 ,057 1.076 :1.3720.0 I 67.2/1J 	 22. 92 1378.0 20.0 67.3 69.5 .0124 .057 1.084 3.40 ~ 

204 JRF,1892, new. D 4.12 Experimental Pire, Nashu8, N. II. New, ....... .. 1.302 1.84 21.0 I lCJ:l.5 J38.9 I .0091 .024 .344 1.08
-~-

D straight, Wroug It·iron Pire, lap wcldcd With 1.053 2. 74 21.0 ]07.8 142. 5 I .0080 .022 .325 1.02 ~ 
l' ~erew joints: cODsidero( represenlati\"c of 1.847 3.84 21.0' J01.7 131. 4 .009;3 .02., .363 1.16 t::t 
C ordinary uew lap·welded 1892 pipes; tests at 1. 8M 3.86 21.0 101,9 132. 8 .009:1 .02., .368 1.16 Ul
D \"eloei! ies below 1 foot per second excluded. 1.985 3.94 21.0 107.0 .022 .330 1.04BO.5! .0089II Mr. }'rooman describes inside as examined 2. 044 6.59 21. 0 111.2 141.9 .0087 .021 .321 ~ 1.01D by a mirror on nlong rod: .. Almost c\'cry 3.123 9,41 21.0 100.9 138.2 .0088 .021 .333 1.05 t<J
D foot of Interior contains ridges and bnnches :1. 607 11.80 21.0 11:1.4 141.4 . 00S6 .020 .316 1.00 t'I 13 rfoo to %00 inch high with rounded gently 4.330 16.87 21.0 )]3.0 138.9 1 .0086 .020 .321 1.01
D SIO~ng edges and all of surface is Ii littlc 4.750 19.84 21.0 115.1 140. 5 j .0085 .019 .317 1.00 ~I 	 C sen by." 5. 431, 23. 78 21.0 120.2 145. 7 1 .0082 .018 .295 .93n 5.462 25.97 21.0 115.7 139.7 .0085 .019 .318 1.00 ~ n 7.700 51. 48 21.0 117.3 137.8 .0084 .019 .321 1.01 00 

j 	
D 9.415 i4.43 21.0 117.8 136.4 .0084 .019 .324 ].02
D ll.09 111.47 21.0 119.5 136.2 .0063 .018 .321 1.01
D 13. U3 154.34 21.0 121.0 130.2 .0082 .018 .320 1.00
D li.12 21.0 ]22.0 135.1 .0082 .017 .321 1.01
D 	 2'2!l.37 I1D.15 285.68 21.0 12'.!. 2 134.1 .0082 .017 .323 1.02
D 19.43 298. 69 21.0 121.4 133.0 .0082 .018 .328 1.03D 22. 57 300.49 21.0 123.3 13:3.6 .0081 .017 .323 1.02 ~ D 23.41 417.73 21.0 123.6 133.6 .0081 .017 .322 1.01 01 

I 

I 

.~ 
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T ABLE I.-Elements of experimenis for the determi11ation oJ friction losses in sheet metal and plate-metal pipe, with reiardali{Jn coefficienls in Q) 

various forullllas-Continued 

OillTlI-RIYE'l'ED PIPE OR SCREW-JOIN'],' WELDlm I'lP.E-Continued 

I 	 Cocillcicnts of retardaUon C 
~ 

I ~H~ I 	 I St'Oooy ....Q= V- Loss or Tern­
d=Tn-	 Quan- Mean 

Pipe E:<p('rim~ntcr, 
Obscr- side velocity head :g~ c~= I ~ Name and description o( pipe tIt~· f= K Visrear, and ago Yarion dl8m-	 per per per or c= WI\- fl= Wcis- '='t - m ..Vlscos- t<No. o(pipe rating eler second second l{~ water Chezy 	 lIaOlS- Kutter bach COSI Y ity con- \:dil8ZCn neglCCW~t ~iderod 

l:f..K.1)r.i" K.=1RI"·1 

------------f----	 ~ ---	 1510 11 12 IS U 

1 ~ 3 
 1 8, 	 • I

f---- J ~ -- I . ~ 	 .... 
I 
 Cubic 
 o c_ 	 en 

feet Feet Feet 	 ~\ luche. 	 112.0 143. S O. 0000 0.021 0. 312 O. !l8
1.925 2. 77 21.0 

:lOO !JRF,lS92, now_ stfllight, wroug It-irG!l pipe, lap welded with 2.006 3.26 21.0 liD. 8 141.3 .0001 .00 C\n 5.12 Experimental Pi/:r' Nashua, N. 	lI. New, -------- .021 .322 1.01 
n 	 14D.1i .0080 ,019 .31510.86 21.0 115.4screw Joints. (Soo No. 204 above (or de- 3.929 	 1.00n 	 137.2 .0087 .018 .3187.714 39.51 21.0 118.8 	 I:ll
13 scription.) 	 121).2 136.1 .0086 .018 .l119 1.00

O. 0\l6 64.83 21.0 	 1,2(JI 13 	 IlO.6 J23.7 .0002 .on .381 t:j10. 63 BaM 21.0
C 	 121.1 134.0 .0086 .018 .324 I.m

13. 36 114.25 21.0 	 tr-.1
B 	 121.7 133.8 .0085 .017 .324 I. OJ

14.53 I3.~. 67 21.0
13 	 21.0 121.6 132. 7 .0035 .017 .327 l~ 00 ~ J5. !l9 ]62. 08
11 	 21.0 12'2. 4 132. 5 .0085 .017 .326 1. o:!

17.86 100.50 1,00B 	 .017 .33020.47 261.66 21.0 122. 5 131.1 .0085 	 01. o:!B 	 .017 .3272D. 51) 261.89 21.0 123.1 131.8 .0084 	 "".I n ____.do_________________________________________ .73 23.0 103.4 136.9 .0007 .024 .349 1.1(
•!l99

208 JRF,1892, new. B 6.14 	 ------- ... 110.0 138. 5 .0004 .021 .331 1. (J.' >1.954 2. 47 23.0 1.01n 	 •00\l2 .020 .31S G'l
2. 446 3.64 23.0 113.4 140.7 

B 	 140.7 . 00Il2 • 02(J .315 1.0( I:d23.0 114.82.888 4.95 	 .....31l • IIIB 	 139.8 . 0089 .0184.805 12, 85 23.0 118.5 	 c.0: 

I
11 	 5.600 16. 62 23.0 123.5 144.2 .0087 .017 .291 
11 	 .018 .310 .'J1121. 3 140.2 .00887.391 29.00 23.0
11 	 .017 .318 1.0(121.4 135.9 .00889.529 48.13 23.0
13 	 123.B 136. 9 .0087 .017 .311 •III

11.25 64.57 23.0
13 	 137.3 .0086 .016 .307 .9:23.0 125.011.93 71.2711 	 .017 .317 LOI

16. 61 123.37 23.0 124.8 134.5 .0087 	 LO11 	 .017 •alii
16. \lO 143. 34 ...... -_...... 124.8 133.7 .0087 

11 



210 ' JR:P,IS!t.l,llCW.l 	 n 'i o..) "" .do•.•.•
n I 4~1I 1. (11; 2\, U 111, r. 14(~ .-; • ().'Y.}S . 1.02
IINI 1.1>1\1 21, !JI 	 11:1. ; Hli. U .021,' :gi~ !B 	 • !iJJ7 .0'_\1 1.00~t 1~7, 4.. 1;- :!1 0
4 tl()~ Ii 1-;, 21 (J 11",2 

n 	 Iltl. i 13\1.1 .OlU .:m 1.00 n 	 13.... t :~t~ .OIS. .316 .00
B ;\ 436 11. ~l 2LH 122. t l'l!l Ii .0092 
D 1i.1S12 14.23 ~I.!) IlU. II I:RII .00!4 . .OJ'l .305 .00 

.324 1.02
H 5oli.2 H.M ~I U 1I~; 134. " ,l)(YJ4 :gl~ j .326 1.02
B 	 6.20S 1.1, So, 21.0 1211.4 131',. II .000H .01R I .318 1.00O. 71lS' IS. &1 21.0 120.3 l:!:..u •()OnB 	 .018 • :~21 1.017.160 21. 00 21.(1 121).1\n 	 134... • UO'J,I .322 1.01 ~ 
H 	 7.4;4; 2'~ if, 21.0 121. (] l:H... .0093 :gl~ I .321 1.017. t~7 j 24d'll 21.0 IW.U 13;1.2 	 ~ n 	 .0094 .328 L038.158 1 2.5.43n 	 21.0 124.11 13S. 4 • OOfil ~ 017 .394 .\l5 ":j
B 	 ~,2.14 ; 27. 15 2)0 12'.!, .. 13,'1. 3 .017'OlS,· 00!1~ .317 LOOB 	 U lOS 32.45 21.0 123.4 13n..; .OO'J2 .017 .315 .W S 
B 	 D.:!SI , 34.9\1 21,0 1212 13'2.6 .OOJ3 .00S .327 1. OS10.:17 i 42.4t' 21.0, 12'.2 U 133.4 .(X)(l2 	 ~B 	 .017 .322 LOt 
II 	 11. 7! 'sa. OS 2l.0 124 2 1:~1.G .OOU] .017 .310 1.00 o
B 	 12.31 57.71 21,0 12.'J 1 J3~. !! .0091 .016 ":j.3Ul .9\1I:!. U5 (>0. 33 21, 0 12'2. i!n 	 131.0 .0092 .017 •a:1O 1.04

211 I GUD, 1019, 	 (' • 13.O'J (i6.8O 21.0 123.0 131. 2 .00')2S.94 I T(l('OIl('C lln~1 (,hn~, South Am~rica. W~lded ;........ 1 2. OS 2. 32 	 .017 .328 l,OS ~ 

new. 	 97.6 117.4 .0111C l rolled stee "Hnc pipe," seren' coupHn~s; 1 I 2.13 2.10 	 .0'27 .438 1.38 o 	 107, i 130. 1 .0103 .0'22 .36'l 1.12

D loss of bend hy pressure gauges. ' 3.4S 4. 36 1070' 120.9 .0194 , 0!!2 .374 1.16 ~quantity meaSUred hl' Ycntur! and ",";1:: I 2.67 3.:~1 
D 	 121.1 H2.0 .6095 .01S .300 .93 l:d3.61 4.74 )')<) 5 !D 	 143.2,' .0094 .017 .296 .924.36 6.772121 WLDUM,lOI5.! 	 o 12is; J.IL5 .0094 .017 .209 .9310.0 IMorenci, Ariz., 6 yenrs old ............................j 4.OS tl.8!!
214 \\"J R, 1910••.• 	 D IOS.2) 122. 9 ; .0100 .0'22 .387 1.20 

~ 
15.,5 OIenwood Sprinb'S, Colo., 22 yellrs old.........1...... ". II. 38 19.6S
216 :PCS, 1917, 4 	 D 142. 7 ' HfJ.S I .0092 .013 .200 

years. B 36.0 HlIlttesn'lko siphon, ';pring Drook Willer ........,' I. 2"21 .2'24 94.4 .0144 	
.79 ~ 


Supply Co., Wilkes·Burrc, I'll. An In· 1.• 885.535 103.8l •0!!9 .514 1.50Jn \'crtod siphon pipe across 1\ deep Tn"ine, 2.:!tIll. i24 94.2 t 100.2 .0148 .0'2\1 S3S 1. (\.'j ~ B between sections of open chnnnel; eIcessivo 2.694 1.301 W.5 .0148 • 0!!9 .539 1.67
A 	 88.0 .0Ift1 .035 .603lOSS o( head Cllusl'd by sUmy lUgOO growth 2.943 1. 3[>6 	 2.00~gl' 	 ~ A 	 92.3 94.6 .0152 .030 ,5S4 1.81(rom H to}. inrh thick. 3.700 2. 18~ 	 t:IA 	 93.7 IH.4 .0150 .0!!9 .579 1.803.978 2. 5S5 00.5 00.2 

216a1 mL, 1917, 4 ! D 36.0 4. S70 3.078 95.1 IH.4 .0148 .0'28 .5TJ 1.78 
A 	 .01M .032 .627 1.94 

years. D Snmo pipe lIS No. 216; tests conducted with 1,221 .228 03.5 10'2.8 .0140 .030 ~ company apparatus, result.s agreo n;tWn .523 1.021.885 .521 95.S 	 t;jD rellSon. 	 101.6 .0146 .028 .521 1.022.200 .noD 	 918 00.3 .0152 .031 .573 t"1.782.694 1.286A 	 86.7 89.1 .0100 .034 .600 2.032.943 1.374A 91.7 94.0 .0153 .031 .591 1.83 :::l 
A 89.9 89.8 .01[>6 .032 .6.'13 1. tl6

3.978 2.609 
218 1012, 4 YQars••• o 36.0 4.570 3.051 91i.,'i 94.S .0148 .028 ~ Montrenl Wnter &: Powor Co. (Sec descrip-	 .568 1.7621. 21 2.9\1 .680o tion this pipo on p. 114.) 	 133 0 139.3 .0110 .015 .284 .88 U2 

26.31220 19IL•••••••••1 	 D 37.0 3.72 1.02 133.0 139.3 .0110Conduit No.3, Rochester, N. Y. Now pipe••• 	 .015 .284 .8828.64 3.84 1.448 114.82"2Oa 1019, I YQar____1 	B 37.0 Snm~ pipe lIS No. 220, year Inter............... 117 '1 .0126 .0'.10 .387 1.20
220b 1920, 2 years... 	 n 28.00 3.76 1.452 112.4 114.537.0 Hflm~ pipe lIS No. 220, 1 year still Inter......... 	 .0126 •0!!9 .404 1.25
220c 1926, 8 years ••• 	 D 37.0 28.60 3.83 1.432 115.3 117.6 .0126 .010 .386m 1020..____• __ __ Samopipo lIS No. 220, 6 yQars stili later........ 	 1.20D 37.0 	 26.34 3.53 1.428 14.4 106.3 lOS. 5 .013.5 .0".3 .440 1.39222a 1926________••• RocilosLOr No.3. From Rush Reservoir to 30.33 4.00 1.949D 37.0 Mount ilOIlO Ucscr\-o\r. 4.0 194.8 105.5 .0137 .023 .470 1.4524.22 3.24 1.409 4.0 98.4 100.4 .0144 .027 .520 ~1.00 
~ 



~
T ADLE I.-Elements of experiments for the determination of friction losses in sheet metal and plate-metal pipe, with relardal.ion coefficients in 

various formulas-Continued 

GIRTlI-RIVETED PIPE OR SCREW-JOINT WELDED PIPE-Continued 

j 	 Coc1llclents of retardation ~ 
IT= 	 Soobcy1 	 Q= V= Lossor

I
Tem­

d=In-	 Quan- Mean ~:~
Pipe Exporimenter, Obser- side Name nnd description of pipe tity velocity bead C~= f= K,=Yls­

year, nnd age vaHon dinm-	 per per per of 0= WU- n= Wois- coslty m=Ylscos- INo. OfJlipe rating 	 second second 1(~ water Cbezy liaDls- Kutter bach neglected Ity con·
elcr 	 Hazen In.; sidered

I:l=K'j)w IC.=11l"O.1 

------!--------- ­, 	 10 11 12 13 Ii IS 
5 	 6 7 S 9

1 2 3 I , 	 ----- I----I--

I 
Cubic 	

~....
o C.feet Fee! 	 Feet 1.16 01110.1 0.0128 	 O.01P 0.391lnches flpringfjcld, Ma:'5_____________________________ 39.65 4.12 1.H7 1.0 115.8 

.0128 .019 .387 1.15 9
224 JBP, 1926, 17 B 42.0 Same line, 11 days later _______________________ 39.87 4.14 1.45~ 1.0 110.2 JlO.4 

.295 .88
years. B 78.51 7.43 3. 0!l0 ..........-- .. 139.7 135. 0 .0llO .013 

.00Bull Hrnl conduit No.2, Portland, Oreg ______ 	 130.1 .0Ui .014 .309 ~225 F.:IfH, 1922, 11 A 44.0 	 5.32 1.472 . .. ---........ 133.3

A 52.0 	 is. 51 

146.6 140.6 .0100 .012 .262 .81
2258 years. Bull Run conduit No. 3_______________________ 114.5 6.24 1.502 ~ ....... --- .. .293 .01
226 FlI!IL________ B $.0 

Anotber reacb of same pipe as No. 226_________ 114.5 6.24 1.670 ... ~ .... -..,- 138.5 132. 5 .0115 .013 !Xl 
22Gn 1025.__________ 	 130.2 .0112 .013 .278 .86 

10~5___________ B 58.0 2.1 pcr cent butt-stmp pill6.._________ --. _______ 114.5 0.24 1.593 ..... ~ .. -.. -.. 142.4 
.013 .2fl3 .88

22Gb B 58.0 Above 3 renchos combined_____________________ 114.5 6.24 1.618 ---- .. --- 141.1 135.1 .0113 	 i
226c 1025___________ 	 131.8 128.S .0122 .015 .314 .00

A 58.0 
Mokelumne Aqueduct, gast Bay municipal 88.97 3.86 .636 24. 

]37.0 .0115 .013 .279 .88
1227a FCS, 1929, A 65.0 .567 24. 139.3 

1227b new. 88.07 3.M .580 1.12
A 65.0 	 utility district, California. 88.97 3.86 

24. 137.7 135.3 .0117 .014 .286 .91 ~
113.7 .0128 .014 .361

1227c A 65.0 
Penstock, Pit No.1 California. Lap-welded, 714.0 14.20 5.67 -_ ... ---- 133.3 

.0124 .014 .3M 1.10
22S R\V,1922, new_ n 00.0 982.0 19.54 10. IS -... -- .. --~ 136.9 114.0 

.370 1.15 ~
B 	 bump-joint pipe. 

714.0 11.22 3.264 130. 9 112.4 .0131 .015 
1.10RW, 192'2_____ B 108.0 Same penstock lIS No. 228, lap-welded, bump-

15.45 5.761 ... -----_... 135.7 113.0 .0127 .014 .356 g;230 	 982.0
B 	 Joint pipe; new. 

_._-	 ge!
CONTINUOUS-INTERIOR PIPE 2 

4.90 31.1 	 132.5 173.9 I 0.0075 0.015 0.222 O. 4 

3.628 Experimental pipe, Versailles. Pa. Straight 0.182 2.55 
32.S 112.0 144.7 .0084 .021 .311 1. 004

302 FWF, JJW, D .202 2.83 8.37 	 985
1917, 1 year. 	 B lall-welded wrought stool Ilipe, fitted with 

.223 3.11 9.97 25.6 113.3 144.5 .0084 .020 .310
Matheson joints between sections averag-	 .019 .303 8 ~B 	 13.88 33.3 115.8 145.8 .0083
ing 17 feet long; conted inside with coal tar; .269 3.75 

23.3 121. 6 152. 6 .0080 .017 .279 1
B .293 4. OS 14.00 	 965
B 	 inside diameter determined by weighing 

5.03 24.00 33.3 118.1 141;.5 .0081 .018 .200 
water content, low velocities determined by .361 	 .018 .296 939

B 	 .370 1\.15 24.82 25.0 118.9 145.3 .0081 
.280 000

A 	 volumetric tests, higher velocities by check-
.375 5 2:~ 24. IS 30.6 122.3 150.7 .0079 .017

ed Venturi DIeter; loss of bead by mercury
A 



A U luhe mnnouwters p,rept for \'elo('itips .449 0.26 133.61 25.0 .. 124.1 ; 150.S .0079 .017 .280 • 8\)0 
A above S.03 for whkh n spring guuge was u,ed. .4',9 6.39 3-1.71 31... 1:.!4.S 151. 4 .OO;S .OJ6 .277 .892 
A • 4tH tl.46 36.09 24.4 .. 1'23.7 ' HU.D · Wi9 .017 .2S0 .SS7 
A .535 7.45147.67 ~i: ~ : 124.1 ; 14H.7 .0079 .017 2S') • 90S 
A .543 7.50 49.09 J~l. ~ I 147.2 .00;0 .017 .2S7 .915 
A .611 S.52 61. 23 31.1 .. 1_5._ i 148.0 .00i8 .016 .280 •!lOO 
A .619 S.63 63. OS 2,~ 2 i gUt 147.4 .0079 .017 .2S5 .909 
A .fi2!l 8. 75 (>6.25 24.41 14G. 3 .0079 .017 .28S .913 
A . !iS7 9.58 81.00 33.3 122.4. I 143.8 .0079 .017 • :'>lJ7 .959 
A .li97 9.71 81.42 ~~.~ I 123.8 I 145. Z .0079 .017 .291 .934 ~ 
A .744 1O.3,'i 02.87 3_. -I i~:~t 144.2 .0079 .017 .294 .OH ~ 
A .7t15 10. r., 9.1. is 28.9 145.9 .OO7S .016 .287 .919 
A .772 10.76 9U.75 121.1 144.2 .oo70 .Oli .293 .9·13 I:j

~UlA .840 11.'71 lJO.50 124.8 144.3 
304 .. F\\'F. JJW. I A ,s,72 ' }~lpCriUll"Tltnl pipe, Versailles, }')3. (See No. .190 1.10 00­ 26.1 104.6 13S. -I• __ I 

.oo78 .016 

.0096 .023 
.291 
.342 

.936 
LOSS 

t-< 
0 

UH7. 1 year. I A 302 for geneml notes.) .355 1.99 2.6,11 33.3 112.4 142.5 .00\)2 .020 .315 L017 ~ 
A ..~35 3.oo 5.436 :12.5 lli.9 145.2 .~'9 .00S .299 .065 
A .713 4.00 9.200 3" 0 . 120.8/ 145.7 
A .802 5.00 14.18 32.2 121.6 144.2 

• OOS7 .018 
OOS' .017· . .292 

.295 
.940 
.950 

0 
l:j 

A 1.070 6. oo 20.34 32.2 121.8 142.4 .OOS7 .017 .299 .9(\3 
A 1.248 7. oo 27~ 2-t 31.7 122.8 141. 9 .0086 .017 .290 .963 ~ A 1.426 ROO 35.46 32.2 12:1. 0 140.8 .OOSO .IH7 .302 .973 
A I. 605 9.oo 44.38 31.1 ]23.7 140.2 .OOS6 .017 .302 .971 ~ A 1.78:\ 10.oo 53.81 30.0 124.9 130.7 .OOS5 .016 .3oo •Of>! 

306 RWS, J007 ....! B 6.00 ('oroeH l;n[\,crsity. Ithsen, N. Y., test on 6 I. 61 l.Ot 20.5 112.7 144.0 .0092 .020 .300 .971 pj 

B lengths of rusty \\Tought-iron pipe used for 2.27 3.09 114.7 143.1 .0092 .020 .308 .069 
J3 soma yoars in 1I stenm-heating plant; flllnge 2.87 'l.ifl2 116. S 143.5 .0091 .019 .305 .957 Z 
13 ronnertrd; loss of IWlld by difl'orontilll wutrr 3.55 7.0S7 11S.·1 143.2 
H gURge; qunntit)· hy ,"olumNrie mNlSure· J :. s 8.366 119.1 J.l3.1 

.0090 .018 
_OOSO .00S 

.30.1 

.303 
.951 
.051 pj.... 

B incn!.; 2 opposiln piu,.ometrr holes at each : ~~ .ru 10.067 120.0 143.2 .0089 .018 •:lOO .942 
H end of rench. .. 4.80 12.·19 120.0 142.0 .OOSS .018 .301 .944 ~ 
B I ,1.22 14.59 121.4 142.11 .OOSS .QlS .3oo .041 
H 5.67 16.98 122.2 H2.7 .00ss .017 .298 .937 ~ 
B (i. 03 19.14 12'2.4 142.2 .ooss .017 .2\l9 .938 t:I

Laternl No. 21 from Chutsworth high lillO, T,os 1..._....30S J,'Ci'. 1019, :l A 7.69 4. ,~O 10.09 107.3 123.~! yeurS. A Angeles. Boll-and-spigot joint pipe, conted I 5.52 10.Ob lOS. 9 123.7 
.0]01 .022 
.Oloo .022 

.387 

.3&1 
1.227 
1.215 UJ 

A with coal-tar dip. 5.03 16.21 110.0 125~5 .0009 .021 .372 1. lSI >3 

310 !"'WI', JJW, 
A 6.55 21.29 112.3 126.0 
C S.OO Exeerimontnl pipe, Versailles, Pn. l)crfect1~· .349 1. oo .38 -"25~ii- 125.6 11>1.2

I 1917, 1 yenr. H s raight. wrought steel pipp, with ~ntcnt .69S 2.oo 1.59 23.9 122. S 152.2 

.0098 .020 
• ODS. .016 
.0091 .017 

.3!iS 

.243 

.273 

1.160 
.774 
.864 

~ 
~ 
t-< 

0 joints nbout 20 feet n[lnrt; conted wit 1 conI 1.047 3.00 3.15 26.7 130.0 J59.0 
A tar; quuntity b~r Verituri meter; loss of hend . J. :JU6 4. oo 5.81 26.7 128.5 151. 2 

ODS' .015
• I
.ODS9 .016 

.250 

.267 
.797 
.851 ::s 

A by Illcreut)' U tubes, Mtcr tests pipe tuken ). 746 5.oo S.66 2i.2 131. 6 152.4 .0087 .015 .261 .830 "d 
A down and slight !leposi! mud found. 2.005 6.00 12.18 27.8 133.2 152.1 .ooSO .0145 .259 .828 ~ 

UJA 2.444 7. oo 10.48 25.0 133.6 150.7 .ODSO .014 .262 .831 
A 2.793 ROO 21.19 25.0 134.0 150.4 .ooso .014 .261 .828 
A 3.142 ROO 26.65 24.4 135.0 149.6 •OOSO .014 .262 .831 
A 3.316 9.50 29.58 24.6 135.3 149.1 .ooso .014 .263 .834 

1.14.00311 I JD, 1926_. __ ..\ A l\{nill supply line, Jlend, Oreg. New Illpo __.. 8.909 8.334 13.62 2.0 132.7 I J39.8 .0096 .015 .287 .SS9 

I These tests wero made acter bulletin had been submitted for pnblication. Description will be found in Appendix 2, p. 126. 
• For compound pipes of this class see Nos. 150-162. ~ 

~ 



TABLE I.-Elements of experiments for the determination of friction losses in sheet metal and plate-metal pipe, with retardation coefficients in ~ 
various formulas 

CONTINUOUS-INTERIOR PIPE-Continued 

d=In-
Pipe Experimenter, Obscr­ side 
No. year, and age 'vation dlam­

of pipe rating eter 

---
I 2 3 , 

---
Inches 

312 ELM, 1926____ D '19. 2 
D 
D 
D 
C 
C 
C 
13 
B 
B 
B 
B 

313 JSP, FCS, A 26.0 
1927. A 

A 
314 CSRP, 1904.__ B 30.0 

D 
316 llFM, 1888, B 84.0 

2.3 years. B 
B 
B 
B 

Name and description of pipe 

5 

Colorado Springs, Colo.; municipal plant ~n-
stock, coupling Joint pipe, noinlnal 20· ch 
outside diameter of plate from ~o to 'io 
inch thick; weighted average diameter 19.2 
inches; quani.lty by Venturi meter low flows 
given D mting as gauge No. 2not dilTerential 
but was nnder nearly 500 pounds bead, close 
reading impossible. 

Marin municil.lal water district California. 
Full welded line, very crooked; 1 year old. 

CooJgardie f,ipe line, AUstralia. Lock-bar 
pipe, butt omts, leaded sleeve. 

Paeiflc MIlls penstock No.2, Lawrence, Mass. 
Dutt jointed, all rivet beads countersunk, 
.. making a smootb interior surface... 

Q= 17= J-I= Tem-Loss of
Quan- Mean bead 

per­
tlty velocity per ature 
per se~d 1,000 of 

second waterfeet 

-- ­ -- ­ -- ­
8 7 8 9 

-- ­ -- ­ ---
Cubic 
fut Feet Fed DC. 
6.0 2.98 .99 ~.- -_ ... -­
7.0 3.47 1.43 -------­
8.0 3.97 1.99 -------­
9.0 4. 47 2.59 -------­

10.0 4.06 3.30 -------­
11.0 5.46 4.10 .------­
12.0 5.96 4.94 -­ .. ----­
13.0 6.45 5.90 -------­
14.0 6.95 6.94 -------­
15.0 7.44 8.13 --~-----

16.0 7.94 9.49 --------­
16.1 7.99 9.65 -------­
10.68 2.90 1.11 

---i4~ii-20.17 5.47 3.67 
22. 26 6.04 4.46 -------­

-------­ 1.889 .426 
2.115 ,[>30 -------­
2.589 .266 -------­
2.728 .281 -------­
2.772 .297 -------­
3.179 .397 -------­
3.524 .469 -------­

(j= 
Cbezy 

-- ­
10 

-- ­

149.7 
145.0 
140.6 
138.8 
136.5 
134.8 
134.0 
!32.7 
131.9 
130.4 
128.8 
128.5 
118.2 
122.6 
123.0 
115.8 
116.2 
120,0 
123.0 
121.6 
120.6 
123.0 

Coefficients of retardation 

Scobey 

Cv= f=Wil­ n= Wefs­ K.=VIs- m=V!SCOS­
liams- Kutter cosity 
llazen 

bach neglected 
Ity con-

V'" 
sidered 

H=K·D,·, K,=mvO•1 

-- ­
11 12 13 . 14 15 

-- ­

168.8 0.0090 0.01I6 0.209 0.65 
161.5 .0093 .0122 .226 .70 
154.2 .0096 .0130 .243 .76 
150.3 .0097 .0134 .204 .79 
146.6 .0098 .0138 .264 .82 
143.5 .0100 .0142 .273 .84 
141.7 .0101 .0143 .279 .86 
139.3 .0101 .0146 .287 .89 
137.5 .0102 .0148 .293 .91 
135.2 .0\03 .0151 .aOl .93 
132.7 .0194 .0155 .31I .06 
132.3 .0194 .0156 .312 .97 
127.5 .01I6 .018 .344 1.06 
125.3 .0113 .017 .341 1.05 
126.1 .0113 .017 .342 1.06 
127.3 .0119 .019 .348 1.0711 
126.7 .0119 .019 .350 1.08li 
117,6 .0137 .018 .371 1.15 
120.3 .0134 .017 .354 1.10 
118.7 .0135 .017 .365 1. !'3 
116.4 .0137 .017 .375 1.J,6 
117.9 .0134 .017 .366 1. :;3 

~ 

! 
~ 

I 
~ 
~ 
~ 

~ 
?l 

~ 
~ 
~ 

~ 
C 

~ 

~ 

'" 




3168 llFM, 1899, B 84.0 Same pipe as No. 316, 11 years latcr___________ 
13 years. 	 -------- 2. 075 .240 ...... ....... 101.3 99.7 .0160 .025 .512
B 	 1 .. liII2.5i\l .381 

~ 

B 	 ... - .. ----- 99.9 00.5 ,0163 .626 .536 1.66 
n 	 3.379 .630 -- ... ----- 101. 7 00.4 ,0161 .025 ,5.10 1.64 

318 llFM, 1888, B 	 3.5S8 .735 --....... _-- 100.0 94.2 .0164 .026 .549 1.70
84.0 Pacific Mills penstock No.3 parallel to No. -------- 2.699 .307 116.5 113.5 .01412.3 years. n 316. Same condition. 	 3.489 .516 
--------

116.1 
.019 .300 1.23 

I 
n -------- !l0.9 .0142 .019 .409 1.27 
B 3.790 .603 - .. ------ lI6.7 110.7 .0142 .019 ,408 1.263.803 .608 116.6 110.6 .014231Ba llFM, 1890, B 81.0 Same pipe as No. 318, 11 years later____________ ----.. ---	 .019 .409 1.273.612 .690-------- ------ ..... 104.0 98. 1 .0158 .0"..4 .510 1.58II13 years. 	 3.660 .692 105.2 99.2]) 	 -------- .0156 .023 .499 1.55 
]) 	 3.670 .705 -.------ lOt. 5 98.5 .0157 .024 .508 1.573.705I 	 .724 -------- 104.1 98.0 .0157 .024 ,511 1.58 s 

I A\"er8ge, 	 ~ 
0 
~ 
0 
":f 

~ 
~. 

1:l:l 

; 
Z 

~ 
00 

~ 
tI 

~ 
~ 
00 

~ .-­

~..\·,.,.-,C·.­...•L 	 h . 



~ 

T .~Dl.E 2.-Eleme1Its of eXIJerimf1l(s for Ihe determination of local friction losses in compotltlcllJipes, llith coefficients of "elardaiion in variolls ~ 
for1llulas Ihat u'ill ~alisfY 11lcall1ll'cd 10101 loss of head. 


~--.~--l----r---:---'----
Coefficients of rctnrdalion Ru.d local losses 

~ 
cScobey II: 

r' f E j Z 
Hl'ipe .,xperl1Mnt~r, 1 Obsrr'j' :xp~r'l

No. )enr, aud ngeof' vluioll • lme)l' Name nnd description of pipe C 

I 
::­Plil{) rllliug I Illumbertcr S I I:"l 
td 
q 

__1 , - ---,I ~ 
;2 j 3 I ~ ! 

~_,___~,~......J j ! ----- ~ 
! 

i-'1 
<:" 

1', ~o 
nochester. X. Y., conduit NO.1. The an,O.)l.U 

! new, 24·iu!'h is cnsL iroll [or which C~ wns 15,419.0 q 
j IlSSlllllCd 130. (See uelt set.) 50,810.0 

D Same, wHh Cw nssumed at 135. vnlllc"q 36,031.0 m 

-c=-
6 

150 \ JST, ]870, \ D 

150 IJ l"'I'. lSitl. 
now. K, tnkon to conform to assumed C... 15,419.0 

[00. 8l9. 0 
(' 2,410.0 ~ 152 \ RW,1021,llOW. 1,320.0 

2,:IlO.0I ~ '. '}?5.0 

"ll~421 1l.493 o 
!oj

1- ­
3.52 97.S I 4.22 .M7 1.69 

(' 4.214\152 . , .. -_ .. \ 30.57\2,410.0\} .014+\ 2.44 .M7 2.460 1.00
3(1.07 I, ~20. 0 Q=¥~.7 3.02 .014+ :l7.8

152 B .()\4 10.16 .M7 10.345 1.6930.21 2,310.0 "t=23.1 5.16 97.8l{ I. M7 6.390 . 1.601 30.00 I, a75. 0 5.24 .014 07.8 0.31 

23.409 

2.611 .842 10. 400 I152 ................ D 2.6}
30. 57 1 2,410.0 I} 4.51 \ .0Ii+\ ~, :~ .8421 0.07030.07 I, :120. 0 Q"'32.0 4.64 .017+ 76.5 O. II 
76.5 I 25.(14 . H42 . 2.1.518 2. 61aO.21 2,310.0 1<1=57.7 0.61 .Oli-' 

2.61I{ 0.70 .017­30.00 1,375.0 76. 51,~5. 08 • .842 F~~ 
5S.03 57.652 .=. 

.. ... ,. .... '----* ......- ~. ..;:.;... ..... "_--AI.... tI.. ~ .....• 



5.40 : ,017 76.5 14.6 2.60
11 36.M : 1.320,0' Q=39..! 5.55 .017 7!J. 5 S. 5 .S3S S.528 2.602, 410, 0 '} '{ .83S 114.liSI 
:, 30.07; 
: :lO 21 I 2,310.0, h,=/j(J.' 7. III .017 76. 5 :i.1, S .sas 35.695 2.00 

8.03 .017 76.5 22. 0 • S3S 22. 031 2.001,3.".0 I1 30.00 
l>O.S SO. 835 

1 
A Hl\'cr ~Iphon. Bitter Hoot "aile)' irri.! 7L 0 9.73 ! .0135+ .42311.244 1.31 


i y~~rs. f J:lItion distrirt, 1\1 onlnn8. condl'l m).37 11.23 , .0135+ .423 .850 1.31
1M !}'C~. 1923, 14 ' 2760} :1I !~~' ~ Q=26S.5 .0135- .423 10.882 1.31lions right for very »t'Cumte test. ,61.S 12. 00 

I 

0)1 -03'':' "/=37.0
I66.37 

iI.O 

-,' ,- , 11.23 .01:15- .423 17.255 1.31 e 
370.0 : 9.73 .013.';- .4:13 1.6.')8 1.31 

1 I 37.800
I • !j ~ 

156 I II LD, 1921, ]) 11-1 Penstork, Kern Hh'cr No. 3 power 1184 0 2,C,o 1.015+ 1.4401 .100 '1.36 
31f1 0 11 11.36 

CO. t Califormo; tl eomponutl pillt" 72 0 20/.,0 '( 3. &1 .015- 1.440 • )39 , 1.36 ";j 
consisting of 3 lengths of rt\'etod pipo I 06 0 4.21 .011- .2-'>5 .513 .70 

new. plant, f;olltlwrn C'nhf,lruill Ru,son, ,,< 0 2:l~. 0, !l=1000 :1.01 : .015- I.HO .IOS o 
8.';3 0" hf= I.W : 

made of pinto from % to ?i~ 1IIeli GO. 0 ~.O 0 ' , 5.00 .Oll- .255 .830 .j'\) 

thick and 2 lengths of "'eldod pipe of ~ 
pinto frolll ;16 to Hio ",ch thick 2.4\2 1.600 
'I'ho rh'eted pipes. of S4. 7S, and 72 '-=~~' ! ~ 

1M' (' ('-1 inchos In ditlllleter h,we longitndinal 1\84.0 2. n4 .015+ I 10.'.0 1.440 .103 , 1.36 l:d 
3IG,O I iseBIIlS douhle and triple riwtod. 'S 0 23- 0 ' 3.00 .QJ5- 110.;.0 '.440 .111 11.36' ,...
20;1: 0, !l=IOL6 : :\. 59 .Ol.~­ I J05.0 1.410 .144 '1,36 ZInpping JOlIlLS. 'I'he girth seams tlrc 72.0 


hutt JOinted with onts,de hntt str"I" (l0.0 bo3, 0 itl= 1.56 ,I ~. 2S .01I JM.tt .:m .457 .OS p;

'I'he welded pipe consists of 853 feN i 60.0 870.0 ! 5.17 .011 155.0 .2'21 .744 

ofOu-inch nOli S70fect of r.o-inch pip\'. 
 .OS ~ !the Intter Inclnding II Yentnri lII"I('r 1.550 
nenr the lower end. 'I'he girth 

156 II ('-2 joints of tho w('lded pipo nrO douhle· $.1.0 3,2S .015+ , HIS. 0 I.HO .IM 11.36 
rh'oled b\IIIIP Joints. 7s.0 :l.h1l .01&­ 110.1.0 '.440 .1OS I 1. ao3111.0~:g,"II!l=12n3 : t:::l72.0 4.47 ,015- I 105.0 '.440 .217 , 1.36 

8.';3. 0, h,= 2, 711 ,j 
~ 

66.0 5.32 .011 137. i .274 .857 .85 
60.0 6.43 .011 137.7 .274 1.303 .S5 ~ 

2.701 t;:j ,
i , 105.0 , 1.36 )li!l A 84 0 :::::11 j 3.04 .015+ '.440 .221 

I:" 
f'd1)-2 ! 237.0 4.57 .015- 1105.0, .242 '.440 .230 , 1.36 ....I 78.0 7'1 • 8.53.0' h,=4.34 6.38 .011 .307 I. 350 .95 ~72.0 200.0, q=151. 11 5.37 .015- 1105.0J .313 '.440 .3OS 11.36 

! 66.0 121;.4 I 1.348
60.0 7.72 .011 128.4 2,201 .307 2. 213 .95 Ul 

870.0 I 
j 4.328 4. 340 

I Coefficient tI~~umod In order to computo coemcient of olher typo pipe in compound line. 

~ 


http:q=151.11


TABLE 2.-Elements of CXIJeriments for the determination 6f local friction losses in compound 1Ji7JC$, wilh coefficic1lts of retardation in vari01ls ~ 
forumlas that 'will satisfy measured total loss of head-Continued ~ 

! CoefficIents of retardation alld locullosses 

~ Quantity, I 
d= I Total IQ, in cubic V= yo-I i Williams·Hazen I Scobey 

Pipel Experiment.er'l obser'l Exper· ar!ous engt IS second Bnd oe t)', In 1 K ~ \,. I I I fect per Ii' I I---:-~-I··---· ..·~~·---
NO.1 year, apd age of vation ime:l' Name and description of Ilipe 
 insIde for corrc· COrro- ut· 

diam. sponding lOtBII?ss of sponding, ter's n 	 sK.= Yiscos· cosityCv=pIpe rating n~:;;~er, 	 eters diameters •heall, hI, \' size pipe I (ap-
l.ocal loss ofLocal Im= Vis· 

ID feet, for proli. loss O[ity ne,g. head for eo,11Sid.WiI· 	 ~ bead for lected Il. as crodrcach tested mate) !lams· 
llazen 0", as , l'~:!. column I{.=11l.,o.1 to

column II=R'DI.l 13
11 	 c:l 

~__________I__I__I 1--1--1---1--1 1-­

-I 
 8 9 10 II 12 13 14 16 ~ 

'~'~~~_'_~I ~_I ._____. 	 I--I-I-~~1-'---1-1-­ ~ 

Pulp" I . ­
. Inch" Fcel ..cand I Fut Feet i:n

11.63 o151ll11LD, 1921,1 A C-41 TestC'wns mnde witb unit No.2 run· 84.0 316.0 f [4.55 10.015+ l1m.0 0.295 10.440 I 0.291 11.36: new. 	 ning f,()(l revolutions per minute; test 78.0 237.0 Q-I~4 9 5.27 1.015- l1m.0 .315 1.440 , .313 
D with the ~1I111e uuit ruuning 500 72.0 2OttO h =5'48 0.19 1.015- 1.\05.0 .400 1.440 .403 11.36 c:l 
re\'oiutions per minute, For runs fm.O 853,0 ,-. 7.30 ,012- 131.3 1.691 .293 1. 702 .91 
C-3 flnti 0-5 tbe totel loss of hend 00.0 870,0 8. 91 ,012- 131. 3 2. no; .293 2. nO ,OJ m 
was not mll:lsured.' ---, , 5.4795.488 

1 110;;.0 .379 '1.36 ~ 
A I ])-31................... •· ....... · •• •.....••..1 	 I 5.21 11. 015+ 1.440 I .376 


78.0 310.0 } 0.04 1.015- 1 105. 0 .408 1.440 .400 11.36~Ol 	 ~ ,~ -------------1 	 72.0 ~:g Q=200.3 7.09 1.015- 1105.0 • u23 '.440 .521 11.36 
853.0 , h,=7.52 8.43 ,012- 125.1 2.380 .315 2.365 ,OS66.0 

00.0 810.0 10.20 .012- 125.7 3,845 .315 3. Sb2 .OS o 
~ 

, 7.5207.535 

loll .~ ..............! A ('-iII ........................................1 	 5.82 1.015+, 1 105. 0 .466 1 .464 11.30 ~ 

1.015- 1105.0.f,()(l 1.4401.440 ,509 1 11.3078.0 310.0 I [ 0.75 	 ~SUI ~. g: Q=223.S 	 11.3672. 0 	 7.92 1.015- 1105.0 .039 1.440 .044i 

66.0 853: 0: h,=9.20 9.42 ,012- 125.1 2. n09 .3U5 2. SS9 .97 
00.0 	 870.0 I II.{O .012- 125.7 4. COS .3115i~ .91 ~ 

"'"ii:2i2 , 9.2011 	 ~ ---, 
11.36B ('-7 1.........................................1 	 O. 49 1 1,015+ 1105.0.560 1.440 I .570 I 


78.0 310.0 } 7,52 ' 1.015- lJO,'.0 .612 , 1.440 .614 11.30 ~ '" (----------	 SUI ~X· g. Q=249.7 I 1,440 
I

.791 11.3672.0 	 8, sa11. 015- 1105.0.787\
mto 853: 0 h,=11.70 10.51 .012- 122.0 3.736 .324 3,703 1.00 

1.0060.0 870.3 I 12.71 .012- 122. 0 6.012 .324 !~ 

. .... .... - ... _~ .:-.a .... _ .... ~- ~-~ ........ 
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, 
11. i10 11.700 ; 

'M /•••••••••• ,\ D-4 1.........................................1 84.0 	 0.52 ,.0IHI 1 Io.'i. 0 -•• 577 1.440 .575 11.36
316. 0 f j 	 /78.0 237.0 j 7.56 1.015-1 1.440 .621 , 1.36 , 10.1. 0 I . fiUI206. 0 Q=!!.50 9 ,72.0 , 	 s.ss '.015-; '105.0 .705 '.440 .800 '1.36&'>3.0. h,= 11.80 ;!66.0 • 	 .012-, 122. 3 3.745 .326 3.75310. 56 1, 	 60.0 : 8700 I 12. 77 
1.01 

.042- 122. 3 r. 12.5 .326 6.lll 1.01 
i ' 	 I I ,I I I i j 11.8.58 n.8r.o 

.~
156 !................! A C-8 ......................................... . S4. 0 . 7.13 I '.015- 1105.0~ '.440 •r.sa '1.36 t;;J316. 0 J I'78.0' 237.0 8.26 ' '.015-. I 10.1.0 .72.5 1.440 .734 '1.36 

'.015-	 '.440 .S91 11.36 J,j72. 0 200.0. ~:Z;4.~ r 0.40 , ]0.>' 0 l . SS6! 	 66.0 853.0, /-14.1 ( '1 ] 1. 54 I .012- ]21. 0 4.512 • :131 4. 516 1.03 t-< 
60.0 	 13.00 r .012- ]21. 0 7.352 .331 7.3.4 1.03I 	 8.0.0 j j

! 	 ~ 14.158 14. 168i 

15(l ,................ A ('-0 ••••••••••••••••••••••••••••••••••••••••• 84.0 
 m~ , 10.1. 0 I . 7111 1.440 .792 11.36 ':j 

237.0 _ 1 b' bt I!~.O i 
BIG. 0 f : 

I 

Og­ , 10.1.0, • &'i6 1.440 .867 11.36 	

o 

( •. 0 i 20(.to Q-200.0 ,1 10.58j· Og- , 10.'>. 0 I ].092 '.440 1. Jl6 11.36 
66,0 I R53.0 hl'=16.i4 12. 58 .042- 121. 0 .5.348 ,331 0.317 1.03 	 ~ I' 

60.0 870.0 15.22 . •042- 121. 0 8. (101 .331 8. 1i,'>3 1.03 
I 

10.7r.g 16.745 ~ i 

156 ,................ A D-,>; ......................................... 1.015-	
.... 


84.0 j' 	 1105.0 .803 440 .812 , 1.36 
316.0 7.810.00 I 	 Z78.0 237.0 f Q '.015- '105.0 .8n3 440 ,$76 11.362O(J.0 =300.'"72.0 10.63 '.015- 1 ]05.0 I. 110 440 1.126 11.36 	 ~ &0;;1.0 h,= 16.7008.0 I 	 ]2. n5 .012- 121.4 5. :140 32$ 5.323 1.02

60.0 8.0.01 11 ]5.30 .0\2- 121. 4 S. (j91 a2$ 8. 654 1.02 

In. 1;07 16.701 ~ 
156 ,A ('-10 -- .... - -,; ................... _-- ... --_ .......... ..... - ....- .. - .... .. 84.0 	 K26 '.01:'- 110.;.0 .801 '.440 •!lO9 11.36 tj


~ ~ 

78.0 310.0237.0 If '' 9. fll 1.015- 110;;.0 .002 '.440 .070 11.36 	 C/l.:lOIl.O Q=310.0.72.0 	 IJ.2S '.015- '105,0 1.238 '.440 1.261 , 1.36 
(I(lO S43.0 h,=18.05 1·1 13.43 .012- 120.8 0.048 .:1300 6. 010 1.02 	 ~ 
60.0 	 870.0 16.24 .012- 120.8 9.831 .3300 0,770 1.02 t;;J 

t"' 
18.970 IS. D47j I =1 

I Cnellic·ient IlSSlImed in order to romputo roefficleut o( other type pipe III compound lille. ~ l Sate thllt there lire '2 tn>cs of pipo.For this reason it is necessnry toassullle the coellfcicnt o( retnrdntion In 1 type and computo (or the other type. "\5 the influence o( tho C/lwelded pipe (ar oycrshadows that o( the rh'eted pipe. duo to greater lengths and Yclocities. tho retardation (arlors haye been assumed (or the riveted pipe alld the (actor (or the 
welded pipe computet! so tiUtt the romputOd totlliloss o( hend would nppro,illlate the ohseryed loss. Since nn e-"lenlied scries of tests were nil!. extending into high telocities. this 
series L~ considered hy the writer liS gh'ing better results on welded !'ipe with bump johns thnll the tests 011 Fit No. I penstock. im'olYillg shorter rClll'hes o( Inrgcr pille. (Sro pipe 
Nos.22S alld 2;10.) If the totnl (ridion loss. in (rot or heat! Is plottc, 011 lognrithmic paper oguillst flow III sceolld·feet then the resultillg straight·lille curyc closely npproxlllllltes the 
line as computet! by tho Kutter (ormula. using a \'IIluo o( n =0.0111 (or riveted pipe nnd 0.0112 (or welded pipe. From the tOtal Joss o( head (or ench run was deducted the \'eloelty
hend in the U()"llIch pipe, tho elltry Joss aud the loss through the Venturi metor. 

~ 
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TABLE 2.-E/cUlcnis of I'X11<'rilll(,llis for (he dc(crmillMion of 10('(11 friction loss~s in COml)Olmd pipes, with coefficients of retardation in t'tlrious ~ 
~ 

formulas that willlwlisfy JIlcawmi/o/aZlnsl) of hfUd,--COlltillU{d 

-, 	 ('oeOic!cnts o[ retardation and local losses 
! I! ! Quantity I 	 oI 	 IWilliams-TIazen ! Scobey 

t;5 
; 'r d:= ~ 'J'Qtnl ,Q, in cubic ~ ~ 
J\.ar!ous, l~uglhs f~~L ller I l :=\-l~ 	 ~ Pipe ElJl\'riml'uter, I Obsl'r- 1.'XIl<'r. 	 111!S1(1~ : [or l'orrt" 5~l'OU( nnd' IOCIL>-, in . -~-'--···I'·'----LOC8~=YIs' H

!'\ (', Yl"ar, a~lt18g(' ()C \ vnliotl : In!l'!l~ Xsme and descriptiou of pipe 1 dtalll- : spomling lOlnlloss of corr<'- • Kut­ o

pIpe j mting I,r s t CLers ,llillnl<'lCrS .hcau; hI, s1JOnd~I1g I lcr's n I.ocal K.= \'Iscos· loss of coslty :>­
,number ! III [,'ct, for, sIze PIlle i lnl': C = 1loss Of, ity ne,g". heall for conshl. t",n.\a~h t~stetr ! proxl· "~i1. head .cor , Iccted K. us orad , mate) IIams· C~ as f , ln~. column K,=YIIv•• I::d 

!lazeD COhlmu\, H= Ii..DI.l 13 1 d 
11 	 ___ .• 	 I ~--, ,- ------.--~ ---~ .-----.~----,-. 

j 	 10 II I~ 13 It u 
._~ ..... _.~ __~~ ____ >---. 	 I:___ •___.... :-___ '---j---l ~--,--- ~ 

: Put per I 	 .... 
Fed Fed enI Inch,sj Feet ~<cond 10.440 	 ~O84.0 3111.0 2.59 '10.015 I 105.0 I 0, 104 0.100 I 11.36 

looa lILl), 1921, A 13-1 is. 0 237. 0 Q -W S 3.01 I 1,015 1)05.0 .111 '.440 • lOS I 1.36 
-	 new. I 105.0 . • \43 1.440 .130 11.36 ~ 72.0 201l.0 "\ h =ry";'1 11 3.5311.015 120.0 i ••OS .355 .110 1.10

00.0 \' 8£3.0 f--·- 4.20 .Ol~ 	 .355 1.153 1.10 l]l
60.0 S, 0.0 I 5. OS .013 12o.01~ 

2. ~'OO 2.2lo 
~ 

156:1 _ (' B-2 I Pcnstork, Kern RI\'~r Xo. 3 power 	 I l(1.).0 I .20S '.440 203 ' 1.36 
I lOS. 0 ' .223 '.440 .218 ' 1.36 237.0, ' 3. i611.1.015015 

Californhl. A compound pipe pnrnl· i2.0 2OO.0! h=3a5 5.11 1.015
plant, Southern ('nllfornitl Edison ('0., 84.0is. 0 I 316.0 'I Q_ H4 5 'I 4.30 

1 10.:;.01 .28!\ 1.440 .280• 1 11.36 ~ 
1.008 .nluling Xo. 150 abo,c. This series of no. 0 &'3.0 : f-· j' O. OS • 011 1.000 .249 

1. C31 .249 I.MI .771 	runs mado for unit No. I running nt 00.0 870.0 1 i.3U .Oll Ut8 I ~ 
I 	 000 revolfttions per minute. All '""3.'3M 3.350 

other notes on No. 100 abovo npply 
1.440 .363 11.36 

1511n'" ... II U-3 :~IIIl~'~II~~I~~~ f,!Funs ~o::~~(~~tl~l~ 84.0 I 316,0 ,t 'I 5. 11 I" 015 1105.0 .;193 '.440 .391 11.36 ~is. 0 23i.O" Q-l00 0 5.93',015
units on the rl"cted pire result in 	 1105.0 • ,005 1.440 .502 11. 36I ""'T .'"72.0 200.0 IJ h -:- 19 6.95 '.015 .07 
uuits for tlte welded pipe. .312 3.6iS .97 
nbout the sume COlllPute( rotardlltion no. 0 853.0 /-1. S.27 .012 120.0 2. 278 .312 2. 252 

W. 0 8iO. 0 10. 01 • 012 120.0 3.080I ! 	 Ii.223 1.180 

II 	
11.36loonl_. _____________ .1 84.0 6.48 '.015 1105.0 .569 '.440 .569


A i.52 '.015 1105.0 .611 '.440 .614 11.36
"4 1 
78.0 237.0 Q200.0 =249.5 	 1.440 • i91 11.36316.011 8.83 1.015 I Hl.'.0 .78572. 0 
00.0 S~1. 0 h,= 11.84 10.50 .012 121.6 3.790 .3290 3.755 1.02 
W.O 8.0.0 12. iO .012 121.0 6.IW .3290 6.111 1.02 

i j1 

~ • a. .& .. ..... 	 .. ­
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J I_l~ 021 ' l..!1.S40 i 
156a ................ : .-1. S4.0!
D'5l 7. i1 1,.015 '105.0' .;00 I ',440 I .702, , 1.363111.0 II I

1 .8. 0 j 237.0' : 8. 94 ',015 1 lOS. 0.. • ~44 '.440 • S54' 11.36206.0' Q=296.5!72. 0 f· 10. 49 I ',015 I lOS. 0 • 1.&4 '.440 : 1:0081 '1.36I 00.0 j h.'i3.0. h,=16.48 i! 12. 4S I ,012 5. 272 1 .331 I 5.214 1.03121.0 I1-.0. 0 i ! 15.10 .012 121. 0, ~. 526 .331 1.03\ 8.520 iI 
1l6:5iil 116.478

i ~ i 
158 i FCS, 1017, 2 A .J St. Mary's crossing sIphon. ~r()UlUlln. ! :::1 &3•• 0 j} Q=IC2.3 l{ 5.00 I .013- 120.5) .716j .34J i .713 1.061 ye.'irS. 1 ]Uvcleol; mOlpose.1 1.432 feet of 00· " 00.0 i 2, 00)2. 0 h,= 1.001 4,351 .013+ 120.5. 1.253 ~ 

.341 ! 1.248 1.06I inch. lh"ll 1-37 fert of b4·!nch. then; ' 053 (eet of tlO-inrh. ] n ('()llIput<lI!OUS I ;. 1. 1160 I i ~ 1.001I Il()..!nrh sections cOllibined. 1 ! o'---=' I 84.0 I 53•• 0 I} Q=235.3 6.12! .013- 121.5, 1.029 .336 ' 1.034 1.04
? ") -I) . '!- ::ilt 00.0 j _.00_ 0 i hf-_.M _ 5.33, .013- 121.5; 1.618 .330 1. 80S 1.04l

I
I I oI 

~ 2. 847 1 
I 2. 842 I:j 

100 'll~~!. 1921,; D .I l,=
114.0 I 4. 941 .015+ 95.5 1- .443; .517 .441 1.60 ~ 
101i.O: 4~:g1} Q=3[.o.O II{ 5.50 .015+ \15.5. • 0!l9 ! .517 1.60• 0!l9102. 0 : 6.17 .015+ .51. .348 1.60I lll:gI .,=L, 95.5 I .340 I 

1 00.0 I 6. 00 I .015+ 05.5:1 • i07 .517 .712 1.60 ~ 
I ~ ' 1. 50s I 1.600 Q160 D 114.0, ~. OSI • 015+' .526 .4tl7 1.63

4S8.0 i} I{ 94.04.9!9 I--:4ii91)08.0 I 84. 0' Q=358.0 5.63 .015+ ,l!JoJ .5~l • lOS 1.63 ~ 
]02.0 .... 

u<'" n",,', """" ,t,,,,"_ "om I 324.0 I h!=J.'O 6.31' .015+ 04. II I .3il .526 .:170 1. (13
06.0 340.0 94.9 ••52 .526 I. (13Hiver No.3 conduit, Southern ('oli· 7.12 i .OIH •i57 ~ 

(oruitl Ellison Co. COlJlposed Q( 7 
rCllrhcs with 0 tapers hetween. ,! -1.698 I I,fill{) ~ 160 :•.•••" ....... . D 
 He.whcs Of sallle size ('om bined (or t;;

114.0 ' (·omputntions. NQ correction (or 5.19; .01H 04. 2 1='. ·105 '1 .528 .495 1.64 
108.0 84: 00 Q=3()S.0 II 94.2, .]]0 .528 1.64"SIJC('inl" loss at tnpers. Shllrp 488 I} '{ 5.781 .015+ • IJO 

curve tit bOllom o( sag in sipbon pipe. 102.0 ! 324.0 ht= 1.80 6.49 .015+ 94.2 i ,302 .528 .302 1.64 
{)fl. 0 340.0 7.32 .015+ 94.2! .804 .528 .801 1. 64I ~ 


t'1.801 1. 70s
D...( ....... ::g

114.0 488.0 5.631 .015+ 94.2 1 .570 .528 .577 1.64 
108.0 84.0 Q=3!l9.0 I{ 6.27 .015+ .528 .130 1.6494.21 .129102.0 324. 0 } 7.03 .015+ 94. 2 .458 ••;28 .458 1. ()4 ~ 

h/=2.10 I '(JJ06.0 340.0 7.94 .015+ 94.2~ .528 .635 I.l4 

I 2. 100 , 2.100 

, Coefficient ussumcilln order to colliPute coefficient (or other type pipe III compound line. 


~ 


.., 
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'l'-~BLE 2.-Elelllents of experiments for the determinatio/! of local friction losses in compouml pipes, 1t>ith coefficients of retardation in various It 
formulas that uillsatisfy measured total loss of head-Continued 

1 1 CoeillcicDIS of retardation and Jocallosses1'-1-' I , I Quantity. ---1-------·..,·-------- ~ 
Sc'Obeyd= Total Q. in cubic V=Ye- • Williams-HazenIExpcr­ Various lengths fl>etJJCr loelty. in 

r:foe; year, a!l(1 age of \"atlon huen­ Name and description of pipe inside I for corre- secon and corre- Kut­ ~p' IExperimenter.l' Obser­
ter's diam- ,S\lOndiug totall?ss of sl"1uding ter's n "1 PIpe rnting uumber' (ap­ Local K =Yiscos- loss of cosilyLocal 1m=VIs­e!ers idlameters head. hI. SIze pipe c~=

iu feet. for IJoss Of ity ncg- hend for consid- ~proxi­ Wil­
reach tested mBte) liams­ head fo IcctcI! K. as erml

1 
Hazeu 0" as _~ columu K.=tn"".1column II=E.DI .I 13 

I 
I 11 1 

__i . I--I--I--I-~I 1-- ~ 
I 8 t 10 I 111 1% 

'---I 1--1--1-.--1---: ~ 
Fed pa- ... 

CJ1Incht. FeelRetl ucond·1:L_~~_~_~___~I-D1=11 I 
114.0 91.6 0.721 9

488. 0 } 6.151 0.016+/1~.0 M.O Q=430.0! 6.8~ .016 91.6 .161l' J(12. 0 91.6 .567 ~324.0 I hf=2.00 \7,68 ,016+ 
96.0 340.0 8. 68 .016+ 91.6 1.159 

!1J 
2.608 


160 L ______________ I ~ 
D 48 90.9 .800.016-16. .016­
, Little Drush Creek siphon. Kern 102.0 ~~g hr=2.00 8.09 .016- 00.9 63" ~I 1~.0 84.0 Q=459.0 7.21 1 90. 9 .179I-..----.Il 11 114.0 I 488.0 I} I{ 

9.13 .016- 00.9 1.289, ro~r! ~dis~:'c~~~o~~~~:~ Cali- 00. 0 ~ 2.900 
,160 , _________ "" _____1 D I--------d IIll4.01~.0 1 48 1.

016 00.1 .815 
7.21 .016 00.1 .1814~:g I} Q=459.0 I{ 6. 

102.0 324.0 hr=2.95 8. 09 .016 00.1 .642 ~ 
96.0 340.0 9.13 .016 90.1 1.309 

2.947 
i-j I 



B 
88.9 r .938 .584 .932 1.81160 t--------------­ · ..... -- .. --l 114.0 

488.0 r I{' t~! :g:~ SS.9\ .209 .584 .210 1.81I()S,O 84.0 Q~4SS.0I 324. 0 i hl=3.40 ! 8. 60 .016 88.9 j .743 .584 .740 1.8110'.!. 0 

0> 
06.0 340.0 9.711 .016 88.9, 1.510 .584 1.514 1.81 

t,,;)
~ I l~ 3.300
::; 160 j ________I1 1=

0 r--- ------- 114.0 7.24 .016- 90.51 1.015 1.721()s'0 &1. 0: Q=513.0 8.06 .016­[ 488.0 "} 90.51 .221 1. 72r . B 

I{ 
~

102. 0 324.0! hl=3.60 9.04 .016- 90.5 .784 1.7'l06.0 10. 21 .016- 90. 5' 1.584 1.72' 1r3.6Oi160 _______________ _ 
B 114.0 

~
7.34 .016- SS. 9 I' 1. 056 ' .578 1.046 1.78::l}108.0 84.0' Q=520.0 8. 17 .016- &19 .234 .578 .234 1.78 ~H12.0 9.le .016­ .578 .826 1. 7800.0 :'1:& i .,-"0 10.35 SS'9~82S1 .578 1.692 1.78 o.016-1' 88.9 ~',' "9 

160 I1.______________ _ ---,3.804 I 3. 70s
B 114.0 7.45 .016-, 90.3 1.049 ~.562 1.045 1.72lOS. 0 84.0 Q=528.0 8. 30 .016-1488. 0 I} I{ 9O.:! .235 .562 .234 1.72Little Brush Creek siphon. Kern 102.0 324.0 h 1=3.80 Rh'er No.3 conduit... Southern Cali­ 00.0 340.0 

9.31 .016- 90.3 .829 .562 .828 1. 72 ~
10.51 .016- 90.3 1.687 .562 1.693 ~fornia Edison Co.-vontinued. 1.7'l 

3.800 3.800 

i
z160 •_______________ _ 

B 114.0 7.59 .016+ 
=1----.. --: IOS.O 4&'\.084.0 I} 87.1 11.160 .600 1.156 1.868.46Q=ll,18.0 If .016+ 87. I .259 .600 .259 1.86102. 0 324.0 9. 48 .016+ 87. I .016 .600 .917I .,-,~ I 1.8606.0 340.0 10.70 .016+ 87.1 1.870 .600 1.871 1.86I 
4.20.5 4.203160 ,_______________ _ 

B :-=
114.0 4&'\.0 i.67 .016+
lOS. 0 84.0 86.011.210 .615 1.209 1.90 
102.0 

Q=544.0 i{ 8.55 .016+ S6.0 .273 .615 .272 1.90 ~324.0 hl=4.40 ~ 9.59 .016T' 86.0 .001 .615 .959 1.9006.0 340.0 10.82 .016+ 86.0 1.958 .615 1.957 1.90 
tr:J 

160 ,_______________ _ 4.402 4.397
B = :s

t" 

114.0 .016t .621 1.267 1.92lOS. 0 4SS.084.0 I} '{ 7.82 85.611.266 ~Q=5M.O 8.71 .016 85.6 .286 .621 .284 1.02102. 0 324.0 hl=4.60 , 9.76 fl.;. 6 til
.016t 1. OIlS .021 1.001 1.9200.0 340.0 1l.C2 .016 85.6 2. 040 .621 2. 047 1.92 

4.600 4.599 

~ 



- --

CJ1 
TABLE 2.-Elemellls of experiments for the determination oJ local friction losses in compound 1J1~peS, tcith coefficients oj retardation in various o 

formulas that tl'ill satisfy measured total. 108s of head-Continued 

. 	 r"-\I~~- 'I Coelllcients of retardation and local losses 
~ 
CScoooy 

j d= Total <l, in cubic l'=Ve­
locity,ln ~ 

'\ 	 \QUUili~ Williams-Hazen 

Ollger-lJ]: Iper-	 \".Brlous~ lengths \. feet ller 
Kut­corre­Pipe' Experim~ntcr yntion ! line!I' I: Name and description of pille i!!slde ; for carre- ~~~~rl0~~ ter's n Local K -V' Local !1n=vls-No. year, lind agnof 	 sponding loss of ! - 15005- loss of OO5ity 

pipe rating Inu~Ger: 	 dUlln· I spondlng, head; hI, size pipe (ap­ c~= 
\ 	 cters I,dlameters in feet, for proxi­ Wil­ hood for I~~t~f h~<1 for consid- ~ 

mate) liams­ C~ as VI I R. as orad 
1 l:dj 	 t' . reach tcstcd lIazen column II=K-'- column K.=rn...·I 11 	 ·DI.I 13 

: _,__I 	 __'___.1---- ___._1-'-- -----1 E16 

_l_j___~__.__3_1 • 1 	 : • L~~__"_1 13 ___ 

15 

~ ',___ 	 ! 

.... 
Fed enI I 	 I I PUIPer\,I 	 Inch,,: Put urond Fut 0.613 1. 319 1.00 ~o 

160 :. ______.. ___ .••• B .... _..:, 1 114.0 Ii 488.0} " {8.04 0.010+ 85.0 1.32; .613 .206 1.90 , I 	 I lOS. 0 84.0 Q=5.0.0 8.06\, GJ6+ 85,9 .206 1.00.613 1.046102.0 I 324.0 ht=4.80 10.05 .010+ 85.9 I.OS.1 	 ~ .613 2. 134 1.90I 	 96.0 I 340.0 11.34 .016+ 85.9 2.125 !»
4. SOl i 4.7115 

\ 	 - ­ 1. 80 

n 488.0 '} 9.15 .016 86.0 .302 1.868.21 .016 80.0 1.358 .(102 348 ~ 
.602 1..303 1

160 __ ........ " ... __ .. Little Brush Creek siphon. Kern!{ 114. g 84.0' Q=582.0 

SO. 0 1. 005 .602 1.008 1.86 ~ Hlycr No.3 conduit, Southern Cali- I :~. 0 324.0 I ht=4.00 10.26 .0\0 	 1.86.010 86.6 2. 176 • (102 2.182

fonlla Edison Co.-Continued. I 06: 0 340.0 11.58 o 
4.901 	 I 4.901 "!I 

.623 477 1,93 >
8.40 .010+ 85.1 1.466

114.0 488.0 :} 	 .330 .623 1.. :132 1 1.9.1 
1(10 ,~ .... - 11 	 lOS. 0 84.01 Q=OOO.O 9.43 .010+ 85.1 

1.931.245 	 .023 1.168 
102.0 324.0 I ht=5.30 10. 57 .010+ 85.1 	 1.93 ~ 

85.1 2.320 .623 2. 391 ,1l.94 .010+00.0 340.0 \ 
5.3685.301 

, =; I 
~ 

~ .. ... 6_ ......'" 



It)2 AK,IO~, new. 

I 
C 

B ~ 

B 

'•••••••_I 
'I 

Continuous. interior 81,>e. Gordon, 
Valley pipe, Yallclo, a ii, Eleetric­
welded; longitudinal seam" hUl!­
welded; girth seams band lapwelded; 
cyUnder Joints; line sinuolls; singk4 

angie ioints not to exceed 10·; line o( 
79,755 (oot 24·inch and 35,~'OO (oot 22. 
Inch pipe; IIUantity measured by 
\'enturi meter; loss of head by ,Bour. 
don type pressure gauge, reading to 
nearest pound only. 

24.0 
2'J. 0 

24.0 
2'1.0 

24.0 
22.0 

.9, ;5.~. O} Q-M2 (
35, 260. 0 hr-58.:!: , 

j, 
70,755. 0 } Q-6.l9 {
35 200. 0 h,=67d: 1 

I 
{ 

i 
79,755.0 } Q=6.98 If 
35,260.0 hr=85.:I: l 

1.73 
2.05 

1.97 
2. 34 

2.22 
2.64 

.Oll+ 

.Oll+ 

,Oll­
,011­

.011­

.011­

132. 6 
132. 6 

130,7 
139.7 

138.5 
138. 5 

34... I~.90 

ss. 67 

40.44 
27.10 

~ 
~ 
34.38 --­

.329 

.329 

.206 

.2\l6 

.2\l6 

.2\l6 

34.09 
~,27 

157,00 

~ 
26.94 

~ 
I ,

50.88 
34.20 --­

1.1 
1.1 

.~2 .~ 

.9 

.0 s 
i B 24.0 j9, it')~. 0 } Q=7.i4 r 2.46 .Oll­

22.0 35,260.0 hr=I04.:I: l 2.93 .Oll-

B 24.0 79,755. 0 } ~=S.35 '{ 2.00 .011-,
22.0 35, 260.0 hr=U6.:l:j 3.16 .011-1 

'1641 FCS,1920,new. A • __.....1 Girth rh'eted pipe. East Bay lllunic. 63.0 23,004.0 4.109 .012+Ipalutility district, California. Pipe 61.0 31,835.5 4.385 .012+practically straight, across le\'ol tloor 2-54.0 998.7 2. 798 .012+I o( San Joaquin Valley. l'ipe welded 61.0 16,137,6 ' 4.385 .012+on straight seams but riveted on 63.0 27,950.3 Q=88.07 4.109 .012+field sellms. Note that double pil>es flO. 0 6,663.5 hr=IOI.OO 3.862 .012+I are used on 3 rh'or crossings. Lnst 2-54.0 091.6 2.798 .012+reach o(6,'i-fnch pipe welded all 5%015. 65.0 7,420.7 3.862 .012+Soo No. 227. 2-54. 0 945,8 2.7IJI! .012+
63.0 16,427. 3 4.109 .012,.
65.0 780.0 3.862 .012+I --­. 

133,815.0 

• These tests were made nfter bulletin had boon submitted (or publication. Description will be round in Appendix 2, p. 127. 

137.9 
137.9 

141.4 
141.4 

129.4 
120.4 
129.4 
120.4 
120.4 
129.4 
120.4 
1~'9. 4 
120.4 
120.4 
120.4 

85.26 === 62. 20 
41.00 --­

104. 25 

=oo.ss= 
46. 19 --­

115.74 
= 
17.40 
27.31 

.42 
13.85 
20.57 
4.21 
.43 

4.00 
.41 

12.07 
.50 --­

101.86 

.301 

.301 

.288 

.288 

.309 

.309 

.309 

.309 

.309 

.309 

.309 

.309 

.309 

.309 

.309 

85.08 
= 62. 05 
41.00-104.0\ 

f6&67= 
46.19 

'm:s6 
17.35 
27.40 

.42 
13.84 
20.40 
4.I8 
.42 

4.65 
.30 

I2. 05 
.49 --­

101.68 

.9: 

.9: 

.81 

.81 

•II! 
.91 
.Il! 
.Il! 
• II.! 
.!lli 
.!lli 
.98 
.98 
.98 
.98 

~ 
o 
~ 

.~ 

~ 
~ .... z 

I
t::j 

~ 
tzJ 
t' 

::s 
~ 
t1l 

CJ1 
I-' 



Cit 
T_-I.BLE 3.-Elements of experiments for the determination of friction losses in sheet-metal and plate-metal. pipeS, with retard<ltion coefficients t:..:;l 

in various formulas 

DREDGE PIPES 

~ 
Coefficients oC retardation 

Scobey ~ 
Q= V=M!l8n H=Loss oC Tcmpc.-a- • ~ 

Obser· d=In- .. Quan- velOCity head per turc oC c~= If..=PiPe! Experimenter, vation side dl- Name and descrlption oC pipe tity per per scc- 1 000 Ccot water C= WiI- n= f= Weis- YISCOS-I m=Yis-No. i year, a'.ld age rating ameter second ond' Chazy liams- Kutter bach Ity neg- cosilyOCPlpe Hazen lected consld-
I1= ered II. .VI., K._m.O,l 

~ 
..... 

10 ~6 ._ ~ 5 1-! 7 ,-8 1_'1_\ 11 I 12 13 I_it-~ o 

1 I b.cht& Ou.feet Feet Feet I 0 C. 107.0 112.1 O.OIlO 0.023 0.434 LM ~ 
402 j IEH,1010,new.1 A 15.0 AlTaylorsville, Ohio. pipecomposeg 6.02 13.4 108.3 113.6 .0114 .022 .425 tilL~ 

A oC 74 lengths oC riveted soCt steel and 7.01 13.4 .021 .419 LM109.7 113.8 .0113 
A 56 lengths oC welded hard stool; tests 8.04 17.2 .021 .418 L29109.8 114.0 .0113 ~ 
A conducted with clear water only; loss 8.10 17.4 .021 .423 LU109.7 113.0 .0113 t;!
A oChea<! by calibrated pressure gauges; 8.80 20.6 .412 L28111.2 114.7 .0112 .021 
A velocities by color-velocity and salt- 8.88 20.4 .0113 .022 .428 L33109.3 ll2.1 ~ A velocity methods; potl\SSium perman- 0.33 23.3 100.2 108.3 .0116 _023 .456 La 
B ganate usod for color; pipe units 16 0.68 28.0 .022 .437 L33108.6 110.8 .0114 

L~ 
o 

A Ceet long, stovepipe joints; no appar- 0.88 26.5 .0108 .019 .380 "il116.4 119.3
B ent reason Cor great dilIerenoo in 9.93 23.3 L22114.7 116.6 .0109 .020 .395 
A capacity when compared with No. 10.9 28.9 .020 .399 L~114.1 116.0 .0109
A 404 below. 10.9 29.2 .429 L33110.3 111.5 .0112 .021
B 11.3 33.6 .387 L20116.4A n.8 32.9 117.7 .0108 .019 ~ 

.019 .387 L20116.8 117.5 .0107 o 
B 12.7 36.7 L29 
A 12. 7 37.8 LM118.6 110.4 .0106 .018 .376 

.020 .416113.0 112.0 .OUOB 13.4 45.0 
U5.5 115.4 .0108 ,019 ,399 L~ 

A. 13.7 45.0 I 

http:appar-0.88
http:perman-0.33
http:salt-8.88


----------

404 I lEI!, 1919. new I 	B IS.0 At Tn"lonwilJe dnm. Ohio. Pipe rom· 7. ,0 i 11.61··..·.... 134.9 I .0100 i .307 I 512,.91 .016/ 
C nnt! ,6 jOints oCri\'eted soft stL'eI; tests 16.5 ....__ .... 121.5 126. 6 [ .0I04! .Oli .343 I. 00lI ,' B with elellr waler only; metllulls same UII 15.7,.......... 127.7 I 133.0 .0100 I .016 .313 j q 

B posed oC S joints oC welded hard stool 1.66 r lI.a .......... 12ll. 9 1:16. 1 1 • OO\l'J .016 .301 I 


C as for No. 402 above; no apparent 9.94 21.4 ; ......... 121.6 ' 125.1 I .0104 1 .017 I .349 I 8 
B reason Cor great dilTerence in capneit)' 10.2 20.9 I.......... 126.2 130.0 .0101 .016 ' .324 I 1. 00 
D when compnred with No. 402 above; n.1 I 24.4 I.......... ' 127.1 130.1' .0100 .016 .:122 J 1. 00 
n predominance of rit'eted pipe on 1\'0. 10.9 • 24.4 l-----..... ! 124. S 127.8 I .0102 .016 1. 04 
D 404 should yield capacity inCerior to 11.4 I 26. 1 ...........: 126,2 12$.9. .0101 .016 1. a 
D that of pipe with mOre welded lengths 12.0 r 30.5 !.........., 129,1 131.0 ' .{)()(19 .015 s 
D like No. 402 a1;>oYe. I 36.0 _____.....1 12$.2 129.2 .0100 .016 .323 1. 0013.6 ~I ~ 0 	 13.4 36.7 ( ....... .1 125.1 126.0 . 0101 .016 .339 1 • 5 

B 41.0 •____ • __.. 130.7 131.1 .009S .015 .314 7 
D 14. 5 I 128.4 .0100 .016 1. 1 t:s14.8 41.0 ....___... 12$.1 
B 15.8 46.1 1. __.______ 131.6 131. 4 .0098 .015 :ml "/ o44. 9 •____• ____B 15.4 I 130.0 129.\) .0098 .015 .319 I! :;:

406 lEn. IllIg, new D 15.0 At Englewood dam. Ohio. Reach 8.3 30.9 j..._____.. 84.5 85. {" .0139 .036 .709 2. 20 
D shorwr than Nos. 402 and 4C>4; com- o9,4 3O.\) ___•__•• __ 95.7 97.0 .0]26 .028 • 5C,o I . H 
D posed of 20 lengths riveled soft steel 16.0 115.5 113.9 .0108 .019 .405 l. 26 '>j 
D nnd 26 lengths welded hard steel and 17.3 114.7 !l2.4 .0109 .020 • 414 I . 28 
D 60 feet ofstandard wTought·iron pipe; 17.4 115.4 113.0 .0108 .019 •410 1 . r. ~II:::::::::72. S ~ ____ "____D tests confirm No. 402 rather than No. 17.6 	 1l0. i li4.3 .010S •010 .40\ 1 . ~ ~ 72. S _____. ___
D 404. 	 J7.8 118.0 Jl5.7 .0106 .018 .392 1- t72.8 __________D 18.5 122.6 120.2 .0103 .017 ,364 1. 3 ~ 
B 72.81----·----- ~19.0 	 120.0 123.4 .0101 .016 . 347 1 . 08 

408 	 FBM. 1902____ B 32.25 Dredge Epsilon on Mississippi River. 20.1 38.6 •_____ .• __ 124.8 Jl3.6 .0116 . 017 .383 1 . 9 

n Pipe lengths joined by rubber hose; 20.9 129.8 U8.1 .0112 .015 .355 1. o 


I 
~ .B loss of head hy mercury manometers; 21.1 ~ ~ 1::=::==::= 131.0 U9.2 .Oll! .015 . 349 1 • 8 

B velOCities by Pitot tube. 21.4 39.8 ---------- 130.9 118.9 .Olll . 015 .350 1 . 08 
n 22.4 43.5 131.0 !l8.7 .0111 . 015 .351 1 . 00 

410 FBM. 1902____ C 31.88 Dredge Kappa; ball·and·socket joints. 21.77 45.5 ------ ... _-- 125.2 113.4 •0115 .016 .382 I . 8 

(See No. 408.) 


412 FBM. 1902____ 13 32.0 Dredge Find; hall·and·socket joints. 17.0 38.2 ---------- 106.5 97.1 .0132, .023 .516 1. 00 

(See No. 408.) 


414 FBM.lOOL_. A 32.0 Dredge Zeta; joints and apparatus like 14.2 26.5 - ... _---'---- 106.h 98. 8 .0132 .023 .504 1. M 

A No. 408. 15.0 30.6 .... _--- ... _-- 105.0 06.6 .0134 .02'J .525 1. ro 

A 	 16.2 34.1 ------ ... _-- 107.4 98.3 .0131 .022 .505 1. M 
A 	 16.3 36.6 ------ ... _-- 104.3 95.2 .0135 .024 .536 1. M 
A 	 167 370 - ... ---- ... _-- 106.3 97.0 .0132 .023 .517 1. 60 ~ 

416 FDM.l00L__ 	 B 32. 69 Dredge Iota; joints and apparatus like 17.1 29.0 ------... -_ .. 120.5 HO.6 .0120 .018 .405 1. 20 t'I 
n No. 408. 	 18.3 34.3 - .. ----....-- 119. "/ 100.3 .0120 .018 .412 1. 28 t1;jD 18.6 35. 9 - ......_----. 119.0 108.4 .0121 .018 .418 1. 30 

418 FBM.l002____ A 33.25 Drcdgo Beta; Joints and Bpparatus ;lke 17.9 35.8 - ....--- ....-- !l3. "/ 103.3 0.0126 .020 .457 1. 2 
~ A No. 40S abOve. 19.3 40.0 - ... -----. .. -- 115.9 104.9 .0124 .019 .443 1. T ~ 

- ..--------A 20.8 45.2 117.5 105.9 .0122 • OIl! .434 1. M t1l 
A 21.3 47.9 - ..... ---- .. -- 117.0 105.1 .0123 .019 .440 I. 6 
A 	 21.6 51.4 - ..... ----..-- 114.5 102.8 .0125 .020 .460 1. 2 

420 FDM,IIlO2...__ 	 A 34.0 Dredge Gamma. (See No. 408.) Same 13.7 23.4 -- ..----- .. - 106.4 98.1 .0134 .023 .500 1. ~ 


B connections; drop In pressure un!- 14.4 26.4 -- ..------- 105.3 96.6 .0135 .023 .523 I. ~ 


A form throughout pipe. 15.3 28.3 ---------- 108.1 98.9 .0132 .022 .499 1. M 

15.9 30.2 108.7 99.2 .0131 .022 .495 1. ro 

422 	 FBM, 1902____ D 34.25 Dredge Delta; Joints sud apparatus like 16.7 29.8 -- ..------- 114.1 IO!.O .0126 .020 .452 1. 40 CJ1 
___No. 408-,--- _______ 

A 	 ---------­

0.:1 



TABLE 3.-Elements oj experiments Jor the determination oj Jriction losses in sheet-metal and plate-metal pipes, with retardation coefficients i:lt 
in ttarious Jormulab~CoIltinued ~ 

SPIRAL lUVETED PIPE 

Coefficients of retardation C'l 

Scobey 	 mI 	
~ 

P' I Experimenter, 1Obscr· d=IIl' 	 Q= ITT=:r.~eanIII=LOssofITempera.
N~ year, and age 1Yation sidedi· N awe and description of pipe Ouan· velOCity head per ture of ~ 

. of pipe rating ametcr a= WH· n= !=\\'els· Visco.~· m..VIs­1 	
Hiy per per se~~ 1,000 feet water a~= I I Ie.= 
second nntl 	 b:t 

Chezy liaw;;, Rutter bach ity neg'l cosity
llaz(l'd lected cotlsid-

II= ered 
K 1'1.9 IC,=1II_0•1t 	 ~ 

I 'D'" 

-1r ---3-' ---- 1 ,-- ~ 
5 	 9 10 II 12 13 11 15 .... 

01-: 	 1--1--1--,--,--_.1--1--. ~ 
I Inches a'll.!«! Fee! liee! 0 a, 	 q

502 j S&G,1004new. D 4.084 Experimental line at Cornell Univcr- 1.89 4.2 . 4 100.0 130.1 0.0094 0.026 0.383 LU 

t D Slty, New York. 4 2().foot lengths of 2.20 5.6 3 100.8 129.7 ,0093 .025 .382 I.U

I D llSphalt·coated pipe, lIanga·jointed; 2. 73 8.2 4 103.4 131.0 .0092 .024 .372 LO lJl 


D 	 water running with the laps; loss of 3.35 12. 2 3 104.0 129.7 .0091 .024 .375 1.0 

I 	
t::!D 	 head by differential water columns; 4.04 16.9 4 106.0 131. 2 .0090 .023 .3M 1.00 t:;J

D 	 quantity measured in calibrated 4.44 20.3 3 100.9 130.6 .0090 .023 .3Ufi 1.00 t-dD basin; series made in fall of 19m, 4. 56 21.3 3 107.2 130.0 .0089 .022 .3M 1.00 
I D although results are vcr)' consistent 4. UO 24.2 4 lOS. 0 131.0 .0089 .022 .361 1.08 !"3 
, D this series giveu but a D rating be- 5.48 29.8 3 lOS. 9 131.0 .0088 .022 .360 LOS 
1 B cause of thl! short length of line. 5.86 33.4 4 110.0 l3i.7 .0088 .021 .354 L06 o 

l;g 
j 13 	 6.06 35.. 3 110.0 131.4 .0088 .021 .355 1.06 

B 0.40 39.2 4 lIO.9 131.9 .0087 .021 .352 L06 

D 6.77 44.0 3 lIO.7 131.1 .0087 .021 .355 1.06 ~ 

B 7.45 52. 2 3 111.8 131.5 .0087 .021 .351 L~ 


D 7.83 56.0 4 112.0 132. 0 .0086 .020 .348 1.~ 


I 
~ 

5().j I S&G, 1905 o 4. 084 Same pipe, 1 year later; water running 1.530 2.86 8 98.1 139.6 .0094 .027 .390 I.W 
year. 	 D witli the laps; same apparatus as 2. 170 5. 52 8 100.2 128.9 .0094 .026 .387 LV 

D listed above; result:s show a very 2. 408 6.74 8 100.6 128.4 .0093 .025 .388 I.W 
D slight depreciation iu capacity; line 2. 540 7.51 8 100.5 127.8 .0094 .025 .391 i I.W 

http:Univcr-1.89


n had h('{'n drnin\'d in wint,'r of 1\1(}1 {o;;; , 3.027 f to. 27 I 5 102.4 J 128. 6n th~ Oat·h,'utl rinls 'In,l thin shdl 3.(11:1 ' III 27 .009~ t ,025 .383 J 1.16
I2'J.4D smoothl,tl "IT I>\" II-'l'hatt l'tl.ll gh," a.GUl i S 1();!.lI' .(109_ i .0'24 .378 1.14H.tiii 8 HH.6 129.4 .OOJI .n gOOO Sl1rnk't.~; s(lrit>$ nltl1U u.."o\ D gnllil­ 4.31;2 2QOd 

.024 .373 1.138 105.11 125.9 .00'.)01n h~l'Ul~l· of ~ort l'1..~.al·h, .023 .374 1.13 n 4.9.10 , 25.2 8 lCk1. Ii j 129.0 .00'.)01 .023 .372 1.135.210 : 27.S 
n 1~". 9 .022 .~69 1.12 
n 8 107.2 i 12\1.3 ,00:\9 ; .022 .369 1.125.(,14 ;12.3 S 107.5 j

n.lli ; :37.}\ .00SIl/ 
.369 1.12n S I 107·°1 125.6 .OOSO .02'2n. 3~t; 40.2n 125.8 .OOSO .02'2 .368 I.ll n l1.m~i 43. , 125. -I .OOS8, .022 .309 1.12~! {l[!j' 

I.ll
fi.Hii,\ , 40.9 

50d : f~l.t,n~ 1005, I,Oati: 49.2 , 8 i Ill,. 8 128.3 OOSS ' an S,' 10\1,0 125. i .OOS8 i .022 .367 
n 4.0.'-1 Sam!' llip~ as Xo. ;;112. 1("1",1 in (allllf 2.31~ , 0.62. t 

.022 .309 1.12 . ),par. n ~ 07. i 12·1.8 ().). >::j1005; only diIT~rNIl'" (rollt ;":0. [>\H 2.7;'7 0.5;- :OO9b I' .409 1.2400.7 121.7n Hbon~ W1l..;;; that Wnlt'r fiuwrd ~!-!niusi 3.370 13.5, 
.000lIl :028 .425 1.29 l:" 

I 
n \II., laps. 'I'h., small r,',luI·t!on in 09.2 123.2 0094 1 .026 .412 1.25 o3. mil 1;1.83 ,102.3 t l:!tl.On {'npnelty is 1I'0rl h ('ollsi,ll'ring wbcn .025 .389 1.184. 1iii IS. ,I ~ 126.5n nhl1\$il'e mall'rinl in the wnWr liil'- 1.174,I3S IS, hfO :~~)n 126.6 .0092f tab'S th(, SBIl1(1 r(lYt~rsfll of lapping jn ; .1. ]7fi }g:;J /' :~~-11- :~~J 1.17 o20.4·1 101.0n ' Itlllcr Joint phue pip~; gh'NI B rating 123. i .0093 .020 .413 1.2.'j bj 
n 5.027 27.S I~ 10;3.·' 124. 'i 0092 .02·\ .395i b~Cl\U~ of short rt.'Udl; ll"mp(,nltUl'(> 1.205.S31 35.\l f 105.6 126.1 .00'.)0n I (b O C.J nssumed same ns ahol·c. 5~ Oij" 3l;.1 ' 105.0 

.022 .384 1,10 ~ n 12..1.1 .OO'JI .023 I .a80 1.18 n O.h13 48.8 105. S 124.8 .OO'N 8.023 I .389 1.187.097 02.4II - -~ ~,.. .. ~ ... : 100.3 125.1 .0000 .023 , .386 1.17 t;j
7.3GO 55.5..I,.n..,....... C 5. 962! Expl'riIJIl'ntal piM; comains 2 !lId 2Q. 107.2 J25.7 .OOSO -0022 : 382 1.16 ~ 1. fJJ 1.97 102.4 130.7 .009'J~ j f.lot joiuts; apparatus sUllie as for No. 0"0 .025 ,374 1.11r C 5.1;1 10-~. H 132. 7 .0096 .022 .355 1.05I 502 abon'; II'nt~r lJ,n.-ing with lap. 3:&i 6.2 

"-'-'--n zC 109. 3 133. ~I .0005 .022 .349 1.055.91 21.0 4 115.0 134.5 .0091 
510 t S.toG, 1905 __ . __! 0.64 25.0 4 Hi.2 ~c .OW .333 1.00 n 5~9G2 ; Snm(' pil)e in e\~l'r\' wav ns No. 512 134.0 .00.)0 .01\) .3~j .002.00 4.5n 8 1l0.! 130.0 .009{ .021 .340hl'low.. Rf'ril'!{ with "'nt~r flowing 3.·16 ' ,,( 1.00 ~ 8 112.0 135 • .f .0093n j with th"iups. .021 .338 1.02 

I 
a.ul 8.4 S m.9 

II 4.25 11.4 S 113.0 1~4. 5 .(01)3 .02\) .330 1.02 
~ 

D 8 115.0 135. -I i .00!l! •H20 .:132 1.01 

n 134 8 • 00!13 .021 .338 1.02 
4.00 15.0 t1 
5.00 IS.3 


! 5.99
II 8 115. Ii 134.8 ' .0091 .019 .3:12 rJl 
D 21.1 8 117.1 136.0 .0090 

1.GJ 
.019 .320 .9'J

M2 I S&O, 11l05, n 5.1l43 O.M 24.0 8 117.7 135.8 .0000 .019 .320 .99 ~ EXPI'rimcmnl 11iPl', flathcad riwt$••_._ 1. 97( .new. II 2. 9:! 11 100.7 130.3 .0098 .024 t;jnsphalt dlppcd, sunilllr to Nos. m2, i 2.610 4.00 .370 1. JO
II Ii 100. i 130.6 .0097 l:"rot, nnd 500 nbove; st'rit'S with wah'!" .02.'3 .atH 1. Oil2. 1121n 5.67 6 110.2 134.8 .0094 .021 .341running with t.he lalls. Note tlmt 1.024.17S 11.50 6 ])0.6n th.:rc is no npparC'ut ( UT~ren('C in en. 131.6 •00Il4 .021 .352 1.054.015 13.40n 11 1J3.0 133. Ii .0093 .020Illlcity when compllred "'ith ne.xt .340 1. 024. S·1l 14.72n 6 113.3 133. Ii .0092 .020 .3-10 ~ Sl'ries (No. 61-1); this is illlpOrLllnt 102n 5.605 20.00 11 112..\ J30.8 .0'.193 rJlwh~u conditions uwnUoned In 500 .020 .350 1.056. 3tH 25.50 6 113.2n nho,'C bolds. 130.4 .OOJ3 .020 .350 1.050.62S 27.01II 11 114 Ii 131.7 .0092 .020 .342 1.026.062 27.21 6 114. i 131.8 009" .020 .342 1.02 

Cl1 
Cl1 
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~TABLE 3.-Elements of experiments for the determi1latio71 of fridion lossf)s ill sheet-metal and plate-metal IJi1JeS, wilh retardation coefficients 0)
in various formt/las-Continued 

SPIRAL IUVETED PIPE-Continued 

~ Coefficients or retardatlon 

!I I I 
, 
I 	 g

I Scobey
j 

Q= V~MC!lJ I I Tempera­
year, and age yatlon sldedl-: Name and description oC pipe l>er sec- head re:,r ture of O.- K.-
Pipe Experimenter, Obser- d-tn- ! QU8D- "clocity i-..oss or 	 ~ 

No. 	 tity peror pipe rating ameter ' 	 oml 1,000 eet water 0- WII- n= f-Wels- Viscos- m-VIs­second ('hezy 	 lIams- Kutter bach Ityneg- cosily
I1nzen lectad consld-

I 	 Il- ere(1
1 	 • \1I,t K.-mv,.t I
j R'lJI.'I 	 __L
_. I 	 ---
I 

i--- --_. ~ , 	 I G , 1 te It 1% 13 U 15 ....I ! S 	 5 j 8
._1 	 • --- I ------­ ~o"--~~ ~--

Inche. 	 I('u,ferl Prel Feel °0. 
hU S,\:O, 1005, D 5.943 Sallle pipe lIS No. 512, series with woler ___ • ____ 1.512 	 103.8 133.3 O. 00\lS 0.024 0.300 1.00 ~I 

I

' 	
en 

1: ~~ __ ._._..~_ 	 1.04now. 	 II running against the Isps; exnerl-' 2.584 4.97 __________ 109.2 134.8 .0095 .022 .344 Ul 
n Illl'nts made In tho fall or 1005. Nohl 2. iOO 109.0 134,1. .0095 .022 .346 1.05 
lJ thllt thl) COllllclty, Ir an~thlng, Is 3.236 6. GI t---------- 110.6 134.2 .0004 .021 .343 I.IM

7.08 ,___...____n h'reater than when water running :1.2Il7 9.00 , __.._____• 111.3 135.0 .0004 .021 .338 1.02 ~ 
13 with the laRS. <'Ol\1)lare with No. 3.800 112.4 134.6 .0093 .020 •:138 1.0212. 46 __________
13 512 above. 'em\Jeraturc of water es- 4.357 1I0.S 131.4 .0004 .021 .361 1.00 ~ 
B ) timllied sallie lIS n No. 504 abo,·c. 0.041 113.3 133,0 .0092 .020 .341 1.0322. 35 __..._____I 	 a.OiS 115.5 133.8 ,0091 .019 .334 1.01B 	 10. o 

97 1---------­25.58 ____ ...___n i 	 6.577 116.6 134.3 •00Il0 .019 ,330 1.00 i'!J20.24 _________•
1) 	 6.002 115.7 133.2 .0091 .019 .336 1.02I 	 I - §COnRLTG;\TED PIPE 

mOlnLY,1917, A 8.88 J.:~nerlmental line" Arlington, Va. 0.451 1.056 2.~:JO L..______ 64.9 00.4 0.0171 0.(,85 1.203 4.01 
11.(1"". A. Nomiuni slzo, 8 inches; line straight. .65-1 1.288 3.000 t-.....---- 54.7 65.2 .00il .086 1.3.17 4.15 

A 	 .720 1.673 5.000 ......_.... M.O f>l.2 .0171 .OS5 1.350 4.18 
1. 322 '.._••• ____6021 FliT. iOl~, ~~ _•• _.___ 2·\ Outfall sewer, EI P(ISO, Tex. Straight 4.00 1.58 61.5 f>6.6 .O!OO .008 1.184 3.67 


Yl'nr reach, 1,037.8 feet. 0.02 1.00 59.7 64.4
1.436 :...__ ...._ .02ll1 .072 1.259 3.00 I1.647 'oo _______ •Same pipe as No. 002. Hcnch Ir.cludes 4.805 I.M 	 M.7 59.9 .0213 .083 1.439 4. 461.558 ,__ • _______oo~t~:~~:~~~:~.. ---.---- CUrl'C Bud abovo straight section. 4.64 1.1i7 	 £0.4 60.6 .0'211 .081 1.413 4.3824 



'l'.lllLE 4.-Summary of series of experiments upon sheet and plale-lIIl'fal pipe, t'neluding indit.iduGl pipe equalt'ot/II, average coefficients, and 
pt>rccntage comparis01l of obsert'cd 10 calcululed capact'ly 

[TO be considered tIS supplcmcntury to 'I'able:; 1, 2, nnd 3] 

PULL RIYE'l'ED PIPE 

I A \'Cl1lgC vnlues, excluding D rntings 

.\p­ 1:----: ~ 
PfOX!· Scob<lySheet or 1ndh'ldu31 pipe

I lllalo Length of ~ P!J>o! Iusido CQUtltioUSExperitnClltcr Year of I .-\go of plate Closs mnxi· rench Range ofNo. tests pipe thicknCSi! , mum dium· 1[,=,\[\,' nndtested .'·~locities Williams· Ysrlation(nominal) c~r \'alm'S of .\1' iu ~ 
PfCS' ilu,cJl ofob­lJ=.\1' 1'1·.sure oCu servedhead K. m t.jfrom 

comJlut'ltl 
l'llll;lcfty ~ I---!" 

% -'--' 8 I t 18 11 I-I-~-i~-u-3 IS 
~ 

. j I ~ 
'--'--'--1 I- 1---.--- ­--L .----.- .I I ~Yea! Yoa" Incho& Pttt~r 

But 1ncht& Fed 8<cond Perunt1 ,~cobe) ........._............._.... 191, 2.0. 0.0312 
 In 3 3.88 404.5 0.6-1.3 H=1.560 vue 122. 2 0.445 1.40 -7.22 Darcy............................' 1850 Ne\v. 
 111 7.71 365.3
3 ; Scobey..........................1 1017 New. .··--··:050-· .6-19.7 H=.579 VI.n 140.5 .304 .04 +11.4
1a 4 8.0 264.5 1, Z-1.5 .564 132. 1 .361 1.13 ;4 lInwgood.... ....... ..•.. 1915 New. +2.3
.078 Is 179 8.0 4.35-1.0 7.2 .659 117.6 .422 1.31 -6.45 .....do....... 1915 New. .078 Is 
 283 10.0 9,415.0 4.7 .630 104.7 .516 1.60 -14.06 . Scobey...... 1910 24.0 .141 Is 3 10.0 1,769.6 1. 8-2. 6 .525 117.8 .430 1.35 +12.5 t::1 

.078 In 25 10.63 221.0 1. 7-2. 2 .572 108.8 .502 1.50 -8.0~ ;:::::a~::::::: .. ::::::::::::::. l~lg t.g .078 18 60 10.87 845.3 2. 6-2. 4 .680 08.3 .000 1.90 -20.2OjH.Smith........... " ........... 1876 5.0 .044-.091 Is 10.92 
 684-731.0 4.7-10.0 11=.501 VI.II 120.5 .387 1.20 +3.110 ; Darcy........................... ' 18.'iO New.,......._..__ • 
 Is 11.2'2 305.5 1.3-10.5 H=.413 VUI 135.1 .321 1.01 +8.31\ Scobey........................... ' ]917 3.0 •••• __....... 
 In 12.0 1.144.0 1.1-1.3 .683 100.8 .583 1.83 -10.1 i12 n. Smith .................. _.....! 1875 5.0 .044-.091 In 
 12.67 685-718.0 4.6-10.7 II-.340 VI." 110.7 .386 1.20 +3.2
it.:.~~~d~~:::::::::::::::::::.:.::~::j 1:: ~:g .------...... In 14.0 70,700.0 .0 .530 00.3 .642 1.00 -22.4 ~ ------------- Is 14.0 70.700.0 1.1 .463 103.8 .551 1.71 -13.8
151ll. Smith...................._... 18H 5.0 .044-.091 Is 14.76 .684-726.0 

118.4 .416 1.32 +2,0 ti314 ,SCObey...........................j 1U10 10.0 .002 In 12.~ 14.55 717.7 1.7-2. 6 .337 

4. 4-12.1 Il-.313 VI·" 124.0 .359 1.11 +7.2 Gl16 ...dnms..._...._._ .. __ ........ _... 1896 New. 
 .100-.141 In ........ 15.96 16.416.4 
 4.6 .277 121.5 .378 1.17 +.317 Scobey..... _......._............. 1919 3.0 
 .141 Is 125 16.0 3.604.3 2. fh"!. 6 Il=.228 VI"T 130.0 .340 1.0818 II. Smith_._..............._..... 1878-9 1.0 
 .078-.156 Is ........ 16.09 4,438.7 20.1 
 .221 126.8 .325 1.01 


20 .. __ .dO..__.................. _...•• 1919 4.0 +15.5 

10 Scobey._. ___.................... _j 1919 4.0 .078 18 25 17.85 1,091.4 .7-1.6 .195 

:ro:~ 

142.2 .302 .05.078 la 20 17.85 1,532. 9 2.0-5.5 Il=.263 VI·l> 126. 2 .356 1.1321 Llppincott......................_ 1\lO9 8.0 +6.6
.141 18 300 18.0 3,160.0 2.4-.'1.8 H=.257l't·Ot 109.1 .46422 Scobey••• _•••• _•••_•.•_......._.. 1010 4.0 1.« -4.2
.078 18 30 20.0 2, 012. 2 1.6-5.0 Il-.262lfl... 107.5 .478 1.61 -0.623 Rafter............................1 1890 14.6 ,188-.200 
 Ib ........ 24.0 10, 5-1.1. 0 3.3 
 .366 81.6 .784 2.43 -17.2 ~ 



C1l 
TABLE 4.-Smnmary of scn:es of ex1)erlmenls upon sheet and plale-metal pipe, induding indit>idual pr'pc eg1w/iollll, average coefficienl~, and 00 

percentage comparison of observed 10 caieulaled capllC1'Iy--Contilluct! 

l'ULL 111\'E'l'ED l'!PB-C'onUrmed 

~: 	 .~.---.~-.. I!:,"crago Ylllu(lS, excluding D ratings 

i A1>-. I I 	 ~ 
. j proX!· I! InrtiYldunl pipe ScobeytI 	 Sheet or I lIlote r'\ lA' nih r ; .

l'ipe I . Yeor o[ Age o[ plate • IIltui· I!SI( e II~, 0 Range or I eq~ull1!,ns 	 ~ No. Experimenter tests pipe ihickn(lSS CL'\SS lllum dmlll' r~ch y<loeiti(lS p=Ml ~,Ilf~ Williams· Variation 
nom1nal) nros. cter I tCS.M "\Iu~.s o[ {'I ill Hawn o[ Db·

I 	 t lI=.M' 171 •9 , ~~ \xl( I I 	 l rsure 	 I C.. m s~n'c~1hend 	 I ., [rom, I C01111lUtcd 

_-I ' 	 _____!_.____l____,___________---I~~ ~ 
! 3 ! I 5 1 6 I 'I S l ! 10 11 I n 13 U 1 13 	 ~ 

en 
~o 

;pn -1-~-ar-.te-r-•.• ••-.-•.-------1-1-'~-06- -l-Te-~~-~- ';::'J[1 l 	
~ 

-.-	 0.302t, !~1-n-ct.-~8f,$ .;I-Jl-:e.-(~-..I-l-i-I~-~8-! [~" --78-.-7 -0-.83-0-1--2.-!lO-'-p-e-r_-c~-II.-tI 
I-" 

_~ h\llch11l1!:.• " 1891 15.0 .I~S III ........1 .4.0 3,3_7.0 \ 3.4 .348 83.9 .11'\ 2.30 -14.0 til
2.5 H.8mltl1._. . 1873 5.0 .()()2 10 ••••. _.. 25.S 1,193.8 12.0 .133 129.9 .301l .00 +16.0 

2;; •••• do .... _.. . 1876 5.0 •••• _........1 In 887 29.17 12,708.0 10.8! .128 123.3 .340 1.05 +10.3 
 tI
27 L,'t'ontc..... lOll 5.0 ••...••..••1 lu .•••••••; 30.0 5mll(lS.•••.•• _.____ .153 114.0 :1::.42 -1.4 
2S .....do........ Hill 4~0 .125-.106 In ••••••.•1 ~O.O 7H,milp.s............ ' .101 110.0 :I::.H +29.0 

t<.1 

~ ~ T\tsiiiiiii:.: I~M \8 ·······~20'1·· 1~ ····2.~o·1 ~~:~ 3H.i~.eo ••••••..b:i"I"···..:ii4..·-· l~U :I:::~~7 "'i~iis' ""':;:-5.8 

31 S~olle)'........ 1919 4.0 .100 In 30134.0 2,0.15.0 3.1 .108 127.2 .339 I.OS +8.0 

32 I. W.Smith... ISoo 1.0 .2(}'1 hI 250 35.0 30,829.0 5.4 .101 	 127.4 .327 1.01 +0.1 ~ 33 Sroh~y......... IUlO 2.0 .H1 In 102 30.0 500.1 1.6-6.1 JJ=.076 Vl.1I liS. 7 .376 1.18 +0.5 

34 .... do....... 191~ 2.0 .312 Ih ........ 3G.0 5,330.2 1.8. .122 110.2 .400 1.22 +5.0 P­

35 llersrhel.. 1892 New. .250 III •••..•••J 30.0 25,000.0 .0-.1.7 11=.1501'1.1' 	 1I0.0 .451 1.40 -1.3 O 
35n .... _do...... ISoo 4.0 .250.1b ........j :10.0 24,720.0 4.0 .130 IOS.8. 464 1.44 +.3 

37 1.c('on(0._.... 1911 24.0 .156-.188 In ........ 30.0 114,400.0 3.·j .1$0 106.4 .467 1.45 +8.5 

3S ..•.. do............. _ 1911 24.0 .106 1n .•..••••1 36.0 omiles. 3.5 .138 123.0 :1::.46 .-...... +0.3 ~ 

39 Hafter_................. I~OO 17.0 .11>8 III ........ 30.0 50,819.0 1.5 .216 85.8 .725 2.24 -12.0 

aDa Kui(.hllng•.••_•• _.".. " IBU1 18.0 •ISH 111 j....... .1 30.0 50,820.0 1.5 .202 89.1 .676 2.00 -8. I 

SUD --Hochester, N. Y... Seq.•••___._.. • ISS Ih ... ,... .': ;16.U 00,700.0 Varions. Seefigurc 7.•-.-.-.--••- ...... --...... -4.0 

40 •.•••<10... ..................... ISoo 2.0.250-.375 I b • ___ ..... as. 0 40, 3;m. 0 • (1-1. 3 . 142 119.4.401 1.21 +0.7 

41 .....do............,............... 1507 3.0 .2r.o-.375 Ib ._ •• _••.; 3KO 40,330.0 .(H.2 f • (illS 128.4 .3,10 1. OS +15.6 
 I42 __ Uot'lwstcr, N. y .......... vsriOUS'lvnriOUS. .256-.37,; 1b ._•••.• j 38.0 01,640.8 3.1-.'1.41 See figure 7••• --................- •••-. +9.3 

43 •••••do...... ••• ........ . ...... 'Ynrions. Various. .25(1-. aiS I h ........1 3S.0 45,000.0 3.3-3.8 See figure 7. •••••- •••••••••••••--•••-. 
 t' 2 
44 ••••.do •• _•.•_....... .......... \"arious. Various. .256-. 37S III ........ 1' 38.0 40.890.6 3.!>-4.0 Sec figure 7••• - •••••••••--.... -....... 5.8 

45 1. W. Smith.__•...•.._".... 1800 1.0 .188-.375 III 370 42.0 00,005.0 3.S .007 Il7.1 .38tl 1.20 8.0 

4511 Hnnd1ctt... .••_••• _••••_.......... 1015 21. 0 .188-.375 IlJ :liD 42.0 52,789.0 3.6 .103 Il3.0. 4.11 1.27 +22.4 


.... , . .......... "~ 
... .. . .... ..... 	 . ..
-"­ -
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IMl()4d lh·r-.rhl .. !\PW 'lj2 11> ~;.!.I\ :" ;'':4.ll 1.'--1 :1 .113 jIm. f,: .4r.!' 1.43 -2. 347 dB l'ttf. '!\t.'I.W .:.(iL:i12 III 4': Y.lri..:... :- I -I 1 " .m." . n.ll' .4;:, \.33 +1.54'> .. ct,'.. lhtlt! !\I\\ ,~.~j). • :"12 j\l UO )'1.J:,1'.n 2.1-.\n H~.110 1'1.>1 " ltl'.l\· .4tv 1.3\1 -LO4~ n'lyl~; HI!S ]~~ H 13 H 11 Ynrl'}Us. 2. ~ .1I)<J Ill!. 1- .456' 1 ...j +.~. 5()(l l ..e('tJntl' Hill 2:,{1 ., 4 
t.1 'W~ ,,_ do 

lI. (' 1\1 Hu 1~'.lm.O · l~.J'J I ]1:1. i\ •-115 1.2S +15. 2!!:.H ~ ........ - , :,.lJ (~
lUll 1.1 44 II 2'.!l()(1. U 3:4 .l~" 1 U;.\f. :1:.:;2 '... __ +4.8t12 do Wit :r..O · h'.· ~~\I In 4!!~! 4:I.mi~.s a" .1:;5 I hil.5: .lI4s I 2.0\ -0.6
:,a l1er~dJl'l };..,!rj !'-tl \\>. .;n-, III 4.. ~", -~.,f.,.. 0 :.?ti .IIH ! l!l.'-6' .471, 1.,16 -3.5

t~5a \10 1'\):\ 1.0 . ;;';}'} III 47. ~"'. 2t~ r.~;. 0 2.&-2.'" : .114. ! lUO.7: ,514, I.r.o -~.1[J!.ih". do 1~(14 2.U . :f7!t III -17, ~" :!f" (\.':-. tl 2.(f-3. f1 • .1O(J l!)U. 480 ]. 49 -~. 9[l3c'_~ dn l~~th 40 . .:~;5 111 4•. ~'" ~' •• 1~'7. II a.\I , • lOS 103.2 1 , 488: L 51 -2. 3::~-ld.;-~ Ilu )sun ~.O .3';5 II> oJ';',27. :!tY.fllll. U -t.·t.--tti .118 i 07.3 .5:13, 1.1J5 -6.7 ~ 
[l! l. do ISU:! );('W. .. 2;l(}- :i7r. 11> I47.84 m. 445.0 1 it. 4 .OOS 100.7. O.4H 1.38 -.Ii bjr.4.a tin Nkl 4.2 .!!~;o·- ~17!) Ih 47.34 61,1-1:-•. (\ , 3.1~· 4.;:; .107 103.2 .483 1.50 -1.8 t-<-&lh fit l 1~91l 4.0 .2;,0.- 375 Ih 47.,10 (1,1,0·':1.[1 f f),x .112· . .507 1.5, -.\.2 oti4c til' )~!J(; 4 U .2,j(} ;{75 III 47.40 M.OOII.O i 4.5 .m. 1 .503 1.1it. -3.SNi fIn l~tl~ );,·w. .2;,0 Ih 47.40. :,3,3iildl :2 c- :1..\ 

:;: 
· oss 115.2. 30S 1. 23 +5. .\~5a flu l"'-lJ:! 2,"-0- .3;',!) IIIXI'''. 4;.40' 7.J.3(ki.11 3.1\ .OO~ lll.ll .41!! 1.30 +2.7 oflO do 1!-0·\ 2.0 .2:" . 3.5 Ib 47.10 80.1;00. II lI.1l .lllll 100.5: .453 1.40 +.1 f:;j

56a duo IMJfi 4.0 .:!,')U .375 III 47.-.10 3·1.1;45.0 3 n ILl 1I=.1II 1'1.,. 103.4 .4i'J 1.47 -.7Mh .fo .. I~U3 1.0 · ~;il 375 II> 47.40· ~'iJ.415. (J . 2.U· a.a .I)S8 JlO.2 . all, 1.2:1 +8.!J5f1t· do. ISUI 2.11 · 2;}ll. 375 Ih 4,.40 i ~>(l,·!I5. U ' 20 .0S,1 118. 3 ,386 1 l. 20 +8.!J ~ 5j I do 2.0 •2?')(} ~ :J75 Ih 47.4U· aU.ltjo.O, 3.11
5731 ~1('rriIllUn l~~ I .097 lOS. 5 .440 I 1.30 +1.7

15.4 . .. :!;){}.~, 375 11> .. 4 •• btl 4S, 32·\. 0 12 4.0 11=.1481'1.16 86.2 • f)5O 2.01 -8. 1 ~ 
';8 i Ilrrs(-JmJ.. 4.0 ' .2:-.0·.3,51.'1l'l-lSlltJ I III 47. 62 2~, (;30. 0 , :I.V· 5.4 .002 ...... __ ....................... ~ r""l') !'.tt'lrriman HIO, 15.a .. 2~U .... :Ji5 II> 4,. btl 23,871. 0 i 3.0 .132 82. 4 .73. 2. 2S I· -13. UIiU I llersrlll'1 . I~()fl .3 ')'.0 1h 47.52 2·1, tHS. U • a o· 4., • lOS 102.3 .4\lti l.M -0.1 ~ ".U:l

I
1\h'trimUJL - 1907 11.0 : 2:.0 111 ...... . 3.4~ 4.347.56 5 lIuks. .148 ~6.!i 670 2.07 i -12. 6(10 Lipl'lm"'IL. 1000 5.0 Ia ! 65 2.g.I"S b2.0 :I, Q(l(I.O .070 123.2 ,350 ~ LOS I +8.7(.1 L~('ont('.••. lUll ~ 0.0 .2M III 54. a 3.2 mill·s. 100.0 :1:-.40 : ... _..... +5.1f.2 r :lIiIlL."•.• ISS$ Ih 5U. I 200.0 2.S .0711 uS.S .5:15 I 1.651 -7.3f>3 i ~l·obry.•. 1924 !\;\~~ j' ·····:312-- III C.2.0 1.123.0 1.0 .om 120.0' .370: 1.151 +0.511-1 ; J. W. 811lith .. 1903 .b .312-.(h'~ Ie 72.0 40, 2<,)·1. Q 1.1- 3.:1 11=.0551''-"1 110.7 .428 I l.a·l: +6.4 ~f..t:" .do. IOIH 2.0 .312-.GSS Ie 72.0 40,2IH.O! 1.4- 2.0 J[p.06lil'IH 9S.0 .1,24. 1.(1I -2.7 t;)r..tll .do 1905 3.0, .:11LIl$ 1(' 72.0 49,~IIO I 1.5- 3.1 11"".0,81'1 H 04.0 .57:1 i 1.7U -t.OIHe: .dn 10\15 It' 72. {) 40,211-1.0 • 1.4- 2.S //=.1101'117 t!:l. 3 .718: 2.2'1 -15.6G·ttl .tlo .. JOOS ~j; :m::~~ Ir 72. Q ·W. 2111. 0 i 1.8· 2.0 1/=.1021"1" 88.4 .(H31 1.00 -\1.2fHf< .do 1900 9.0 .312'.1il>8 h' 72. 0 411,204.0 I l.t~ 2.8 1I=.OS9 1"10 , 8t1.7 .01l6 2.07 -0.0/Hr. .do lOll 13.0 .312-.C,ss Ie 72.0 411,201.0 i 2.1- 3.0 If=. 0921 'lYII 81.71 .6011 2.141 -8./1 ~ 651 Monro.· 1910 N(lw.. .375 II' 2.3'11.7 JI".0521'JH I 105.1 1 .4351 1.35 +5.3 t"

GIl ..... do •. lDl6 .Nt'\\", .312--.375 l~ +~g~~~:~ I 2.3'11.7 1l=.IH8V1... 114.1 .374, 1.10 +8.067 •••..do..... '. 1m3 !\(,W. . ;1,5 lc 2.1- 3.0 ~72.0 423. II I .059 i 111.5 .425 i 1.31 +6.6(is I' .do.. -.. . .... 1913 l\"'cw. ",250 .312 III 72. 0 I. 4S\I. 6 2.5- 3.0 .043 • 130.6 .308 .95 +~>(l.669 i 1Ilnr" Wing, J1osklus. 1897 .2 .. 3,[' . U,H Ie 48·1 72.22 O. S lllil~. I . ii- 3.S 1I"'.O'4I'UI I 105.0 .457 1.36 +2.0 ~ 
OUa, .. tllL. IS90 2. 1 _ :r;Tr'. n8.'i Ie 48-1 UJ72.24 '.. ~._ ..... _~ .. "~ 2.0- 5.3 11=.0731'1'1 OS. I .510 1.61 -2. Ii70 Mills .. l\){);! 2'2.0 .3,5 i III ..... 77.5; JiiO.O I 1.2- 3.3 .0711 i 03.5 .577 1.70 +3.171 ()oollttl,·.• 1023 10.0 __ ........... j lb 178 
 84.0! 6, ·110. 0 'I ;1.4- 9.2 11=.0281'1" ! 02.5 .527 ].63 -1.672 1Ilouroe.. •...• 1017 XCW' .·1:18 III 150 8·\.0 HI.7 a.·l- So:l 1I=.~5vr·'1 100.1 ,435 1.35 +0.673 .....do......"..... __ • ]017 Ncw. .375 1 Ib 8-1. 0 7tiS.O 3.·1- 8.3 I/=.(}IOI'UI I l12.0 .3$7 1.20 +7.01917 1('1\(''':' .iII5-· ·lil8 l 84.0 1,070.61 3.4- S.3 ll=.o:l~I·IC> ]08.7 .417 1.20 +7.7

1017 N('\\. .3,5-.4.\8 lb 8·1. 0, 2. 1>8:1. 3 3.4- 8.3 J/=.041 1".00 100.1 .41:1 1.28 +3.4~i =~~~t:=·:==·=·:·.:·.·.·:::~· ::::.::::/ I1010 2.0 .312-.438 III 150 84.0 3,606.2 1. S- 8.1 JJ=.057V I ... 03.0 .555 1.;2 I -10.8 <:,)1 
~. 
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TABLE 4.-Summary of sene.'! of ezpen11lents upon sheet and plate-metal pipe, incllJdifl{l individual pipe equations, average cccffiq€I1IU, and o 
percentage comparison of observed to calculated capacity-Continued 

FULL lUYE'l'ED PIPE-Oontinued 
t;5 

A verago ""lues, excluding D ratlngs 
I ---
I \ Ap- Indi\'idulli pipe Scobey ~ 

proxi· equations
Shoot or mate Inside Length of ll=.\/V' and

late 
Range of ~ max!· YariationYcarof Age of Class diam· reach velocities values ot .\[' in Williams·Pipel El<Jl'lrimentcr tests pipe thhckncss mum etcr tested II=M' \11.1 llnzcn I oto\).. ~ 

(nominal) pres- Cv S(!fYOONO.! sure 1" fromK. 
hood ~'Omputed 

CIlllUcity ~ 
I --------- :JI --- 15 z, ; 5 G 8 11 12 IS 14 

3 
1-,- r-;;--I8 ..... 

I 
• 

1 
.-_L__ ------ .:"2 ___ i Ir___• 

i ------

I 
--. o 

Pulper1 Pu ctnt 
Itcond c::

l"tar Year& IncAea I I Put [ncAu I Put 
0.5- 5.4 109.2 0.436 I.M to. 4 

103.4 152. 0 8.8 
7i 1 HerscheL.- ....•. -•••••• " •• -.1 1886 108.0 33,9'20.0 2.G-7.0 Ul5.0 0.500 Ie ,•••••••• ·"':U;;;:OO'j;i.ii· 113.8 .380 1.17 

.312-.688 Ih •••••••• 1.02 +22.4 
" ~I'roebsteL - - - -- .. - ..... ... - ~ -~-

1025 .8 231.0 7. G-IO. 8 .024 110.8 .327
78 192'2 New. .438 Ie t•••••••• ]29.0 .033 102. 5 .460 1.45 +3.3 
79 Wilkins 1b! I 3,324.5 3.2- 3.5 -10.61919 7.0, • 25G-. 500 245 J32. 0 .031 101.9 .569 1.77
SO 1017 Ib 168. 0 2,824.0 3.7 ~ 3.0 j .312 25~:~~J:: .....:: :~ ..:::::::::::::: I81 ~ 

OlRTll.Rl\'E'l'ED PIPE 
~ 

LM[{-2. 60 VI." 76.3 0.072 
"Old" I...........·· 21........1 4. 04 1 61.51 0.9-22.9 .327 LOO "··'t"i~2 l>
1892 1I=1.06 1'1.OiI 137.5202\ FrecnullI........................ 4.12 _••••••••__.\ 1.3-23.4 1.2
1892 New.............. 2 ........ H=.7nFI.1I 134.9 .327 LOO
204 .....do... " ..................... Ne\\". ____________ _ 2 ........ 0.12 l ........ "'· I. G-20. 6 2.9
1892 11=. 675VI.i. 138.3 .316 1.00 ~ Ne.\v.... __________ .. _ 2 ........ 1.G-lll. II 1.00 +2.:1
1892 !J=.4S5VI.I 135.6 .3~1.5-13.0 

1892 New.............. 2 ........ ~: ~~ 1=::::::::::: 131l. 7 .326 Lm +2.2
mi=:=Jt::::: ::::::::::::::::::::= 
1919 8.94 15,240.0 I .. ·· ....~47:i.. · ..·; -2.12.G- 4.4New. .342 2 •••• -.. 122. 0 .387 L~211 Dnyles.....................•••..• 4.0

1015 6.0 .307-.500 2 1,700 10.0 25,650.0 146.8 .256 .N +38.1

212 Dul\IouUu•• _.................... ll.4

1910 22.0 ............ . 2 450 15.5 6,229.0 n< i~hTl.O' ! 95.7 .577 LW -21.9 


2H HerllOids.......................• 1.2- 4.6
36 0 { 1,273. I 95.5 .b81 LSO -22.2 
216 Seaber! . 19li 4.0 ............ . 2 ........ . 1,274.9 L2- 4.6 11=.146\"-"", .~ +13.4
21611 Lanro )sallle pipe, sarno bme.... 139.3 .284 I2 1_______ _ 36. 0 36, 000. 0 3. G- 3.7 .085 -6.61912 4.0 ............. .112 117. I .387 l.~
218 --l\Iontr~al. ................. 37.0 50,697.9 3.84 -8.0
1918 New. .25 2 .117 114.51 .404 LU
229 -- Uochestcr, N' Y........... 37.0 50,697.9 3.76


1919 1.0 ............ . 2
220a .....<10........................•..· 
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... , ; ~ ~...."" 

22Ob}_ •••d"............................1 
22Oc, Matthews, Uochcster, N. Y ••••.. 
222 :.••••do••••••..•••••••••••••••••••• 
222:1 ._ .•do•••••.••••.••••••••••••••••• 
224 Porter•••••...• _................. 
22S Randlett......................... 
22Sa .••••do............................­
226 .....do........................... r=::: :=~~:::::.:::::::::::::::::::::3 
226c •••••do............................; 

~:~;:~r~~:~::=:::~:::::::::::::::l 
~ ·:~!~~~::::::::::::::::::::::::::i 

]920 
1926 
1920 
1926 
1926 
1922 
1922 
IIl25 
11l'i5 
IIl25 
IIJ215 
1929 
1929 
1929 
1922 
1922 

2.0L ...........1 2 L. ____ . 37.0 
37.0 
37.0 
3,_ 0 
42.0 
4~.O 
52. 0 
liS. 0 
58.0 
58.0 
58.0 
M.O 
61;.0 
6.5.0 
96.0 

lOS. 0 

~~ :::::::::::: I 
2 ...... .1 
2 .......1 

8.0 _.••••••••.••_ 
Ii. 0 .••••••••••••; 
11.0 j .25 I 

2 
2 ... ~_ .... 

11.0, .25 -.566 
Ne\\"~ ~. __ .. ""~_ ...... ~ .... ' 
New.. _...... ___...... .. 
New. 
New. 
New. 
Ne,,-. 
New. 
New. 
New. 

"':3iti=:600'/
.1iOO 
',3ihiiOO
.3iS-.43S 
.{\138-.75 , 
.SO -.626 ! 

2 2,0 
2, 100 
2' 
2 
2 
2 
2 

2-;) 
2 
2 
2 r....._. 

50,697.9\ 
50, 69,. 9 I' 
42. IE, 3 
4~ 12;.·3 
39,053.0 
77,829.3 
41,290.0 
8, i02. 4 
7,918. 6 

30,964.4 
47,585.4 

118,380.3 
,S-1,9OO.6 

117,021. S 
240.0 
515. 0 

3.83 
3.53 
4.06 
3.24 
4.1 
7.4 
5.3 
6.24 
6.24 
6.24 
6.24 
3.&1 
3.&1 
3.S6 

14.2-19.5 
1I.0-15.5 

.'-12 

.130 

.136 

.IM 
,OIlS 
.068 
.062 
.046 
.052 
.049 
.050 
.049 
.OH 
.045 
.030 
.032 

117.6 ' 
108.5 
105.5 
100.4 
116.3 
135.0 
130.0 
140.6 
132. 5 
136.2 
135.1 
128.8 
137.0 • 
135.3 
113.9 
113.1 

.386 

.449 
~ 470 
.li20 
.389 

:~I
.2ti2/
.293 
278:2k 

.314 
~ 2';0 
.286 
.357 
.303 

1.391.20 I 
1.45 
1.561 
1.161 

:ll:ll 
.81 ' 
.91 
.&1 
.88 
.00 
.88 
.91 
I.ll 
1.]2 

-4.9 
-7.8 

-12.11 
-13.4 
+8.7 

+19.7 
+14.7 
+1(.7 
+S.I 

+11.2 
+10.1 
+3.0 
+7.9 
+8.2 
-2.5 
-3.4 

~ 
S 
~ 

CONTINUOUS INTERron PlPE 
(:) 
":l 

~ .~!~~';J.::..... . ..:.. ::~:::::::::Ii 
300 Schoder•••••••••.•••••.•••••••••• 
308 Scobey•..•••••.••..••••••..•••••• 
310 i Speller••••••••••••••••••••••.•••• 
311 - DubUlS ......................... . 
312 , Mosley........................... 
313 r l'ewrs Rnd Scobey••••••••••••••• 
314 - Palmel'•••••••••••••.••••••••••••• 
316 ' ?Ii11s••••••••••••••••••••••••••••• 
316a .••••do............................ 
318 .••••d()........................... . 
318a .•••do......... •••.• •.••••••••••• j 

1917 
1917 
1907 
1919 
1917 
1ll2O 
192ti 
1927 
1904 
1888 
1899 
1888 
]800 

1.0 
1.0 

"Old." 
3.0 
].0

Nc,,·. 
1.5 
1.0 

New·. 
2.3 

13.0 
03 

13:0, 
I 

. ~ ..... ,.. ..... .,.­ ~ -
0.155 

... ­ ~""'" ~ ­- ~. 

.312-.562 
.25 

.25 - .3la 

3 3.628 
3 Ii. 72 
3 6.00 
3 7.69 
3 8.0 
3 ••••.••• 14.0 
3 1,129 119.2 
3 •••• _••• 211.0 
3 320+130.0
3 .•••••.• 84.0 
3 ! _•••••• 81.0 
3 • 84.0 
3 84.0 

1,000.0 
1,000.0 

99.3 
585.8 

1,000.0 
27,888.0 
12,528.3 
18,400.0 

12-22D1ncs.,·
100.0 
100.0 

l~:~ l 

2. n·lI. 7 
1.1-10.0 
1.6- 6.0 
4.S- 6.5 
.3- 3.3 

8.3 
3.0- 8.0 
2.9- 6.0 
1.9- 2.1 
2.6- 3. Ii 
2.1- 3.0 
2. 7- 3.8 
3.6-3.7. 

! 

11=1.017l'1." 
H- .72411).11
u- .6114 1-'t·1T 
11- .7H Fl." 
11- .400 1'1... 

.241 

···ji:':·~i50·Vi~"· 
.127 

TI= .040Jll."· 
.l/= .05711).11 t 
II- .042 1-'1.00 • 

• OtiC) 

147.0 
142.1 
143.1 
124.7 
153.2 
139.8 
138.6 
126.3 
127.0 
118.2 
90.7 

111.4 
98.4 

0.290
.364 
.303 
.378 
.2tiO 
.287 
.290 

.3UO:~:~ I' 

.1i:!2 

.400 

.S07 I 

0.93 
.98 
.05 

1.20 
.83 
,89 
.90 

1.00 
I. OS 
1.]3 
l.tlli 
1.26 
1.65 

+u 
+1.0 
+2.1 
-6.1 

+1('.8
+f- 1 
-Hl.4 
-2.7 
-4.~ 
~5.0 

-15.2 
-10.0 
-13,0 

i 
::d 

Z 
::d 

~ 
~ 

I Awrng~. 

ISO 1'J'PbbS~ Hh'Ne<1 nnd continuolls I
ulterIor. 

]52 Wilkins. Riveted steel. •••••••• 
154 ! grol)()}'. Uivctcd steeL•••••••••. 
156 DQolittle. Welded I ............. 
156a .....<10•._ ........................ 
158 ,Scobey. nivetcd stooL•.•••••••• 
160 IDOOlittle. Uiveted steeL•••••••• 
162 Kempkey. Welded stooL••••••. 
164 Scobey. Welded, except riveted 

girth seams. 

JS76 

1921 
1923 
1921 
1921 
19I7 
]921 
1926 
]929 

COMPO UND I'IPES 

Ncw. 10.18!Hl.25 1...••.1........124.0- 30.0 1102,469.0 

:r\cw. 
14.0 

New. 
New. 

2.0 
New. 
New. 
New. 

.2IH.002 

":375:":433' 
.37S- .438 

":37ti='~75" 
.188- .25 

.1iOO 

lId 
Ib 

12 
12 

1b 
IJd 

3 
2 

•••••••• 01.8- 71.0 5, 4!i2. 4
••••••••;30.0- 30.6 7,415.0 

.0- 84.0 2,482.0 
00.0- 84.0 2,482.0 

•••••••• 84.0- 90.0 2,800.0 
330 90.0-114.0 1,136.0 

•••••••• 22.0- 24.0 115,015.0 
284 54.0-65.0 133, S15. 0 

1.1.\- 4.3/.................. !................ 
2.6- S.O h,=O.OO2322 QI.!I ••••• ••••• 0.680 
9.7-12.0 _._ •••••.•• _....... 100.4 .423 
2. 6-16. 2/' h,= .000008 0,·11 .364 
2.6-15.1 h,= .000194 01 ... •••••••••• .315 
4. 4- 0.1 .................. 121.0 .338 
4.9-11.9 hf-.OOOO35 0'-'\ 89.8 .51a 
1.7- 3.2 •••••••••••••••••• las. 0 .303 

2. 8- U 1·················.1 129.4 

1 
.309 

1.05 

2.11 
1.31 
1.14 
.98 

].05
].77 
.92 
,OS I 

! 

-13.2 
+14.0 
-Hl.l 
-H. 1 

+16.8 
-5.0 
+2.9 
+3.9 

~ 
I.:j 
t'4 
I'd 

~ 
02 

~ 
~ 



TABLE 4.-Summary of series of experiments upon sheet and plate-mclal111~pC, illdltding individual pille equations, average coefficients, a11d .~ 
percentage comparison of obsen'ed to calculated capacity--Continut'd 

DUEDdE l'll'ES 
-..",~- '" - ~.~---, ~ ~ 

I A versgtl values, excluding D rsUnb'S 

I 
 -- -,~ .~ 

lp· Scoooy ....Individual pipe -ox!. equations

Sheet or 1I\te Inside Length of Uange of U=.Ml'·and~~\ Y car of I .0\1;0 of plato I' '1\11· diam· rench velocities values of .'1' In Williams· Ynrlation ~ 
Experimenter tests pipe thickness (Inss lUlIl oter tested Hnzen ofab·Jl=M'VI·· OJNo., (r.ominlll) ,res· 0 .. scn'cd

III m 
1 lead computt,~ 

capacity 

me from 

I t-l- I

6 8 

, I 10 I 1L Ii 13 __16___1_&_ 
1 ~ % 3 I ! 

~",.--..---- ... 
CI1, ?I 

I Fut per Percent 
Peel Incha Ful -4.~..cond

l"tar H=O.380 VI ... 114.4 0.412 1.28 
1919 H- .412 in ...Y;.a:~. \. ..In~~~~ ••• III .. 15.0 2,075.0 fl. 9-13. 7 

130.0 .323 1.00 +8.~ ~ 
402 Houk•••••••. .. 15.0 1,340.0 7.7-15.8 -1.4 mNo\\~. ~. ~ ....... 111 110.6 .390 1.21 


~404 ....do•.••.. 1910 .. 15.0 780.0 8.3-19.0 ~ .. ., .... - - .. ~ -~ .. ~ ­
11110 No,,· . ._~""~'"""_. la 117.7 .3.';8 1.11 +11.4

400 •...•do ••••. 32.25 235.0 20.1-22.4 .- ~.. ­
1002 Ib 113.4 .382 1.18 +7.1 

- .. -<408 Ma1tby.•. 1b .. 31.88 187.0 21.8 
.616 1.60 -8.( t;1

1002 .-- 97.1410 ••••do .••• Ib 32.0 450.0 17.0 •• -8.11902 .. 117.2 .517 1.60
412 .....do ••••. 902.0 14.2-16.7 .~ - ~ 

1902 r Ib 32.0 ... 109.4 .412 1.28 +3.1 ~ 414 .....do..•••• Ib 32.69 460.0 17.1-18.6 •• 1.38 -0.11902 104.4 .447416 .••••do..... . Ib 33.25 650.0 17.9-21. (} .. 1.57 -7.( o1902 .. 98.2 .505418 ' ••. _.do...... . 000.0 13.7-15. \I •. 
1902 Ib 34.0 104.0. .452 1.40 -1.' ~ 

420 I..._.do•••.•. _. 34.25 625.0 16.7 . --) Ib.. 10024221·····do••••.... \ . i 

I 




~ ~ ~.. ... ... - ~ ..".,.,.. .' 

SPIRAL RIVETED PIPE 

.502• SCho..ler and Oehrlng..... llJO.I l':c,,', O. 037.~ In •••. __ '.'1 '4.0&1. SO.06I'I.!)... 7.81 .1l.=1.3H l~.10 131.0 0.363 ),09 +~.lI,rot .dQ....... 1!J05 1.0 ,(J37S In ........ 14.0&1 00.01 1.6-7.0 ][=1.314 1'1." 129.4 .376 1.14 +2.8 
. I500 ..do.... . ",..' 1!J05 1.0 .0375 Ib .. ,,,,,.j '4.(JSj SO. I 2.3- 7.~ 1l~1.430 Fl... 125.0 .306 1.20 -2.6 
:,os .do... .. ..! I!JO.I l':e\\·. .00 In ..... '5.002 00.01 1.6-6.6 1I=.833IU, 133.2 .348 1.04 +3.0 
510.do.... .... I 1!J05 1.0 .05 In ........ '5.002 00.01 i 2.c,-n.s lI- .m Fl.~. 135.3 .3M .1.01 +5.5 
512 .110.... ...... '1!J05 No,,\ .05 In '5.~3 00.10, 2.0-6.7: 11=.813\'1... 131.9 .349 1.04 +2.8 ~ 

1514 ..•dll...... 1!J05 Ne\\'. .0.5 Ib ...•. 'f.!J.l3 r.o.16j 1.6- 6.6, TI- .772 VIoII 133.8 .342 1.03 +12.0 III 
520 O,,',e and Martin...." 1921 Now. .()(I25 111 .... '4.13 W.O, 1.6- 9,6 i J1=I.IM \'1.14 ...... .337 1.04 +6.5 ~ 
521 ••• ,.110....... 'J921 l':cw. .0625 Ib ...... '4.13 40.0 i I.S- n.l 1/=i.3n VI.II .. " .435 1.35 +0.6 IlIj 
522 •..do... 1921 New, .0625 In '6.01 ~O.O i 2.3-19.7 J/= .8431'1." ...... .40'l 1.25 -2.9 t"' 
523 ... 110.... .•. 1921 Ncw. .0625 lb....... '6.01 40.0 I 2.3-20.2 11= .875\'1..... '" .439 1.36 0.0 052~.. do...... .... .... . 1921 Ne\\'. .0625 In ..........'6.01 40.0, 2.6-20.0 /1= .873 1'1." .412. 1.2S -4.2..-! 

525 ...do.... ...• 1921 New. .IHl25 II> ........ '6.01 40.0! 2.3-16.6 11= .970 \'1.11 .436 1.35 +O.~""l 

526 ....do..... ..... . ........ 1921 N~w. .0625 la I·' '6.01 40.0, 2.5-17.0 JJ= .828 1'1.11 .400 1.27 -3.S 0 

527.. do.... ... ..... . 1921 New. .0625 Ib '11.01 40.0; 2.4-17.7 Il.... . 90'2 V,." .. .455 1.41 -1.7 ":I 

528 ...<10..... .. ........ ..... 1921 New. .0625 18 ....... '(\.(l] 40.0 j 3.3-19.6 1I-.786 \'1.9' ••. .436 1.35 -7.0
~2') ...do........ ........... ]921 New. .0625 Ib ...... '6.01 40.0, 2.6-17.0 Il- .875 1'1.11 .• .451 1.40 -O.I:Ii! 

530 ...<10...................... , 1P.21 New. .062.~ In '8.12 40.17: 2.4-11.2 ll= .f>69 VI... .461 1.43 -G.7 i> 

531 ... ,do......... • ." ....1 1921 New. .0625 II>. "" ) 8.12 40.17,' 1.8-10.0 Ii.= .730 V.... .4SO 1.49 -4.5 ~ 

532 .....do....... .... i 1921 New. .062:> la ! '10.21 40.0 1.3-5.8 1I- .,~ \'1.11 .(\9 1.30 -5.0 t'!l 

533 .... do..... ....... 1921 New. .0625 II; ... ' '10.21 40.0 1.3- 6.0 11- .597 \'1.10 .442 1.37 O. 0 ~ 
I I 

CORRUOA'I'ED PIPE ....z 
600 

1 ynrnell.... . ......./1917 I New·I.......... ,. ! 0'018'ssl 200.0 I 1.1-1.7 1.8.~ ii5.31 1.3271 4.11 +3.6 ~ 002 TOdd..... ...... 1012 New. 0.0625.. 24.0 1,037.85 1.6 .571 115.5 1.221 3.78 +12.1 ..; 
6O''!1I ....do.... 1912 New. .0625. t 24.0 2,S07.75 1.6 .006 00.2 1.426 0\..42 -1.0 tIJ 

- I ~ 
I C'fllssed according to t)1>e of predominating pipe. t1l 
' Flow with the hlJ!S. ..; 
1 Flow against the luJ!S. tIJ 

~ 
~ 
~ 
t1l 

~ 
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64. TECHNlCAL BULLETIN 150, U. S. DEPT. O'F AGRICULTURE 

DESCRIPTION OF PIPES 

The descriptions in the following pages supplement the information 
given in Tables 1, 2, 3,and 4. Pipes upon which previous experi­
menters have made ebsen'ations are described in Appendix 1. 

Items such as "Capacity +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 0, is 5.2 per cent more than that required to satisfy the writer's 
formulas!) to 11, inclusive (page 10), where the coefficient K, is 
chosen for the type and age of pipe as given in the description. The 
temperature of the water was assumed at 150 C. when it was not 
given. If the tem peratme of water was given, then the capacity com­
parison is modified in. accordance with column 8 of Table 6, which 
gives the percenta~e difference in velocity-hence in capacity-for 
temperatw'cs uifrermg from 150 C. 

The pipes arc placed in the following order: 
Full':rivctcd, page 64. In Appcndix I, page 10l. 
Girth riveted, page 73. In Appendices pagcs 113 and 126. 
Continuous interior, page 74. In Appendix 1, page 117. 
Corrugated, page 75. In Appendix I, page 125. 
Compound, page 76. (VarIous sizes or various types.) Appendices pages 

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

•'CLL-IUVETED PIPES 

No. I.-Experiment S-I11, 4-inch slip joint iron pipe-Lateral LJ 3-2, Okanogan 
project, Washington, United States Bureau of Reci'.lmation-Capacity -7.2 
per cent 

Experiments were made on si.~ pipes on this project, ranging from 
4 to 12 inches in diameter. These pipes were constructed identically 
and will be d('scribed under the same number. They were of the 
stovepipe type, lllllde of thin black iron sheets (22 to 18 gauge), shop­
seamed in ]C'l1gths of 8 feet and 9 feet 7 inches. Individual sheets 
were 212 feet long, when rolled. Joints were formed by slipping the 
large (,!ld oJ each pipe unit, previously heated and dipped in asphal­
turu, over the smaller end ·of the laid section. The asphaltum and 
eontmction by eooling combined, made tight joints under moderate 
preSSU1·es. 

All the t('sts on this project show low carrying capacity for a pipe 
which when 1l(IW and clean should have a reasonably hi~h capacity. 
The low capacity was caused largely by sand and silt inSIde the pipe. 
The deposits came from contour-skirtinO" main canals which fed the 
pipe laternls leading down the slopes andacross the flats. All veloci­
ties were determined by direct observation with color. Any filling 
of the. pipe section would not introduce an erroneous value of V as 
would be the case if 0 were measured and V determined by the equa­

tion V = ~. The presence of sand results in values of K, above the 

proper ones, as the observed loss of head results from a smaller con­
duit area than that of the original pipe. 

'fh(' pip~" tt'l:lt('U as s('ri('s S 111, is a straight reach aCrOSS a low sag 
ill t/1(' topography. TIl(' maximum pressure head is less than 4 feet. 
Gllug(' ;\0. 1 was a Wlli('1" column ill a graduated gla::ls attached to a 
piezometer tube thrust 9.1 feet down the pipe from the inlet end, 
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while gauge :\0. 2 was a sirnilul' cOllnection held 1.1 feet upstrcum 
from tho ()utlet end. Between these piezometers was a reach of 
494.5 fee.t. Veloeities were determined by color shot into the inlet 
end and observed in the box at the outlet end of the pipc. The a\'el'­
age values of K.=0,445 Ot· 0,.=122.2 show the possibilities of this 
tl1in-sheet pipe as a hydraulic conveyor when free of silt or other 
obstruction. 

No. 3.-Expedment 8-110, 8-inch gah'unized slip-jointpipe--Privaic lateral of 
Benjamin Dougal, near Omak, Wash.-Capacity +2.3 per cent 

This pipr had })(len ill sen-ire only two weeks. The horizontal 
aJignm('nt WI1S straight but there was a sag in the profile, making un 
il1v('rtNj sipllOll on'.J' a shullow depression. The joint units, riveted 
Jongitlldinully willI flatb('ad rivds jn 10-foot jpngths, were slipped 
togpUwj'in !L hot asphalt bl1th. As the maximum pressure head was 
I.i!JJy about ·1 1'crt this joint was Wtltrl·-tight, at ]rast while new. The 
pip<' WIlS smooth on the inti'rior pxccpt for the ends of 15 service 
hydrunt~ .Iocul('d Oil its top at l'rgulal' intefyals. 

l>i('zollwtCl' No.1 W!l::; 1>lllccd :3 fcpt from the illtake end and No. 
2, similar to No. I, was It'lu O.G foot upstrcum from the outlet. A 
('l'aulIat(\d glass was used as gllugP No.1 aIld a hook gauge irl a stilling 
bo:\ us gaugo No.2. AJI S('1'\'1CO llydntllts were closed durillg the 
t(\sttl. Velocities were determil1rd bX timing il pull' of p('rmunganate 
solutiou, shoL from a color gUll into the pipe just below the illlet und 
obspn·pd at tbe outlet. The results of the foul' tests WCl'e quite COI1­
si.ht<'nt Ilnd illdicute a value of Ks of a.at)! for ncw pipe of tbis type. 
Th{' capuc·ity of this pipe was 2.3 per ('t'llt morc thun is suggested for 
('illSS ] a. Tlw tiilJrrellce in capu<'lty is too small to irldicute it special 
raling f01' gajYanizillg over the usual asphaltum coat, at least for a 
n('w pipe. 

No.6. EXp('riment S- 127, .IO-inch lap-riveted pipe-California Domestii: Water 
('0.. ojlcratcd by Whitticr Watcr Co., Whittier Calif.~Capucity +12.5 per
cent 

About lH05 s{'vprnl mHes of s{('cl pipe were laid ncar "llitti{'l'. 
This pipe' in 1o-iuch S1Z(\, wns llllH.I(I of shf'ris 30 by 32 inc/ws find 
.oill(' sixly-foul'tin;jIJ('h thick. Thesh('t'ts \\'(,J'elap-l'ivet('d with double 
l'OWS oJ flnt-bult,oll(\(ll'iv('ls in the longitudinal s('ams and a single row 
in girth spums. 

B(,ron' bC'ing a8fH'I1lbied in 20-foot s('ctions in the field they W('1'e 
douhlC'dil'pedin hot Ilsphalt Ilnd urt('l' th(' 2"1 YC'firs of s()l'viee nttrib­
uu'l! 10 thC'.m by the slIp('riutcndent (1 !J25), appe!ll't'd to be in f!lir 

, 
eondi lIon. 

A straight 1'('I1{'h of this pipe', l,TG!) fN't long. W!lS srlect(ld for cxpt'1'i­
J1l('nt. Pif'zollH't('!· tubNI \\'c're thrust through ~ln-jl1('h hole's at both 
('lHls or til(' rt'!Lch. Pn'ssuJ'(, tl )illg frolll thrso pipzollwt.el's It'd to 
gradllltt(,IJ glm;s ltlallomd<,J's-- 11 -,l('r('lIl',\' U-tubr n.t gauge i\,o, 1 nnd 
it wat<'J' ('OIUlIllllltgltUgo Xo. 2. \·plo('iCi(·s wer(' d('{,prmirwd by tinting 
colol' solutions injl'('{('ci into tlw pip(' through It ~;G-ill('h hole a short 
dist 1111('.(' I)('Jow tht' 110h's for gangl' X o. I. The color waf> Oi>S<'lTCd 
ill !L stulldpip(' Jlf'lu'/lw upper I'lld of H !i-inch Inl('I'IlI pipe into which 
til(' 10-inc'lI pip!' lItHlpl' «'s! was di.",(·hnrging. Prop!'r C01T('C'tioll for 
diJJ'NPI\C'P ill n'lcH'itiL's in tIll' pip(':; of diJj'('['('lll sizt's WllS computed for 
tIl(' 1;) [('('I (I'ItYel':,('d ill the O-;Ht'h UUP. 

0221O"-30-~"5 



TECHNICAL BULLETIN 150, U. S. DEPT. OF AGRICULTURE66 

No. 7. -J~xperiment S-80, lO.63-inch riveted sheet-steel pipe-Shobert dltch 

siphon, Eldorado Ditch Co., Placerville, CaliC.-Capacity -8 per cent 

Water for irrigation was conveyed across a gulch in a siphon pipe 

installed about one year pl'lor to the test, but the pipe had seen
It was of 14-gaugepreyiOllS duty for seven years in mine service. 

sheet metal, double lap-ri'1("}tcd in both longitudinal and girth seams. 

At the time of test all the inside coating had been worn off and the 

interiol' showed l"ust blisters. The line was bmied about 2 feet with 

the 10wJ)art of the siphon under a pressure head of about 25 feet. 

The insi c diameters were measmed at the inlet and outlet structures. 

Gauge No.1 was a W!Lter column attached to a piezometer tube set 

in the pipe 15 fC'C't from the inlet. Gauge No.2 was a similar connec­

tion located 1 Ioot nbove the outlet. Velocities were determined by 


color, timed from inlet to outlet. 


No. 8.-Experiment S-119, 10.87-inch lap-riveted steel pipe-City Garden siphon, 

Eldorado County Water Users Association, CaIiC.-Capacity -20.2 per cent 

Water for irrigation purposes was conveyed between open ditches, 

across the sag of a saddle between two hills, in an inverted-siphon pipe 

886.3 feet long, undC'r a maximum pressure head of about 50 feet. 

This pipe had just bC'cn relaid at the time of test, about half its length 

being snlvagecl hom pipe that had been in use some seven years in a 

mino, the other haH being new pipe. It was all newly dipped in 

asphalt. The steel wns of 14-gauge, cylinder-jointed with flat-head 

rivets-a single l'OW at girth joints and a double row longitudinally. 

Loss of lwad was dC'terrnincd by piezometers and water columns in 
Gauge No.1 was attached to a manifold intogradun.tNl gauge glasses.

which two pressure tubes brought the average pressure from eight 

smnll holes in two pi('zometers, set neutral to the current through 

~f6-in('h ho]C's bor('d through the pipe at positions on its circumference 

cOIT('sponding to 10 aoti. 2 on a clock diaL Piezometer No.2 was 

similrll" to No. 1 exccpt that a single tube with four holes was used 

instl'lld or two tubes. Gauge No.1 was placed 39.4 feet from the 

intakC' ('uti. Gauge No.2 was 1.6 feet above the outlet and 845.3 feet 

from No. 1.
Vclociti('s were determined by means of color shot into the pipe with 

th(\ color gun through a ~i6-inch hole 5 feet nem'er the inlet than tap 

No. 1. 'I'll(' color was obsf'rved in the outlet just beyond tap No.2. 

It WIt:; not fen sible to vary the flow through a considerable range of 

velo(·ities. AU nlllS were taken with V between 2 and 3 feet per 

second. '1'11(' (·a{ln.city is much less than might be expected, probably 

becaus(1 of 11 silt('d condition produced by the upper ditch. 

No. 11. -Experiment 8-108, 12-inch slip-joint Iron pipe-Lateral U. C. 9, Oka. 

nogan project. Wush., United States Bureau oC Reclamation-Capacity -19.1 

per cent 

For g01H'rul dN;cription of pipes on this project sec pipe No. I, 

pug(' 64. The C. ('. nInteral C'xtended through flat, cultivated lands, 

about 4 [cPt below t\1(' surfn.('C', and terminated in open boxes which 

gaY(' !I('('('~:' to it. TIl(' line cOllsisted of three straight sections joined 

by two ('lInNI lwnds. In the in.t:nkc box there was a Cipolletti weir, 

bilt J\lC'aS1IJ'PJllPllts ('ould not be mn.de with it as it wus completely 

sllbrn('r~('(L Th!':-il' O\)S('lTUlions may be taken as indicating the maxi­

mum ('alHlcity of thit3 line at the time of test. Velocities were deter­
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mined by means oicolor injected under press me at the intake end and 
observed at the outlet. 

Loss of head was determined by use of piezometer tubes connected 
to graduated gauge glasses. Gauge No.1 was dl'Opped 6 fc{,t 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 1(, aver­
aging 0.583. The ditch which brings w!1ter to this line could very well 
contribute silt to clog the pipe partially and cause the low capacity. 

No. I4.<-Experiment 8-118, 14Y2-inch lap-riveted steel pipe-Carlisle siphon, 
Eldorado County Water Users Association.. California.-Capacity +2 per 
cent 

Water for irrigation purposes was convf>yed across a gulch between 
open ditches in a steel siphon pipe 843 feet long and under a maximum 
pressure head of about 125 feet. This line was rebuilt in 1917-18 
and tested in 1919. New pipe of 16-gauge metal, to the extent of 
260 lineal feet was added to 583 feet picked oYer and salyaged from 
the 14-yeal'-01d line. The pipe was lap-riveted, with cylinder joints, 
of 16-gauge sheets. Both longitudinal and girth rivets were in 
doubJe rows. 

Taps for gauge No.1 were placed 100 feet down from the inlet end. 
Two ;l{a-lnch holes were bored in the pipe symmetrically so that the 
two piezometer tubes pointed like the branches of the letter V. 
Each tube contained four pressme holes neutral to the current. 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. Piezometer No.2 was thrust ? foot upstream 
from a small leak hole in the top of the siphon 25.1 feet above the 
outlet. The gauges at both ends of the reach of 717.7 feet were water 
columns showin&" in graduated glass tubes. Velocities were deter­
mined by color tlllled from neal' gauge No.1 to the outlet in an open 
ditch. 

No. 17.-Experiment 8-125, 16-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 canal skirts along a contour on the north 
side of San Fernando Valley, in southern CaliJornia. From this 
cfUlal steel pipe lines of various sizes convey irrigation water down 
the relatively steep slopes to the floor of the valley. Lateral No. 20 
is typical of these pipes. It was rolled of 10-gauge steel, in shop­
riveted units mostly 20 feet long. Both lon~itudinal and girth seams 
are in double rows of flathead rivets. The mterior heads are hardly 
noticenble when buried in a coat of asphalt dip. This is clnssed as 
cylinder-joint pipe but for relatively thin sheets, any shoulder oH'set 
is nicely tapered by the flow of the asphalt. This is reiiected in the 
high 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-31694.3 feet. A few gentle curves oc­
curred in the plan view. In profile the line was 011 continuous down 
grade. PieZolneters, neutral to the flow, were thrust through 7f6-inch 
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holes bored in the pipe line. Pressure tubing connected tha piezom­
eters with mercury manometers of the U-tube form. Velocities 
were determined by timing color injected through a hole 1 foot from 
piezometer No.1 and observed in a white-lined pan by withdraw­
ing water at gauge No.2. The whole line under test being on 
down grade, there was no obstruction caused by accumulated sand. 
The results 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 8-120, 17.8.5-inch riveted-steel pipe--Orange Blossom 
siphon, Oakdale irrigation district, California.-Capacity +15.5 per cent 

Water for il't"igation is conveyed across the Stanislaus River, 
between open canals, in a siphon pipe of riveted steel. The total 
length of this pipe is 1,192.8 feet and the ma),..innun pressure head is 
about 25 feet. The description of material, riveting, and dipping 
given for pipe No. 31 (puge 69) applies to this line also. At the time 
of the test sufficien t water was not available to run the line to capacity, 
and gauge No.1 wus placed 98 feet down a steep slope from the intake 
end, at a point about 6 feet lower in elevation than the water' in th~ 
outlet ditch. This gave assurance that the siphon would be full and 
under pressW'e at piezometer No. 1 for all f!mvs that might be 
avuilable. 

Piezometers for gauge No.2 were thrust upstream into the pipe 
3.2 feet from the outlet enel. Both gauges were of the water-column 
type, in graduated glass tubes. Velocities were determined by in­
jecting potassium permanganate color solution, into the line at gauge 
No.1 and observing the color where the pipe discharged into the open 
canal. Five observations were made on this line, the maximum velocity 
possible being only 1.6 feet per second. For this v-elocity the total 
loss of head WIlS 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 appreciable 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. .~ 

No. 20.-Experiment S-122, 17.85..inch riyeted-steel pipe--Birnbaum pipe line ~ 
Oakdale irrigation district, California.-Capacity +5.5 per cent 

About 1 mile west of Oakdale, Calif., irrigation 'vater is conveyed 
from one open cl1nal to another at a materially lower level by means 
of u compound steel pipe. The first reach was 34 inches in diameter, 
2,600 feet long. At the lower end a T connection led to a straight ~ 
continuation of the line by it 20-inch pipe (No. 22) and a line at right 
angles, 18 inches in cliam~tel' (No. 20) on which this test was made. ~, 
T~lis Line is perfectly straight in both plan and profile. The outlet 
is it foot or so highor than the intnlm end. A pressure head of about 
20 foet is available at tho intake. Inside dil1metel's were determined 
hom measurements of pipe sections Temaining in the pipe yard. 
Color vms timed from a point near the intake, where it was shot 
with a pressuro gun, to the outlet of the pipe line in an open ditch.l 
The reHcb was 1,532.9 Joet long between piezometer holes. A mer-
ClU'Y U-tube Wilt; used at; gauge No.1, while a water column was 
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sufficient at gauge No.2. Conditions for experimentation on thisline were excellent and the results are particularly satisfactory foruse in determining the coefficients for suggested formulas. 
No. 22.-Experiment 8-121, 20-inch riveted-steel pipe-Birnbaum pipe line,Onkdale irrigation district, California-Capacity -9.5 per cent 

This reach was part of tbe line describ~d as No. 20 and No. 31.It was perfectly straigbt and as previously stated was a continuationof the 34-inch pipe. There was practically no slope 0f the ground sur­face and the outlet of the pipe required (1 slight rise into a concretepool of an open canal. These conditions would contribute to theaccumulation of any sand that came out of the upper canal andp1'0bllbly account for the low capacity. It was not feasible to with­draw tbe water from the line and examine the insid(l. Elevenobservations of velocities ranging from about 1.6 to 5 feet per secondshowed very consistent results wben plotted on logarithmic, paper.The computations were made using the obseITed velocity and loss ofhead and a pipe size which was assumed to be the same as the avemgeof measured samples in tbe yard. If tbis line was obstructed withsand so as to make its eH'ective size that of a 16-inch pipe, the valuesof the eoefIieients are consistent lind near those found on the othertwo parts of the Bi1'llbaum pipe line (Nos. 20 and 31). 
No. 31.-Experiment 8-123, 34-inch riveted-steel pipe-Birnbaum pipe .line,Oakdale irrigation district, Cltlifornia-Capacity +8 per cent 

This test of this pipe was made on a reach 2,035 feet long) in twostraight sections joined by a curve through about 45°. Piezometersand gauges at both ends of the reach weJ'e identical. Holes ~dnchin diameter weTe drilled through the pipe at points correspondingclusely to 10 and 2 on a clock dial. Piezometer tubes, each withfour openings, neutroJ to the current, were tn.rust into the waterprism. Pressure tubes led hom these piezometers to mercury gaugesof U-tube form. A line of levels and another of check levels deter­mined the elevations of the gauge zeros in the gradllated glasses.Velocities were determined by tinring colo.r, injected through one ofthe holes at gauge 1\o. 1 and observc(ljn a white-lined pan into whichwater was drawn at gnuge Ko. 2. The beginning of this pipe extendsdown amorlerate slope from the canal to the flat. After a few hun­dred feet the slope is quite gentle but enough to carry sand into the20-illch pipe. Two inside diameters were measured in a sample piperemaining from construction.
This pipe line was 4 years old at timP, of test. It was made of12-gauge metal, joined wjth flathead rivets-a double staggered rowlongit1lCUnally und it single row roundabout. When double dipped

ill 11 thick coat of asphalt, flat rivet heads nre quite well mCtsked.Thore is littlc obstruction at the lapping of adjoining plates, when ofthin metal. The values of I{.=O.339 and oj' 0/0=]27.2 agree quitedm:lcly with the valu.cs fOllnd on the IS-inch pipe of similar construc­tion [c!lding ofr from thc 10wc1' cnd of this pjpc. (Ko.20.)Thl) topogrnphy is such that all SiWe! or sil.tflowing into the pipehom the cHIlnl nbovc would accumulnte jn the f1ut-grude outlet pipojthat is, in the 20-inch pipe described us No. 22. The retardationfactors found show thi.s to ho,ve been the condition. 
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No. 33.-Expcrimcnt 8-124. 36-inch rivetcd-steel slip-joint pipe-Lindsay­
Strathmore irrigation district. California-Cllpacity +0.5 per cent 

Water for irrigation in the Lindsay-Strathmore irrigation district, 
California 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, senmeci with tapel' 
joints and flat-head rivets. The outside is w:rapped with asphalted 
paper. The length of this pipe is about 1,200 feet hom pump to 
outlet. Tests were made for five runs of water nt velocities nmging 
from 1.6 to 6,1 feet per second. Piezometer No. I, was thrust into 
the pipe tlU'ough a '{a-inch hole locate? about 3~0 fe~t from the 
Venttu-imetcr at the lower end of the line. At this pomt the pres­
SUI'(' head was 162 fect, yet the small bmss piezometer tube made a 
tight connection with the pipe shell, being held by taper and friction 
alone. The preSSlu'e head wns observed in !L mercury manometer of 
U-tube type. A second hole near by WliS used for the injection of 
color by inserting the nozzle of the color gun and pwnping up the air 
roselToir until a preSSLU'e of 100 pounds was indicntcd by t{'st \\ilh an 
automobile-tiTe gnuge. This pressure in t.he gun wus enough mOr'e 
than that in the pipe line to shoot the color into tho flowing wnter 
prism ,dthout difficulty. Piezometer No.2 wns extwtly like No.1 
nnd wns inserted through the shell of the pipe 8 feet above the outlet 
in It concrete flume. '1'he color was observed as it poured out from 
the pump line. The view in Plate 2, A shows the condition nt th..is 
outlet eight yenrs after' the tests described. Gnuge No.2 was a water 
colulllll in gradunted gluss. The yelocity of the water as determined 
by shots of Congo red, was used in computing the results. Readings 
of the Ventlll'i meter indicated slightly higher velocities thlln' those 
indicated by the color. For most runs this difl'erence was less thlln 2 
pel' cent, but:in one it ,vas 4 per cent. 

These tests were made in 191\') when the pipe was 1 year old. The 
a veragc values of K. = 0,376 and Ow = 118.7 for the fotu' highest 
vplocities probnbly reflect, to a reasonable degree, the true condition 
of this pipe. '1'he long merctu'y column-more than 10 feet-used 
Jor .gauge No.1 required material correction for au' temperatures 
where the lntter \'a:l'led fTom 31° to 35° C. (From 88° to 95° F.) 
For the lowest \'Clocity in the pipe line the loss of head as determined 
from the top of the computed equivalent water coilltnn at gauge 
No.1 to the top oJ the actual water column at gauge No. 2-1ess 
than 0.2 foot-mi.ght well come within the zone of inIluence usually 
attributtLble to experimental errors, 

No. M.-Experiment 8-112. 36-inch lap-riveted plate steel pipe-8ookc Lake 

w.ater supply. Victorhl. British Columbia-Capacity +5.6 pcr cent 


Watel' is conveyed to the ci~J of Victoria from Humpback reservoir, 
by a steel pipe 56,667 feet-long, of lap-riveted plntes five-sixteenths- < 

inc:h thick for 20,137 feet and thl'ee-eighths-inch plate fol' the blLilll1Ce, 
The pIa to ,vns made by the open-hearth process. The rivets are of 
exlrfl.,-sofL steel. The pipe units are of 4-plate lengths, giving Sec­
tions abou t 22 feet long, Each unit was clipped in hot asphaltic
compound. . 

In un" It test was conducted on a reach of the thl'ce-eighths-inch 

plate pipe 5,330.2 i'eeL long llnd ncar the upper end of the lino. In 

profile this rcwh was q uile sinuous, having se\'on sags with ill'ain 
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valYes and seven summits with air valves. In plan view there were 
four curves agbrregating 152°. Piezometer tubes for gauge No. 1 
(four holes in each) were thrust into the pipe through three-sb::teenths­
lnch holes 890 feet from the dam at positions cOlTesponding to 10 
and 2 on a clock diaL Piezometer No.2, at the end of a long 
straight reach, had only four holes in a single tube. Both piezo­
met(>1'$ were attached to mercury manometers of the U-tube type. 
Quantity was determined by readings at 5-minute intervals on the 
Ventmi meter at the pipe inlet from the reservoir. 

No. 63.-Experiment 8-134. 62-inch cyli"nder-juinted lap-riveted steel pipe-­
Gage Canal. Riverside. Calif-Capacity +9.5 per cent 

In 1924, wooden box :flume No.9, com-eying irrigation water was 
replaced with a 62-inch inverted-siphon pipe of five-si.'deenths-inch 
steel plate wrapped with a protective coating and brush painted on 
the inside, after erection, with two coats of asphalt. The same year, 
a single t(>st for loss of head was taken from inlet to outlet pools. 
The differencc in elevation between the two pools was determined by 
a double line of lcw·.ls and the velocity was determined by tinring 
a shot of (;0101' (potassium permanganate) throughout the 1,123 feet 
of length. This test indicated the pipe to be in excellent condition. 

NO'. 76.-Experiment 8-129. 84-inch riveted-steel pipe--Pens\ock. Wise power 
plant. Pacific Gas & Electric Cu.• near Auburn. Calif. 

,Yat(>l' for power and later for irrigation serves the Wise plant 
through a conduit of various types in the following sequence: 

(a) 1,362.5 feet of 96-inch wood-stave pipe. 
(b) '1;15.(j feet of tUllnel. ' 

(el U25.3 feet of 84-inch lap riveted steel five-sixteenths-inch plate. (Includes 


a Yenturi tlwt<'r.) 
(It) l~G f("ct of 84-inch lap-riveted steel three-ei~hths-inch plate. 
eel 7St} feet of 84-illCh butt-strup steel three-eighths inch plate. 
IfI 878 fcpt of S·l-incb hlP-riveted steel three-eighths-inch plate. 
({J) 78S feet of l:>4-inch lap-riveted steel seven-sixleenths-inch plate.
fit) 750 f('et of 84-in('h hlP-riveted steel three-eighths-inch plate. 
ti} 2M feet of 8~l-illch butt-str!LP steel three-eighths-inch plate. 
(j) 822 feet of 84-.inch butt-strap steel seven-sixteenths-inch plate. 

The a,bove sections were. followe1 by tapering s~ctions .aggre~fi:ti.ng
1,3G1.5 .Icet. All the lap-nveted plpe was made WIth cylInder ]omts. 
Soon Iiftor completion of the conduit in 1917, tests were made by the 
company on reaches approximating sections g (No. 72, p. 112); h, 
(~o. 73, p, 112); and i audj combined (No. 74, p.112). The retar­
cltltion factors lor these tests mny be taken as holding for a new pipe. 

Two veal'S In.t,er the '\'Titer conducted a series of tests on a reach of 
pipe 3,G"OG.2 feet long, extending fwm the VentUli meter over sections 
c, ell f, I, {J, and part of h. In plan view the reach is quite straight 
but it contains 10 major vertical angles, ,'vith 10 air valves and 1 
blow-off. Dill'el'ence in elevation between gauge points was deter­
mined by a checked line of le\Tels. :Mel'cury U-tube manometers 
were lltta('hed to piezometers thrust tlu'ough the pipe into the water 
pril',m. QUllntity was measured by the Venturi metel'. From these 
datll the loss in head WIlS dctermincd. 

TIl(' Ol'iginal cOILting of this penstock was a graphite paint, applied 
w.ith brush. ~odular tubercles quickly formed, each with a pit 
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underneath. In comparing the two ~ests, values for the combined 
reaches y, h, i, andjlisted as No. 75, are used. The 1919 tests indicate 
that the line had deteriorated about 14 per cent in two years. This 
decrease became so marked in 1923 that the company cleaned the 
interior o[ the penstock with a sand blast and painted it with tWOi 
coats of red lead (21). 

At the age of 2 yem'S the capacity of this pipe had decreased from 
an excess capacity of 3.4 per cent, as noted for No. 75 above, to a ~ 
deficiency. 

No. 80.-Experiment 8-128, 132-inch riveted-steel pipe, cylinder joints-Dead­
man siphon, Los Angeles Aqueduct, California-Capacity +3.3 per cent 

On the Los Angeles Aqueduct there are 13 inverted siphons of 
riveted steel and 8 oC concretc. These siphons range in diameter 
from 7;72, to 11 fcet. Experiments for loss of head were made on 
Deadman siphon, near Saugus, in 1919. It \vas 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 feet in diameter, of plates from one-fourth to one-half inch thick, 
with girth joints single Jiveted and longitudinal joints double riveted. 
The pipe was constructed with in-and-out or cylinder COUl'Ses. 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 
hydrocarbon oil, residual from the manufacture of gas from Cali­
fornia asphalt oil. This coating penetrates rust and rust scales on the 
metal. 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 reach of this pipe is concrete. About 20 feet below the I 

tTansition (in foreground, pi. 3, A) between the concrete and steel, 
holes th.ree-si:deenths inch in diameter were drilled through the steel ~ 
shell at positions corresponding to 10 and 4 on a clock dial. Through 
these holes piezometers were till'ust and connected by a manifold to 
gauge No.1, 11 mercury column of U-tube form. Near the outlet a 
similar lllYou t of piezometers led to a water coiu..mll. Practically all 
the steel portion of this siphon was included in the test Teach, a dis­
tance of 3,324.5 feet. (PI. 3, A.) The reach was stl-fLight in plan 
vIew bu t included seven Yel'ticru angles, each of which was less 
than 20°. 

During the tests chlLDges were made in the flow, for the pUl])OSe of 
producing seyerol velocities, bu t the final range of velocities was not 
wide. VeloC'ities were determined by timing color, shot from a 
pressurc gUll into the pipe line a few feet upstream from gauge No.1, 
nnd observed through a manhole in the flow line just at the outlet 
end of the siphon. In order to detect the color 11 white dinner plate , 
WIlS suspended by four wircs just below the surface of the water, and 
was lighted by a beam of sunlight l'eflectecl from a small mirror. A 
survey pady furnished by th(' Los Angeles deportment of water 
supply ran two lines of levels across the valley between bench marks 
llcar Ule gau~es while the observations were being taken. '1'he tests 
indicated VILlues of K.=0.460 or O,c=102.5 for this line. It was 
designed with Uin tho Cbezy formula eq ulll to 90. '1'he average ,; alue 
of () was 11 1.7 when the pipe was 7 years old. 
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A...·l)enrlrnnnSiphon, Los Angl']l" A"u(l<llIc~ (l'iIK' No. HO). Ith·ol(.d stel-I !"ylinder jOi,\[s, 11 feeL In 
ciiuIIINf'r. C'OfiYflY" wnlpr for irrigatio(l und dtmlt'stie usc~ 

n,-A 2()·lndl 0, lJ. pip... coupling jOints continuous interior, dn$s 3 Pl-nstCl'!k, Colorado Springs 
mllni(-illlli POWl'[ pltlllt, Colorndn; Plllt. No. 312. 

C.~J)ouble buLt strup pll)<'. A -IS·in('1I pill<' of hen\'y plnte helng cleaned by SllIHI blns~ buforu couto 
ing. Noto six rows of rivot hends on atralght scams lind Cour rows Oil girth SCllmB. 



PLATE 4 

\ I d,!,·dl ",<j.r :.,:",,'l- ·,',f fl'tPi!" ",.". l'I~·':i·tltl!ld\\rtn\-'h· 'H\",fW;': 
H ~~l.nl,! ,k. \\ .~.,}\ ,1' \ l·!Oh r. i ~ :;It ,to ":11, 1,,1\\., !1"III'!l ( tHd -i,dlftTI' 

! "l{rt,l n. l fa ;:,~;. .,1,. f,.,. ,t. tt~d .\ l1i.ii·\\,ld .. d ptpt· :!ii wd\!' .. Hi til :I.!ll'tl'r, 

l'qH' '''t!. ,11 1,,:.11' l,l llt"t' q !.f itI. PJr\t'>. 
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THE FLOW OF WATER IN RIVETED STEEL PIPES 

No. 8J.-Experiment 8-115, 14-(00t lap-riveted steel flow line, Ohio State 
power plant. Fremont, Ohio-Capacity -10.6 per cent 

Water :for pOwer purposes is diverted from the Sandusky River 
and carried 2,861 feet through a 14-foot steel pipe to a large fore bay 
adjoining a low-head power plant. The pipe is almost straight in 
both plan and proiUe. It is fo~med of plates five-sixteenths inch 
thick, cylinder-joilltl'd III lings 6 feet 8~ inches long. At each girth 
joint is a stiffener ril1g of 4 by 6 inch L-section riveted to the pipe, .As 
an additional pl'ec!tl1tion, he.'avy H-section sted members hold the 
pipe in cll.·cular form. A capacity test was made on a J'each 2,824 
feet long from a point 27 feet from the pipe intake to a point 20 feet 
above the rOl'ebtL~T pool at the power house. Loss of head was found 
by detcrmining the difl'('J'enc(' in dcvn1ion betwcrn a water column at 
the upper e.'uti and a melTuJ'Y U-1ubo column at the lower end. Both 
gaugcs W(l1'O of (lllgine-diyidcd lnanometer tubing. Velocity was 
det(,l'J.ulncd by 1imiug eolor from gt1Uge N"o. 1 Lo the pool at the 
outlet. 

GIUTH.jUVETED PIPES . 

(See Pp. 113 nnd 126 In nppen(!ICCIlJ 

No. 216.-Experiment S~-116. 36·inch 19ckbar steel pipe·-Rattlesnake sjphon, 

Spring Drook Water Supply Co., Wilkes.Darre. Pa.-Capacity - 21.9 per cent 


\Yatf'l' for dOI)lcstie purpOS(>!:l is ('onyeyrc! tL('ross Rattlesnake Hollow, 
11 few OIilf's fromWilkf's-Bul'l'(l, in a stl.'{'l iU\~el'ted siphon pipe con­
~leeti[]~ open ('Runl s(lC'lions on either side of the gulch. This pipe is 
nhuut 1,:321 f('(lt long uetwe0u inlet and outlet chambers. The two 
legs of tlw siphon are «(111le sleep, with au intel'Yening horizontal 
section. (Pl. 4, B.) The line is straight in plll.I1 view but includes 
nine n'l'tical bC'mls. Two sC'l'ies of c:-.periInents were made on this 
pipe at about the same limp; one by a party under the dil'ection of 
the WI'11,('1', and the otb('1' by tlw company's engineers. 

In the t('st lllildC' by the bureau the piezometers were tLll thrust 
into the wat('l' Heetion through ~;6-iuch }JOles in the pipe. In those 
m!tde hy the company H-in('h corporation cocks wore tapped into 
Uw ,,/wll of the pipe. The bUJ'('au's tap 1\'"0 . .1 was 45 leet from the 
intake (lilt!; [he <,ompauy's 0.:3 foot nearer. 'raps fol' No.2 gauges 
wC'l'e a feet nlHlYl' the outlc't. The pi('zometel's were spaced at ap­
PI'OXiJ)Jlltpjy ('qUill disltlllCeS IlIle! all w('ro connected to water-column 
gougps. l\('lutin' ('lpvlLtiolls acl'Oss the guleh we1'e dete.rmined with 
n Y-Iov<'[ nnd elt('ckt,d by pi('zolllder readings with a V('locity ap­
pl'OXinHlliJlg' sllilie conditions; 1bat is, it yelocity of but 0.258 foot 
P('1' second. This wi<wi ty ('Il\lHOc! a loss 01' head of 0.014 foot jn the 
piezorn('ters. \'(·lociLi('s d0t(ll'mined by tUning color injections were 
acceptt'(/ us CO[T(,t'L 1\. suppressed \\'('il' 4.UU foet III ('rest length was 
ava.illlhJ<" but [hc yplocily of Ilpprouch causpd such a tUl'bulent 
condition tJmt tlIp \\'('i[' wit;; tnhn IlS Il rough dwclt only. In all 
P!lses tlw color in</iclt[n;i ])]()l'P flow than that computed 1'01' the well'. 
The.' di(]'C'l'(lncp Will' H(,('Ollntpd for by tlw uJl('omputed extrll flow over 
Uw weir 1'(ltHd.ting fr'oll! tlw in(/('lt'J'lllinnt(' approach \'r10C'ity. AHer 
the but'NtH's lipid purly hlld tes[('d sllc·h llows us could be IlIade 
(~vujll.lbl<'l the gaug(ls W('['(' [lIl'1wd 0\,('(' to the Wfl.tl'l' company engineel."s 
who !>eclll'cd It I(lw ndditiolHll l'uns, 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 
separate 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 depru-ture from nonnal capacity that is possible under 
certain conditions. An invel,ted 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 I'ather steep hillside, 
and this pipe was found to contain a coating from one-eighth to one­
fourth in<.'2 thick of a slimy algre growth. 

No. 216a.-Same line as No, 216 

At approximately the same time the tests described above were 
made the engineel"S of the Spring Bl'ook Watel' Co. conducted an 
independent series on about the same reach of pipe. Their tests 
induded runs at velocities from 0.26 foot per second up to 4.57 feet 
per second. The results at velocities below 1 foot 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 field party. 

CONTINUOUS.INTERIOR PIPE 

[SL'C p. Hi In J\ppendLt 11 

No, 30S.-Experiment S-126. S-inch (outside diameter) bell-and.spigot joint 
steel pip~-Lateral 21 from Chatsworth high line. Los Angeles water supply, 
California-Capacity -- 6.1 per cent 

This pipe is part of the network of steel lines that ilTigate Ban 
Fernando Valley, within the city limits of Los Ang(\les. (See pipe 
No. 17 p. 67 for details of operation of these lines.) The nominal 
diameter gi \'en is the ou tside diameter, the inside being 7.689 inchE's. 
'rhe interior ("oating is a cOllI-tar dip. Field joints are of the bell­
and-spigot typ(', made tight with neat Portland crment calked into 
the joints.

The linc is straight and on a continuous dO\vn grade, and regulated 
by n vnlve at the outlet end. A rench 585.8 feet between the intake 
and a branch line WitS selected for test. The upper' gauge was It water 
column in graduated glass and the lower gauge a mercury column 
of the U-tubo type. Both piezometers were thrust into the jet 
through small holes bored in the pipe shell. 

Y('loeity was determined by timing color, shot into the pipe tlu'ough 
th{' hole bored for pie:wmc·ter No.1 and observed by withdrawing 
wal.{'l" inU) a white-lined pun at gauge No.2. 

This pipf' wa" 3 Y('llrs olclnt time of test. A compllrison with new 
{'xperimNltal pipes of this type will be found uncler Nos. 302, 304 and 
310, pllgeH 117 Ilnd 118. 

No. 313. ~26-inch welded steel pipe. Municipal supply, Marin municipal 
water district. California (166)-Capacity -2.7 per cent 

In 192(\ u. fu]]-wE'ldt'd stf'el pipe was laid from Alpine Dam to serve 
several municipulities Mill' the eoast of l\farin County, Calif. One 
yell.r lawr How tests werc made OIl division No. I, a very crooked 
section from the dam to Pine :Mountain tunnel, & distllllce of 18,400 

I 

I 

, 
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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 
an 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 join.ts were painted 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 seCtiOIlS; 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 circles. 

Two flow tests were made by J. S. Peters, chie.f engineer for the 
district. The third test was made some five months later by Mr. 
Peters and the writer. For the low flow, the two ends of the line 
were j list submerged. Quantity was measured over 8. well-constructed 
l'erttlllgular steel weir, 8 feet long, with end and bottom contrac­
tion distances more than 3h. The white-tiled pool above the weir 
was quiet and without appreciable velocity of approach. An accept­
able float gauge showed the head on the weir crest. The outlet end 
of the pipe cLischarged heely into the tunnel seetiQn. The loss of 
head was computed from gauge readings and checked field levels. 

The great length of line, compared with the diameter, makes these 
tests of unusual value. The second test was made by subjecting the 
iniC't end 01' the pipe to the full head of water in the reservoir, some 
77 feet, and by-passinO' the weir hOllse through a Venturi meter, 
('quipprd with a recording device. As there was an unknown loss 
of h('ad fl'Om 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 
mercUl')' U-tube column was erected on the line 935 feet below the 
Venturi meter. For this run, it was found there was a loss of 23.4 
veloeity heads5 (for the velocity of 5.47 feet per second existing in 
the 26-i(wh line), between the reservoir surface and the upper end 
of the 2!3-inch line aL the weir house. The second test by Mr. Peters 
was then corrected for a loss of 23.4 velocity heads for the velocity 
of (i,04 feet per second ill the pipe line. These two tests each cov­
ered it period of one hour. The data were then on a comparable 
basis for all three rUllS. 

These t<,sts may be r.ornpal'ed directly with those made by Mr. 
Kempke'Y on the Gordon VaUey line (No. 162, p. 123) as the pipes are 
similar e'xeept that the 26-inch line is slightly larger and very crooked. 
They w('reUl.ade' by the same organization at about the same time. 

CORRUGATED PIPE 

No. 600.---8.88-inch experimental line. Arlington, Va. (182, 183)-Capacity+3.6 
per cent 

rn 1!)1 i D. L. YI1rne]] I senior drninage engineer of the Division of 
Agl'i('ult~ral EI~gineerjllg, c~)llducted tests of. flow through draint,ile 
and nOIlullal 8-l11ch and 10-illch corrugated pIpes. Detailed descnp-

A'.rhts term Is used to nxpress locnl lo!lSc.~ througb gratings, chambers, valves, VenturJ meters, etC. gen·
emlly rOUlld !l~ the Intuke ormunlcipul pIpe lines. For emmple if the predominating velocity in the pipe 

conneotlng tbo "spaclrus" Is 8 root per second, tben the velocity bead ror 8 reet is 8':!ii-I foot nod if tbe ag­

gregate 105.'1 is tukell tl:! 5 root Or determined to be 6 root tben tbls 101)5 is e:<pressed 118 flv!! velocity beads 
and tile losses for (LOY oLher lIow w!ll BPproximate tbe sume number of velocit.y heads for tbe velocity gon·. 
eru~ by tbat !low. 
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tion and photographs of test methods and equipment were reported 
(182). One hundred and forty-seven experiments wel'e made on the t 
two sizes of con-ugated pipe, but onI.}" dueo runs, on tbe nominal 
8-ineh size, were made with the pipe running full. Elements of these 
tests are found in (183). 

In essentials the layout was as follows: A straight reach of 200 
feet was laid in earth placed ill a wooden .flume, so arranged byscrew 

Ilifts that the slope could be (·hanged. The screws allowed delicate 
adjustment so thttt the even values of II given in Table 3 were adu­
ally attoined on the hydraulic gradirnt. The pipe uuits were held 
together by metal bands. Water, Sll pplied by an 8-inch centrifugal 
purnp, was measured over a 90 0 V-nokh weir. Internal diameters 
were determined before units were IILid. 

For fi()ws in both 8-inch and 1O-ind1 sizes at various depths less 
than full, the values of Kutter's n obtained covel' a wide range, but 
the predominating frequency of values from 0.019 to 0.020 indicates 
that a value of 0.020 is conservative for conditions approaching the 
ideal) as in these laboratory tests. 

COMPOUND PIPES 

(See PP. 121 and 1.."6 ill appendices] 

No. 154.-Experiment S-133--64.2-inch (average) riveted steel pipe-River 
siphon, Bitter Root Valley irrigation district, Montana-Capacity+14 per 
cent-Without allowance for time deterioration (because of polishing veloci­
ties) capacity+2.1 per cent 

lITigation water is ('ouyeyed across the Bitter Root River, between 
open canal scdions) in a steel siphon pipe of varying <liameters as 
listed in Table 2. 

The l'('a('h tested ",,-as 5,362 feet long, which <lid not include the 
first 287.5 feet of the 7I-inch pipe at the intake end and 4.2 feet at the 
outlet end. The long .reach) eombined with a high velocity through­
out, made the ('xperiment of f?reat value, results being but little in­
fiueneed by unavoidable expenmental errors. Both piezometers were 
inserted into the water prism tlll'ough ;is-inch holes bored in the side 
of tha pipe. Even wilh this precaution, the water entered the siphon 
in su(·h n. turbulent condition that air was very evident at O'auge No. 
1 uotill'ellloved from the pressure tubing leading up the hill from the 
piezometer tap to the graduated f?lass. 

This was a('complis]wd by an all' trap placed just outside the steel 
pipe and mil.de as follows: A glass V-tube waS inverted, with one 
short leg eounected to the piezon:teter tube outside the siphon and 
the oth(,(' short leg leading to the water-column gauge glass. The 
verti('n.l l('g of the Y was ('onneeted to the. color gun, whi('h was used 
as an air ('hamber. Bubblrs of air fin<ling their Wily into the piezom­
et{'r tube, as('ended the glass Y into the Ilit· eluuuber, leaving a 
eolumn of solid water in the preSSllre tubing between the siphon and 
the gaug('.

If ail' b1lbhl('s arc allowed to remain in such a water eolu01n, the 
incli(,llt,pd I'lpYlLtion of the top of the column is ('1'1'0)1('0 liS. 'Vhere 
mtwh nil'is l'lltmilled in nline being tested itll the bublJlrs can not be 
('xpell('d .from tll(' watet· ('OlUWll by blowing oIl' the gauges. A ('on­
tUlllOUS strellJll of bubbles ('omes "along with the water, so that at 
any time the blow-ofl'is closed th:l column between the gauge and the 
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piezometer is still filled with a ('ombination of air and water. How­
ever, with Il trn:p surh as that described, H is ellsy to secure It water• rOiUll1ll frep or air. 

The lLV(>mg(> v0iocity through t11(> siphon from gauge No.1 to the 
outl(>t WI1S d(>t(>rmirJ(>d by the injertion of fiuorescein at tap No.1 
w11i('h WIlS obs(>I'Y('d in th(> C'HIlIlI at the outl0t of the pipe. The 
quantity, (2, was found by using t1w continuity equat.ion, Q =.A V, 
wl1(>1'(.' A is the weighted 11V('l'ag(' ('l'oss-sectionlll al'ell of th(' pipe 
through which the colo!" pass('s und T' the lwerllgc velocity. The 
total loss of head for the l'eal'h tested amounted to 37.0 feet. Just 
how much of tIli:;; was lost in the dilfel'ent sized reaches was not 
determined. 

No. 158.-Experiment S-103-S4-inch ann 90-inch riveted steel pipe, cylinder 
jointed, 81. Mary River crossing siphon, Milk River project, United States 
Bureau of Reclamation, :Montana-Capucity ~ 16.8 per cent 

Water for irrigation purpos€'s I;; conv€'.r€'d across the St. Mary 
RiveI' in an inverted sipholl pip£' of riveted steel. This siphon, 
hetwe('n op€'n cunal Brctiom:;, is ('omposrd of 1,432 f('€'t of 90-inch pipe, 
then a 6-foot tl'an~ition section to an k4-1nch pipe 831 feet long, then 
au €'nlal'~ing transition se('tion hack to a 90-inch pipe 9153 feet long. 

The pIpe liur i~ of th€' ('vlinckr-juint typ(>, with bewled edge plates 
haying double !'in't rows 'on the lOllptudinal seams and single rows 
(,n the girth seams. It was built unci('l' two ('ontrarts. rnder the 
first it was assembled in field seetlfllls and given one ('oat of water­
gas tar llnd two c'oats of ('oal-gas tal', 1 foot at each end being left 
without paint, so that 11nal rhreting w(luId be on uncoated metal . 
•\11 pE'(>led spots wprE' l'C'coated. Approximately the entire last half 
of thl:' pipe was ronstruded nnder the s€'c(llld contract. This portion 
of th(' liu(> was giypn thr(:'(\ ('Mlt:; of ('oal tar, ('ut with one-quarter its 
\"olump of watl:'l'-gao:; tal' and distillate. mi::-:.C'd in Pfjual parts. This 
('oat wns applied tlt boiling temperature with a brush. 

The- siphon was finislH'd in 1915. Two YNU'S late-r tests were made 
rtt two veIMitiE's. (hllge Ko. 1 wns attar'hed to piezometers at a 
point :3l;'j.R fN:'t frolll thi:> intnke. ('1ul of tht' pipe, 011 the first nO-incb 
s€'<'lioll. Gall)!;€' Xo. 2, atta('hed to similnrpi(>zomrters, was placed 
(Inly 0 fret abov(> til!' IIUtl('t end of tl!(' ."iphon, on thr s€'('ond 90-weh 
pip€', Tlw loss of h('ud WII~. dpte)'I)!inpd for a compcllUld pipe-two 
on-iIJch sediol!..S lit lilt' ('nel::;, j(lirl<'d by {i-foot tap(>l' sec-tions to an 
M-il1(·l1 1'el1('l1 cl'Os-1ing tlit' bridge above the I'h~er. The quantity of 
WU[!'l" was J1lN1SUl'ed with !1 CIII're'lIt. mpt<'t' in Spidel' Lake coulee 
tlllllH', jC)(,lli('d jllst brIow (11(' (lutld of tIl<' siphon pipe. 

Tl\(\ individual iosspsin thr \UricHI"; sizps of pip€' \\'(>1'r not deter­
minrd but th(\ totulloss ean 1>(' nHc)('atNI to eaeh pipe size, by using., the fitJ,CllC' VlUU(,S of f{. Itnd ('tc for E'1l('h I'lln of water . 

ANALYSIS OF THE EXPF;ItlIVIENTAL DATA 

Th!' ('.:drnl of tlH' data 11m... Iwltilnble on mpaslu'cd losses of head 
for g'iYPll \'dociti('s, ill l'iy(\t,('(i-strel and ulllllogous pipes, wnrrants 
tilt' !t('('C'pliU1I'(\ of SOJll!' Ollt' or th(1 C'x,isting f01'lllulus of flow 01' tlw 
revision oj' (,Pl'tuin delll(>llts to Il('('ol'd with datil a('C'U1lltilUL€'d hont 
1l.('tlJnl rxpf'd€'fl(·(\. If the necessury j'cvision of elements is of moment 
a new fOJ'lllUi1t must be derived. 
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To avoid going over old ground certain generally accepted premises 
will be stated here and the argument taken up from that point. 
Literature (·itations will indkate where more complete discllssion of 
the premises can be found. The primary assumptions are: 

1. nw exponential type oj jormulctis prejerable to any other jorm.-It 
is fully understood that losses with.in most closed pipes, at velocities 
above Heynolds' critical velocity (142), i. e. at all "commercial veloc­
ities" require for the expollent of Va compromise value somewhat 
less than 2.00 (146,6/5,147, 173,151,16,180,183). A series of observa­
tions on a pipe, platted Oil logarithmic paper, with losses of head as 
ordinat(>s and wlo('ities as abscissas, ~ives a straight line whose slope 
indicatA's the expoll(>nt of V in formUla 14, p. 79. 

2. A compl£·ir statement oj the elements entering a jormula jar the 
los.<; oj head m1l8t include the in/b.lence oj temperature oj the 'Water in 
ajJectiTl(J i'riscogily (U/;, 18, 16, 8fJ, 133).-This influence is quite small 
and has g0n0l'1l11y be('n ignored heretofore, eepecially by Ameriean 
hyciraulicians, as the variability of other factors in the various 
fOl'mulas did not wurrant reflnement in tills one direction. In this 
bulletin wat01' temp<'ratur<'s were considered, where available. FinaL 
recommendations ar<' based on a temperature of 15° C. The last 
('oiull'1ll of Table 6 shows the correction necessary if any other tem­
perature is to be the ('riterion. It also shows that this correction is 
insignificant for aU tempNatures lIkely to be encountered. 

3. ('o/lsidNlltion oj viscosity most properly takes thejorm oj acceptance 
oj the two IIJ (lynamic similarity jor .fluid motion (142, 16, 133).-T11is 
1aw 6 is to the effect that fl'.ietionallosses in the flow of both liquids 

FD 
und o-as('s an' It function of --~- . 

•> V 

• Th('n' ul'Il!'<lt t" Ill' Ihr,'" ~.'n.·r,u wa~'s LI) apply the fact thnt resistance to flow in nil fluids is n function 
of" H('ynu\Ij,~' num!,,'r" \' /). ::'0 hr authorities nre in agreement. With this as a ba.~c, Pnrrr (1S9), for. 
Ill$t!lnl"', d.w.'\nps I'fm,tants Cflr ";Ir!OU~ kinds of pipes in ter= of Chezy's C, but this metbod yields 
vurillbl(, ""Iu(>;; "f C fl)1' lli/IN"IIL Vl'lo~ltles ill Lho same conduIt unless Lhe loss of bead varies as the square 
or thl' nlwHY, I)til.'f Eurol)!',Ht w:it('1'$ d.'vl'lop u billomlnl type o( formula using the ahove viscosit,­
Junl't1ull in Hill' uf till' tl'rm,'. 'I'h,. htl·,t Ilf thl',;O formulas as givell thl1 writer in correspondence by Erik 
Lind<luist (WIJ), uf ~tvckhulm, (0110W5: 

2gD$ -3- K 
-Vi -a (1+~ t:DB)(1+.,JlJ) 

wh~ro B ,lirntnJ~b~$ !1Il'! K in('f('M~S wIth thp roughness of th~ pipe.
Tlw I hlr,; W'l)" to nltllZl' tllpl:I\\' of ,iuuhrity vf .fluId tlow, and at tho sarno tlmo follow empirlcnl rOf.ults 

lIS illc!i('atl,,1 by (r;II'lIon"l pXII<,m'nl$, It,\., '",,'n chos~n by tbe writer, followIng tbe exb'lustl\'c stullies of 
lltl'g(,lrJ,cn (If".

If v"lues f,( til" etJU'Ill'lW; l'l"Ul~(', ,~i~ dai tord b,- somt' authorities, there docs not appear 1,0 bo Ill,- ~hange
thruu~boUt till' nn':l- I)f l{('~!Ivlll's llumiler (,o\,rnld in tIll' experimental data nvailubl~, IUld this rango is 
Suiflt\l'nt to .'n,,,,ml',"" all pn"l'Ilt prat'til'('. The euse of h;lndllng the CJlponentlnl rormuln, the dctlnito 
lit-ing [og.-ther of (he <'«WI,,'W- III ,.lg('hr;ul· form, '11111 the rclnth·e simplicity of trealmellt by ~llculus. in 
eef/nomlt'sttlllie', '111 (,nt"ur,'J:" til\' 11,.' "f [hn t'Xp1mcnlinl formuln rather than other t,-po:; whero "coo· 
~Ulot:l" !rf'nnly apprl)'lnt:lt~ly .."Il:ihlll or go lUUtly in Ilumber that almost unlimited datu wou\() be required 
to ".( fortI! (urmlll)S '!dillltl'ly for vtlriollS t~ltl'gurill$ US "i~ don(' in this publication. 

'rb•• r"tI"wlOg ,.r"UI1ll·nt. ",p;m,ktl alld rOIl\'crted to tbe notatioll usod ill this bulletin was otIered by 
B1ege!t'hNII ifi. p, ~ ,.,10 utiliw tl... IJw of flUid similarit,- tn terms of exponcnth,l rormulnsnlready accepted. 

(LI', ( • )'In btlS!c equ~t!on~. png~ 9, hl= .!J)g the general vnlne of/=a It]) hellce 

h, aC~)" (")('. )(V') (a).'VC,...)
J;~ "lqiJ - i ~ 2~ V~D' Jj - 2ii ])(1••) 

Substilulllll;Z=''''~ n)lh~lll t-n=2 z. ; =,1·,'0.111] n=2-,_ and by writing !j--l ~ the (ollQwing is obtained 
(or rhf' W1nAr 11 (.n up:;', fllj" .hl' "f1\\ Ilf ';" tIt r In I ircular du~("d ('ouduits. '9 , 
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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 

tlll'ee variables, which in order of magnitude are velocity, diameter, 

and temperature of the water. Within any given pipe, disregarding 

for a moment the viscosity, 


H=MVz (14) 

For a series of pipes of the same general characteristics but 01 varying 
diameters, the values of M follow the general equation , 

M= KD-z where x is negative. (15) 
Substituting in formula 14 

Vz 
H = K D'" or log H = log K + z log 17- J; 10gD. (16) 

This form has been offered many times, with various values of K, x, 
and z, depel1clin~ on the experience data available at the date of study. 
Thus fa!" ViSCOSIty has been disregarded but must be taken into ac­
couut in the del'lvation of a precise formula. Considering the vi~­
cosity 

K=mI'Y (17) 
Substituting in formula 16 

(18) 

The solution for H now appears hopelessly involved, there bemg 
three knowns v, D and V, and foul' unknowns, the exponents 1/, x, 
and z and the term m representing the internul churacteristics of the 
pipej but the law of sinillarity of fluid flow clarifies the situation. 
Converted to the writer's notation, Reynolds' classic work of 1883 
(142), may be stated 

(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 V can be determined and 
the other two exponents disclosed. The mass of experience data listed 
in Tables I, 2, 3, and 4 indicates the average exponent of V to be :1,9. 
Substitution in equation 19 above gives r 

mvO.1 yu
H=-fFl (20) 

For a working formula, considering vis('osity of water at 15° C., 
substitution in equation16 gives 

K y!'9
H= ._$ -- (21)

DL.l 

This is the wdter's basic formula No.9 from \vhich Nos. 10 and 11 
arc computed. Before the determination of K. the factors of equation 
20 should be considered as much depends upon it. It is not diHlcult 
to accept the relationship of the exponents of V and D Ets 11 con­
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sideration of some 25 or more exponential formulas offered during the 
past 75 years (listed in Table 5) indicates that the sum of these two 
e:A.-ponents has nearly always been found approximately equal to 3. 
Reynolds' work was done with tubes of small caliber. The opportu­
nity of checking his deductions came with the e:A.-periments of Saph 
and Schoder (146,147) onsmall brass pipes. Their values of z and x 
were respectively 1.75 and 1.25 the sum of which again equals 3. 
Blasius (18), following the work of Reynolds and Saph and Schader, 
proved the law of similarity but did not have suflicient data available 
from which to draw conclusions as to values of the coefficient, K, for 
various kinds of pipe. Biegeleisen and his coauthor (16) undertake 
a most extensive and careful analysis of the work of all previous 
authorities and show the mathematical correctness of equation 19. 
(See p. 79.) They then apply the e}..-perience of 1,761 gaugings on 
cast-iron pipe and fmd exactly the same exponents-1.9 for V and 
1.1 for D-cfounJ by the writer for the pipes considered in this bul­
letin. However, they found 1.8 us the exponent for V and 1.2 for D 
on a study of steel pIpe for which they had but little data, compared 
to that now available. 

TABLE 5.-Exponents in var'ious formulas for metal pi1les, based on the geneml 

formula [[=K ri:, and showing approach of z+x to a value 3.000 as first sug· 

gested by Reynolds 

No.i );'tllllO \ Year l_z_I__x_l_z_+:t_.I____K_in_d_o.f._P_iP_O___ 

1 I Chczy•••••. , .....................1 1775 2.000 1.000 3.000 General. 

1. 710 1.000 2.710 Cust iron. 2 i Snint·VenulIt .. •. ' .. '.... · .. --1 i~~~ 
1.802 1.250 a.052 Do.
; I ~~~ril~'i::::..:.: ..: .::::::::: IS78 2.000 1.000 3.000 Do. 

1.850 1.150 3.000 Old cast iron. 
2.000 3.000 Now cast iron. ~ .~~:~g~~:..:::..::::.::::.:::: {~ 1.000 
1.85 1.12i 2.977 Asphnlted cust iron. 7 ' Unwin............ ..... •. . ..... 1880
8\ Flnmnnt.. ...... . 1892 
 1. 750 1,250 3.000 All kinds. 
1.818 1.127 2.945 Now, asphalt coated. 9 'fulton............... IbU9 

1.961 1.2\l-1 3.2.55 Old, asphalt coated. 
1. 961 1.2114 3.255 Lap riveted. 
1. no L 180 2.950 Bare riveted. i~ '\' :~i~l~~::::=::::::'::· ::::::'::: :::! ~~gg 
1.740 1. 2.'iO 2.990 Various kinds. 


l~ ~~lm;~~~.{I.(i~~e;,.·. '::.:' :::::::i til8~ 1. 852 1.167 3. OlD All kinds. 

Iii 1 Willlum&........ " ....................1 19(H 
 1.870 1. 250 3.120 Do. 

1. 300 3.200 Riveted wrought iron. ~.ug I a.250 Clcnn riveted. t~ ·.~~~:;I~:::::::.::::::::::::::::j t~~ i:880 IU~l Gnlvanized.3.130 
10 ~loritz......... ............... 19t3 1.800 1. 250 i 3.050 Riveted. 

20 Ilicgolo!sen.. .. . 19t·1 
 1.800 1.200 3.000 Steel. 

21 ..... .10 I ............... ,... l(IB 
 1.000, 1.100 3.000 Cast iron. 

1. 092 2.887 Screw·joint, riveted. 22 Burnes....................... 11110 

1.372 3.270 Single riveted. 2:1 •••••do................. ...... lOla U~~jl


l:92!l .846 2.769 Double rivetea. 2.\ '! .....do........ ,.. • .lOW 
 1. 770 1. 27-1 3.G-I4 Smull black standard. 25 Olesecko.... ... 1917 
1.887 l. 151 3.03H WroUghL iroll.26 ('orp nnd Rubh' ... 1027 
1. 856 , 1.3·12 3. IDS Cast iron. 271 W~g!l1ulln·Acryns... lD25 I,up riveted.28 Flinn·Weston·Bogert... . 1027 1.D50 ! 1.250 ' !l.200 

lUveted steel and analogous. 211 Scobey 1................ ... 1927 1.000. 1.100 i 3.000 


-------~ ...~~--- .-~ 

I Note that 1,70[ observations gnve Bicgeleison, in lO[·I, tho snme elPonents for his formula for cast·iron 
pipa thnt thn writer found fnr riveted·stcel and nnulogQus pipcs, discussed ill this bulletin. 

In the writer's determination of 1.9 for z, the data were platted 
on logmithmic paper, H being used for ordinates and V for abscissas. 
(Fig, 3.) Observations manifestly inconsistent, when compared with 
others in the some series, were given aD roting (column 3, Tables 1, 
2, 11lld 3) and were not included in the analytical derivation of the 
equation of that series, nor were they considered in the comparison 
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of observed to calculated capacity or incomputiing average values of 
0... K., or m. For eachsenes covering r.ny mnterial .range of veloci­
ties the individual pipe equation was derived by the centroid method 
(152, p. 50) and listed in column 11, Table 4, which shows the average 
value of z for various types of pipe that may be listed and weighted
as follows: 

Average value of z 
Full-rivet!Jd pipe, 33 series_ - - ------ ________________________ 1. 9q2 
Girth-riveted pipe, 6 series________ ..________________________ 1. 950 
Continuous-interior pipe, 9 series ___________________________ 1.912 
Dredge pipe, 2 series __________________ - ___________________ 1.855 
Spiral-riveted pipe, 21 series________________________________ 1. 881 

Weighted average value for aU pipes __________________ . _____ 1. 900 

Not only is the general average value of z equal to 1.900 but also 
the value of z is 1.9Q2for the dominating type. 

'.rABLE 6.-Value8 oj /l0.1 (colu.mn 7) for u,~e in formula 20, pave 79, when the 
i1~fluence of teml!eratllTe upon water Insco8'ity i8 c!ln8id~7ed 

Kinematic vl~cosity v 
Viscosity I Density !Vnrln­

TemI>Crnturos I' p 	 .1 tlon In 
C. G. 8'. C. a.s_ I' 	 EI~giish Ivelocity.Column 5unlt& units --v 	 Vat 15°p +021).0:1 Bngllqh units .C=100 porC.O.S. 	 units 

units cent 

-
J e !J .1 5 (JI 7 8 .._---/ 	

---

Gr. ptr Sq.I!1/I.°C. 0 Ii'.I I Pou.. cu. e7n. per ~.(. Sq. fl. ptr Ree. Per ce-dlI 0.017021 0.99987o 32.0 	 0.Ol7\)2 0.00001029 0.3.177 -2.-14 3U.2 .015674 1.00000 .01567 .00001687 •:r.~32 -1.5to .10.0 .013077 •!);){)73 .01308 .00001408 .3272II 51.8 .012713 	 -.7.09663 .01272 .00001360 .3263 -.6l2 53.6 .012363 .000:;2 .OL"37 1 · 00001332 .325-1 -.5J3 65.4 .012028 .09940
14 	 .01201 .0000121)0 .3245 -.357•.2 .0117011 .09627 .01172 .00001262 .3:!:!7 -.215 50.0 .Oll401 .0!l013 I16 	 .01l41 .00001228 .3228 .060.8 .01ll11 .O!lSU7 .0111217 	 • OOCoOl107 .3220 +.262.6 .010828 •UOS80 .01084 .00001167 .321218 	 +.3M.4 .010550 •0!l862 .0.1057 .000011:18 .326310 66.2 .010290 .0!l843 .01032 	 +.4

.00001111 .319620 118. 0 .010050 .000S23 .m007 	 +.7

.00001084 .3188 +.82t 60.S .000810 •O!lS02 .00083 .00001058 .31S0 +.022 71.6 .000570 .0!l78O .00iJ60 .00001033 

I 
.3173 +.023 7:l.4 .000358 .Oll157 .00938 .00001010 .31652·1 	 +1.075.2 .OOOi42 •.99733 .00917 .(}()()(JOOS7 •:1158 +1.225 77.0 .008037 .0!l708 .00890 .00000\)&1 .315126 7S.8 .008737 .\19682 .0087f1 .()O()(JOiJ.I3 I 
.31-14 1.527 SO. 6 .0085-15 .00055 .00857 1 f3

.00000\122 · :1l37 1.628 82.·1 .008360 .09627 .0083g21) 	 • 00000Il03 .3130 +1.7a.1.2 .008180 •nor-os .00521 .()()()()()884 .312430 	 +1.S86.0 .008007 .0!l568 .00801 .0000080., .3117 +1.035 O.i.O .0072'25 .0\).106 .00727 .000001S3 .308640 	 +2.4104.0 .000560 .002'25 .00661 .OOOOO71l .305745 113.0 .005088 .W02.i 	 +2.0.00605 .00000651 .30ao.10 	 +3.4122.0 .005-194 .08807 .00556I I 	 .00000508 ! .3(J().1 +3.0 

While the list abo;ve fully warrants~he n.doption of a value of 1.9 
for z, at least as against any other I'olIDd-figure value, still it must 
not be overlooked that the individual values of z vary all the way 
from 1.73 to 2.14. The reason fm' low or high values of z has been 
discussed for 25 years. When Saph and Schoder (146, 147) found 
1.75 as a consistent value of this exponent for smooth brass pipes of 
small diu.meter it appeared conclusive that this value was related to 

62210°-30--6 
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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, 153) the writer has found many pipes with fric­
tional coefficients indicating very high capacities but with exponents 
of V in excess of 1.90. 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 increase as the capacity in a given reach of pipe 

deteriorates with age. Likewise old pipes, 
Sho'iro in Figure 7 to have decreased in ca­
pacity'irith age, would show relatively high 
values of the exponent z. To demonstrate 

2. I that there is nothing conclusive in this argu­
mentFigure 4 is offered, showing the values 
of z plotted against the age of pipe in years, 
with reIated gagings connected by light lines. 
The pomts disclose no definite trend. 

So 10ng as a wide variation appears in the 
exponent of V and this variation 
can not be rectified with present 
knowledge, a round figure for the 
exponent of V is all that is war­

.~ ranted. Hence, a value 1.9 for z is 
adopted as the average figure found 
above for several types of metal 
pipes. In formula 19, pa~e 79, 1.9 
is substituted for z, wmch gives 
tentative values for y and x, re­
spectively, of 0.1 and 1.1. The 
value of y=O.l could be much1.852 
changed, or ignored altogether with­
out materially affecting the formula, 
hence it will be accepted as part of 

1.8 	 the mathematical proof given on 
page 78. The value of x, on the 
other hand is of more moment. 
To test the tentative value of 1.1, 
Figure. 5 was developed by plotting 

o 5 10 15 as ordinates values of M as taken 
A'6e of pipe in years from the individual formulas in 

FIQURE 4.-l'l the exponent z is related to rough­ Table 4, column 11, and values of 
ne:m of pipe, then it should be greater for oldcr }.{' for such observations as were too 
p:""s. 'l'he diagram above does not show any
definite tendeD~y for an increase ill z with age few to yield an individual formula 
of pipe. Data for this diagram {rom Table 4, 
columns 4 and 11 	 (also from Table 4, column 11); 

and by plotting as abscissas the 
values of d. Lines at a slope of -1.1 through groups of points known 
to be good criteria 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 K. in the working 
formula No. 21. 

It WitS considered best to work toward round figures for values of 
K.', rather than accept necessarily round figures for,"!, and from these 



~ 

~ 
~ 
~ 
~ 
~ 

Values of M.'."ra 8 andM'o,p-from column II, Tap!e2 

FIGURE 5.-Logarlthmlc diagram showing values of M and },{'. plotted against values of d for test of the expo!1ent % !n formula No. 15 after theoretical nrgulllont discloses this 
exponent should be -1.1. (See page 82.) Slope lines for -1.1 and -1.l6l (WlIliIUllS-Hazen) and Cor -1.25 (Saph-S(lboder) are all given (or comparison. Points are connected
by arrows to proper c1ass curve 
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O'ct extended figures for X.' in converting from one to the other. 
]'01' th~ vuriom; subdivisions 9£ class I, page 12, the values of m from 
Table 4, column 14, were plotted as ordinates and shell thickness as 
abscissas. It WU'3 quite obvious thil.t there was B.n incref.Lse in the 
vulues of TIt with the increase in shell or metal thickness. The in­
fluence of sh('ll thickness was tabul!l.ted by LeConte (116, p. 549); 
(13,'1, p. 45(J). It was evident also that pipes of thin-gauge metal, 
with weU-buripd flathead rivets, offered less resistance to flow than 
lhic.k-phtte pipe~J having appreciable offsets between individual pipe 
I'ings and single, double, or triple rows of bold rivet heeds, t.hemselves 
curresponcling in sizo with plate thickness. 

The sek.-ction of values of X/, as given on page 12, was the result 
of careful weighing of the val'ious points in Figure 6, :finally supported 
by t1 compal'ison of observed to computed ca:pacities for val'ious basic 

Sheet and pla~o Ihickness in d~crmal of InCh 

FIGURE n.-For full·riveted pipes there Is a tendency of retardation coefficients to increase with 
thickness of plnte, largely bcc!;\use number and size uf rivet beads also incrCllSe with plate thick· 
rcss. PractICally now pipes inclimtod by dots, older pipes by open circles. Points connected 
by dashed Un's indicate range of piate thickness, within ,each tested. as listed in '!Cable 4. 
colUmn r.. p ,,(ted in tfrIllS of Tn, which inciudes vi6cosity influence. Interpreted In terms of 
J(/ for llse In working formula No.9. Heavy 110tizontnl iLnes, ending In arrow points. show 
range oC plnte t!r;<'!,ncss for each subdivision of C' <ISS 1. 'l'he vertlcnl position of these lines is 
clotorminecl by" round vnlue of J(/ co"espondlng to tbe piotted value of In at 15° C. 

assumptions of rounel-number values of X/ shown by lines superim­
posed over the values of m. The values of Ks used in the compal'i .. 
son, or course, 'were modified to include the age-deterioration tendencies 
shown in FiglU'e 7. It is to be regretted that the points make so 
sc!ttterecl a pattcrn on the drawing; the explanation is that there arc 
great intrinsic differences, due to the state of the interIor coating, 
the ext<~nt or sil ting, the amount of curvature, number of valves, 
and oth~r "speeill.ls," in pipes constructed under closely identical 
specifications. II/tel aU observations been made on pipes of presum­
ably equal interior surfaces, viLlues could have been determined 9Y 
the F,\,hod or least :;qllaros. Such values would have becn unassail­
able [l'om a lllnthematiciLl standpoint, but the writer is certain tho 
vfLlueH must he based on jud~ment formed from experience with pipc 
lincs known t.o bo typicnl, wl1ere conditions of experimentation were 
of the beHt. Individual valucs so chosen must then stand the test 
of eOlllpill'iHon in adjoining classes of pipe. The argument for the 
various clai:lscl:l follows. 

http:speeill.ls
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FULL-RIVETED PIPE 

CLASS In. K.'=O.3S .E'OR NEW PIPE 

[See p. 12 for class descriptiooJ 

It wns desil'able to lULYe \TnIues ~onser\"ativf'; thitt is, below ob­
served valnes where r,onditions were definitely known to be typical. 
For pipes of ('lass In, of she€'t metnI seamed :'dth ilathead rivets, it 
was lmowll that pipes 20, 31, and 33 fulfilled these c(lllditions. It 
was also 8vide[J t that the pipes tested by Hamilton Smith should be 
regarded in til(' same light, their capacities being slightly above those 
to be antieipu.ted in design. This was true because the velocities he 
found wE're quite high Rnd his descriptions indicate pol.ished mtt!riors. 
With these fads in mind a comparison of ob~~l'ved to computed 
capacities was made with three basic assumptions for values of f{,.' for 
new pipes and a temperature of 15° C. The values tested were 0.36, 
0.38, and 0.40, 0.38 heing finally adopted as conservative. The last 
column nf Table 4 shows the comparison between observed capn.cities 
ltnd thooc computed \vith a value of 0.38 for a new pipe, and the value 
of K. inereased aecot'Clillg to formula (22) for time deterioration. The 
irrigation pipes carrying wateril'om open canals atlowvelcci.ties nearly 
all show capaeit.ies below that called for by formula, because of bedding
clown of sand and silt deposit. 

The writer'S value of 0.38 for K,,' roughly corresponds with the 
vVilliams and Hazen Ow = 120 for 30-inch pipe 01' 130 for 6-lnch pipe. 
These values of e'D are from 10 to 20 points higher than they recom­
menel fol' steel pipe. Ho\\'ever, their discussion and data lead to the 
deduction that they had in mind plate thickness and rivets that would 
compare with rinss 1 b, discussed below. In !act they speak of but 
one class of steel pipe. This type of pipe is made in thfl smaller sizes, 
for which Katter's formula. is particularly un.,uitable. Jfor a 30-mch 
pipe the value of n. is about 0.012, while for a 6-mch pipe it is about 
0.010. 

CLASS lb. [(".'",0,0/-1 FOR NEW PIPE 

[See pnge 12 for class descriptioo] 

A study of Figure Gshows that Ks' = 0.44 is the round figure most 
acceptable for this group classification. In Table 4, column 15, it is 
shown that in most cases the observed capacity agrees very closely 
with the computed capacity. "Where thero is divergence it is gener­
itlly very wide. In some ('.il.ses the pipe descriptions disclose the 
roason. Genpmlly speaking the agreement is closer than was the 
CMo for claes la. This is reasonable because pipes of this class have 
been Llsed [01' llHlDieipal supply to a greater extent than 1'01' jrt'igatioll 
use whel'f~ there is greater opportunily for closure of the pipe by
silting. 

The va tue of J(',' "" 0.44 cotTesponds with reasonable (·losencss to 
the Williams-Hazen Cw'" 110 1'01' 30-inch pipe which diminishes to ... 1001'01' 120-im'h pipe. Thls group ineluded most of the experimental 
l·psults on which Williams and Hnzen l'ecommended their 010=110 
for new st(·1nl pipes. 'I'll(' ('ol'l'espollding \Talues of Kutter's n for the 
30-inch pipe is about 0.013, and lor the DO-inch pipe about 0.015. 
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CLASS Ie. K/-O.48 FOR NEW PIPE 

[See P. 12 for class description] 

li'igure 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. Thls is confirmed by extension of previous group coefficients. 

Thew:l'itel:"s value of K.' =0.48 corresponds roughly with the 
Williams-Hazen Ow = 100, a value that has been used quite extensively 
in the design of heavy penstocks. The corresponding values of Kut­
tor's n are from 0.014 to 0.016. The data mdicate that these are 
approximately COITect for such penstocks when new but less fn.vorable 
values should be used for the same lines when 10 to 20 or mOl'e years 
old. 

CLASS Id. 1(/=0.52 FOR NEW PIPE 

[Seep.12 for class description] 

'While there are few tests n,vailable for lines of this c1n,ss, this class 
neveL'theless indudes such pipes as the Jawbone siphon of Los Angeles 
Aqueduct !md will also mclude some of the large pipe lines now 
plannod, fOI' whleh a projection of the available data appears warranted 
until such time as more actual capacity tests on extra large sizes have 
been made. It is suggested that a value of K.' =0.52 be ac('epted 
t(·ntntively. This value agrees reasonably well with the Williams­
Hazen 0,0 = 95 [or a 10-foot pipe and Ow = 90 for a pipe 24 feet in 
diameter. The equivalent value of Kutter's n is between 0.017 and 
O.OlS. 

SPIUJ'lrltIVETED PIPg, EOR FLOW Wrl'Il TilE LAPS K,'=O.-H FOR NEW PIPE AND 
FOR FLOW AOAINS1.' THE LAPS J{/=0,48 

Yery extensive series of tests on short reaches of small spiral-riveted 
pipe as set up [or experimentation in laboratories are available, but 
no tests have been made on lines in commercial operation so far as is 
known, Appreciating the fact that the latter very seldom bear out 
results obtained in the laboratory, the tentative values of K. suggested 
indicate slightly poorer cllpacities than those shown by the points in 
:Figure 3, These tentative values are: For flow with the laps K/ = 
0.44 and for flow against the laps K.' = 0.48. These values roughly 
('orrespond to the Williams-Hazen Ow = 110 and Ow = 100, respectively. 
The values o[ 1(, resulting from tests on the smaller pipes indicate that 
to.utative 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 conservativej but 
it is to be noted in Table 4 that when the experiments of Ol'eve and 
1hrti.n. (lr() eonsid('rcd, the test values increase with the size of pipe, 
finally renching 0.46 Iorflow with the laps in an 8.1 2-inch pipe and 0.48 
in the so.nle pipe with the ftow agH,inst the laps. 

11; is sllggpstccl that the rifling effect produced by Lhe spiraled laps 
find rivet heads may set up 11 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 execs"" designed 
capacity, should be used in computing the flow in lurge spiraled lines 
in field service, although future tests on such lines may show that this 
wnrning .is not justified. 
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:FIGURl~ 7.-Incren..e in retardntion coefficient, indicating dccreflSo In capncity, with IIge 01 pipes. Open circle... show'lull-riveted pipes; dots, girth-ri\'eted pipes; nnd barred dots, continuous-Interior pipes. Points nre connected by arrows to 
the eCluntion curve (or their plU'ticulur cll185 and type 01 pipe. All points connected l)y lull lines indicate l)rogre~slve values lor the same reach 01 plpC. 'l'he A curve shows Mills's eqnation ror riveted pipes within 1 mlle or reservoir. 'fbe B cllrvo lor pipes beyond 1 mile Irom reservoir. Dataror thIs l.'Tapb rrom Table 4/ columns 1 and 13 
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CIltTH-IUVETED PIPE 

C.LASS 2. K.'=O.34 POR NEW PIPE 

[See p. 12 (or class description] 

A study of Table 1 shows that tests on the small pipes from 4 to 10 
inc-hes in diameter disclose a coefficient slightly more favorable than 
0.34, while tests on the pipes from 36 inches to 58 inches show an 
unexplainable situation. Practically all of the pipes were of the lock­
bar type. The writer will not comment on values of K. applied to 
old plpe in o.c(·ordanee with the deterioration curves shown in Figure 
7, but the resuHs 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 reaC'iws of l)ipe show a capacity but little better than that of an 
ordinary riv(,to( pipe of dass Ib and the Wilkes-BalTe tests (No. 216) 
show still bi¥lwr eo('flleien ts, the reason for which is understood, while 
tlH' Portlitl1o t('sls (N!). 226)0£1 new pipe aud the :Molltreal (No. 218), 
Spl'Ingfield (No. 224), itnd Portland (Nos. 225 and 2250.) tests on older 
j)lpe show (,llpllriti('s (,OlTcsponding to a value of K. from 0.26 to 0.30. 
BN·ltUl'\(' oJ lhe wide div('I'gence shown fo1' pipes that should be alike 
to a l'('asonitb1e degr('e the value of K,,=O.34 for class 2 should be 
taken al:l tentative, especially as regards lock-bal' pipe, indicating 11 

p.ip(' with a capaeity n('arly 15 pel' cent above that of ordinary riveted­
sle('/ ./)iJ)(' of class lb. This percentage agrees quite closely with 
[,('('o!'e cd ideas oJ q ualiIied engineers. The value of K$= 0.34 (,01'l'e­
l:lponcls roughly wilh the vYilliams-Hazen Cw = 125. 

Only two short series of tests on uniform bump-joint welded pipe 
('all b(' pl'Nlen ted--Nos. 228 nnd 230. These show K$ = 0.36 to agree 
quite closely, nnd future data may show that the deep recess at the 
bump will n(>c('ssitate tlus value rather than the more favorable 
value, 0.34; still the general description of the weld;)d pipe with 
bump-joints is such that it will be left in class 2 until proven incorrect 
by ndditioIlal data. Tests 011 pipes 156 and 156a, both compouml 
lines, confirm the choice of 0.34 so far as required assumptions warrant. 

CONTINUOUS-INTERIOR PIPE 

C.LASS 3. Ii,'=O.32 POR NEW PIPE 

[!:lee p. 12 (or clllss description] 

'flI(\ sp(\C'ifieations for this dass of pipe re.quire It surface that IIp­
pro[whps til(' hesL obtainable with coatings now in use. The tests OIl 

th(\ Btl'aigh t (\xp('rimen tal pipes o.t Versaill('s, Pa., Nos. 302, 304, and 
310, show valLI('s of K., wluch are probably too favorable to be ac­
('epted for field inl:ltullations with more or less curvature, although the 
V'ulu(ll:l ror Kos. 302 and 304 are supported by the Bend, Oreg., test 
(No. :311) on 5 mil('s oJ 14-ineh full-welded pipe. The tests on the long 
Coolgal'cli(' liM (No. 314) (which was one of the firstloek-bar pipes, 
but. ji{ plo.('ed in (·lass 3 rather than in class 2 because the field joints 
PV('L'y an ff'(,t W(,l'e butt joints, leaded under sleeves) and the test of 
Milh;'/> :\0. :n (3 I:lhow surIaees only slightly inferior to that giving the 
vulue J(.", 0.34. However, Mills's No. 318, paralleling and duplieating 
No. :31 Ii, shows a ('apari ty bu t 6 per ('ent greater than that of an ordi­
nary l'i \f('ted pi pe of dass 1 b; yet Mills's description ·of both of these 
pipes, with ('olJnt('nmnk rivet heads) indicates that, when the lines 
were first put in service} he had high regard for the interior surface. 

:1 
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The recommended coefficient for this class of pipes, Ks' = 0.32, is 
ofl'ered tentatively, there being a strong probability that much addi­
tional data may indicate a value Ks=0.30 to be warranted for a new 
pipe. The value K/ =0.32 roughly corresponds to the Williams­
Hazen C =130 for pipes above 30 inches in diameter, while for small ID 

pipes the curresponding value of Cw approaches 140. 

DREDGE PIPES 

1(.'=0.38 FOR N.EW PIPE FOR CLEAR WATER AND K.'=O.4-1 FOR NEW PIPE AND 

DREDGED .MA~r·ER1ALS 


A study of the last column in Table 4 for dredge pipes (Nos. 402 .. 
to 422) shows that most of the observed capacities agree with the 
romputed rapacity within 10 per cent, on the assumptions that 
K/~" 0.:38 fOr dell!: water and 0.44 for loaded water; however, the 
difJ'erence .may be partially due to pipe chararteristics .and differences 
in joints rather than to class of materials carried. 

CORRUGATED PIPES 

1('.=1.40 FOR NEW l'JPE 

For this type of pipe few data are available. Lsing the results of 
tests OIl Nos. 000 ancl 602 and comparing with the formula of Yarnell 
and asso<'itttl'S (188) the writer suggests a tentative value of Ks' = 1.40 
or a value of Williams-Hazen Ow = 60. 

EFI<'ECT OF AGE UPON CARRYING CAPACITY 

Steel pipe. lines fire subject to several forms of chemical reaction 
tending to d('CJ'l'ase capacitYi wood-stave and concrete pipes are 
seldom sC'riously affected. Since steel was first used, constant efforts 
htlv!' been made to develop coatings to combat this tendency effec­
tivC'ly. There Ilre nOW available many dips and paints, usually 
with a base of ft8phtllt, tar, 01' other hydrocarbons, which are so used 
that nl'W pipefl usually show a very smooth and glossy surface 
(J28f. For some of the ne\ver coatings, made under various trade 
IHlm('s, hroad claims arc made for long life and efficiency.. Time alone 
will indi('ate just how (>fl'ective these coatings are in the p'!'evention 
of ('oJTosioll, tuberculation, and consequent loss of capacity. Until 
such proof is IOl'thcominf? it is more conservative to assume that all 
mod(>l'!lt,c-v(>l<)('ity steel lInes wm deteriorate in capacity. 

Figul'l' 7 shows the extent of this decrease on the basis of data now <: 

avnilablp. The diagram is on semjlogarithmi(~ paper, which results in 
straight linl's for data that follow the laws of organic growth, com­
pound inLerest, and the like. The ordinates show the increase in the 
retardation ftlc tor according to a logarithmic scale, while the abscis­
sas show the age of the line in years according to an arithmetic scale. 

For s(wl'rnllines, practicnlly all of which are in the eastern part ·0£ 
the l"nited States, theJ'(' arc available long records of periodic gag­
ings. Some engineers believe that the more acid waters of the ellstern 
States aee conducive to decrease of capacity in greater degree than 
the gencrally harder western waters. If this be true, western pipes 
are not su1fieiently l'cpl'csented in the diagram; hence, only one for­
mula is derived, this being based on the tendency shown by the slant­

, ThIs publlcut(ou contaIns an extensIve bIbllography on corrosion. 
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ing lines drawn from values of the coefficient KSf for new pipes of 
various classes.s 

Ie = K/eo.016t (See Table 7, Part A) (22) 

In Figure 10 the graphic presentation of formula 22 in the left 
diagram 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 1 per cent per year instead of 1}2 per 
cent, as in the left local diagram. For such waters formula 22 has 
been modified to read 

K.=K/eo.o1t (See Table 7, Part B) (22a) 
TABLE 7.-Va/.ues of coefficient K. for any age pipe from 1 1050 years 

D 
Suggested ynlUM Jor water known to be relatively 

lnactlve. /(,= /(,'to.O" 

K/1=J l\/~ J(/= ,I ](,'= 1(/= K,'= I(.'= K/= I I(,/= IG-I= I li/= I(.' = 
~ ~ ~l~ ~ ~ ~ ~ ~ ~ ~ ~ 

I 

1 O. 325 O. 3·15 O. 381): o. 4·!1 O. 487 O. 528 O. 323 O. 343 O. 384 0.444 0.485 0.5252 .330 .351 .3921 .·154 .495 .536 .326 .347 .ass .449 .490 .630 
.454 .405 .536~ :~~g :~~~ :~~ I :1~ :m :~A~ :~~ :m jg~ .458 .590 . ~ IIIi .345 .3G6 .410 .4/·1 .517 .561 .336 .351 .400 .462 .505 . ~476 .350 .372 .416 .481 .525 .509 .340 .361 .404 .467 .510 .5527 .356 .378 • ·122 • ·189 53" .578 .343 .365 .408 .1/2 .515 .5588 .301 .38-1 .428 .496 .541 .587 .347 .368 .412 .477 .520 .5039 .366 .a.~9 .435 .504 .550 .595 .3W .372 .0116 .481 .525 .56910 .372 .395 .442 .oll .658 .604 .3;;'1 .376 .420 .480 .530 .575II .377 .401 .448 .519 .566 .613 .357 .380 .42.\ .491 .536 .58112 .383 .407 . ·155 .627 .575 .022 .361 .384 .429 .496 .541 .58713 . 389 • ·113 • ·102 . 535 .583 .032 .304 .387 .433 .501 .547 .502].I .395 .110 .469 I .MS .502 .641 .368 .391 .437 .506 .552 .59815 .401 • ·12(1 .476 .551 . flOl .051 .372 .395 .442I .511 .558 .604.16 .407 .432 .483: .55U .610 .661 .375 .399 .446 .516 .563 .61017 .·113 .430 .490 .5t18 .6191 .071 .379 .403 .450 .521 .569 .61618 .410 .4·15 .408 .676 .62<J .081 .383 .407 .455 .62i .575 .62210 • ·120 .452 .505 .585 .039 .692 .387 .411 .459 .532 .580 .62020 .432 .459 .513 .60·1 .648 .702 .391 .415 .46-1 .637 .586 .63521 .'138 •.I(l/j .521 .600 .6[>8 .712 .30.1 .419 .'169 .543 .592 .6-1122 .4·1.1 .473 .528 .012 • G68 .723 .31l'J .4Z.1 .473 .;;'18 .598 ..,.601823 .452 .48() .537 .621 .078 .734 .400 . ·128 .478 . ;1[rl .604 .6542·1 .'109 .487 .M5 .(m .688 .745 .407 .432 .483 .550 .610 .66125 .466 .·1115 .55.1' .1140 .608 .757 .411 .437 .488 .W5 .616 .66820 • ·17:1 .50'2 .561 .650 .700 .768 . ·115 .441 .'103 .571 .623 .67-127 • ·180 • 510 .51I~ .660 .720 .770 .419 .4-1.1 .498 .570 .629 .081!Ill .487.617.578.070.731.701.423.450 .500 .582 .635 ·68829 .4Q·' .525 . 587 .680 .742 .800 . ·128 .454 .508 .588 .6H .605ao .502 .5.13 • 500 .690 .753 .815 .432 .-159 . 513 .09,1 .(>18 .702at .509 f .;;.Jl .605! .700 .764 .828 .436 .403 .518 .600 .654 .70932 .617 f .540 . OJ.! . ill .776 .8-10 .441 .408 .523 .006 .661 .7163:1 .521;: .558 .6Z.1, .72'2 .787 .853 .•145 .473 .529 .612 .668 .723

3'1 .5.331 .1)(l0 .6331 .733 .700 .866 .450 .478 .534 .618 .6701 .73135 .6011, .575 .642 .7-14 .Sll .879 .454 .482 .539 .6~1 .681 .za~:l6 .540 1 •583 .652 .755 . SU .892 • 459 .487 .545 .631 .088 ./4Q37 .657 I .502 .662 i .766 .836 .906 .4()'1 .492 .550 .637 .605
38 .5661 .001 .671 1 .778 ,8-10 .919 .468 .407 .556 .753 

.&13 .702 .76030 .5701\ .6LO .682 I .790 .862 .033 .473 .602 .561 .liSO .700 .76840 .f.l8.1 .GW .6921 .8(r2 .S75 .9·17 .477 .507 .567 • (156 .716 .776 
.Jl I .502 .62'J .703 I '. Sgo_I·! .888 .961 .482 .512 .573 .66:3 .723 .78-t
42 • GOI .638 .71·1 /' O .001.076.487.517.578 .670 .731 .79143 .610 • (1.18 .724 .830 .915 .991 .402 .523 .5841 .676 .738 .700M' .010 • fi58 .735 .851 .929 1.006 .497 .528 .590 .683 . ;·j5 .807451 • fJ28! .1168 I .7-17 i .864 .0·13 .1. 021 .502 .5:J3 .506 .000 ' .753 .81546 • 638 I •67~, . IS7 I .877 .958 1. 037 .507 • 639 . 60~ .697 .700 .824
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48 , 057 . 008 I •780! .004 .086 I. Of.i8 .517 . 60\9 .614 .711 .776 .&10·19 ./m 

l
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'Allen Hazen. in Illotter to tho writer, slIyS: "As a general propositron I think tho notion that western 
waters aro more quiet than eastern wators hilS no foundation In ract... 
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K. is the increased value of K,' for a pipe t years of age and e is the 
Napedan base, 2.7183. Expressed differently, formula 22 may be 
said to indicate that the increase in the retardation is at the rate of 
1}~ per ("ent a year, eompounded.q The decrease in capacity is pro­

portional to the change in K~.62ii· (See formulas 10 and 11, p. 10.) 

Table 7 gives values of K. for ages of pipe up to 50 years. Figure
? P:lly also .be used in estimating capacity at any age in terms of 
lllit.lal capaCIty. 
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FIOURE B.-Rclntlvo cnpnclty for any ogo oC pipe from 1 to50years, nssnmlngcnpncltywhennew' to be 

100 per (;cnt. Tho A ('urvels hased Oll ttlo deteriorotion tendency shown In Flb'llre 7, lind expressed 

In Corronlns 22 nntl 22. 'rho B curve is based on formulas 22n nnd 2311. (Sec page 8U and 00.) 


vVhere the rate of increase in K. is at the rate of 1Yz per cent a 

year, compounded (formula 22) then the capacity, Qt at the end of t 

years may be expressed as 


Qt =Qoe-O.OO7891 (23) 

and for the less active rate of increase in K. (formllla 22a) 


Qt = Qoe-O.OO5261 (23a) 

For both these formulas Qt is the capacity for any age, t years, In 


terms of the capadty Qo when the line was new. 


CAPACITY OF STEEL PIPES 

As with all other conduits, certain losses of head are involved in the 
conveyance of water in steel pipes. For long lines the losses due to 
retardation, usually termed friction lossos, overshadow all the others. 
Attention is called to the discussion of entry head, velocity head, 
air in. pipe, etc., in references (152, 153). The discussion here is <. 

limited to the so-called friction losses. 
Tfhe compadson in Table 8, based on the coefficients recommended 


for the various classes of riveted-steel and analogous pipe, is made for 

pipes assumed to be coated with the same material. The ordinary 

lap-riveted plate pipe of moderate thickness classed 1b is used as the 

basis of comparison, i. e., as 100 per cent, or rated at 100. The same 

difference is found at any assumed age. The capaeity is proportional 


1 

tu J{.0,52U 


• FrolIl studies of tho dutll all dcerellSe ill cnpaelty then available to him, Mills (J~2, p.222) came to tho 

tcnt(lU ....e NJtl!'Iu._iotl tl1at tho f\.htivQ vnlno of tho cot·fIiclont of rotnrdntiol1 should be IncrNlsed 0.17·,/T for 

.. Lur co,ltt.,j rl VoLcti-stcol conduits within 1 milo of (ceding reservoir," IlIHI this incrC!ISC shOUld hn reduco,l 

to O.!2 ..{t" (or portion~ further down stroom." 'rhoso two curves uro shown In Figure 7 Cor one value of 

K'. onlY! WlrllCir 0,,(.1 for I'omparison with the writer's forroul" Cor tim/J deterioration. It Is to be notod 

that Mll s' (ormu!tts provido for II rllpld dcterlorntlon during tho first yeurs oC operation, and this is bornQ 

out by some oC Lho datil. notably thoso Cor Lho east Jersoy Hno. (No. 64.) 






Loss of head, H,in feef pef'/009. feef ofpipe 
,.. 01' 0 

< 
l!) 

o 
!? 
.:; 
~ 
-'0::> • ." 
n;'tlP 
(I--0 
l!)., 

• 

FIGURE 3.-Logarithmic diagram showing observations on riveted steel and analogous pipes 62210°-30. (l<'Il~'C p. 80.) 
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by fU do IInos to hase line. Fwm this point lIS a pivot a stralglltedll6 gives simultaneous values of ([uantlty, Q; diamoter, D or d; and velocity, 11'. From the pivot point as determined above, two diagonals are shown. By following one It 
w!l be seen thnt 1\ 48-lnch pipe will carry 35.5 second.feot, or ahout 23,000,000 gallons per dll}', at n \'eloclty of 2.82 feet per second. 'r'he other diagonal shows that a 20-foot I'ipo will carry 2,250 second·feet at a velocity of 7.17 f~t per second. 
If nonnggresslve waters lire to ho oarrled tho right local diagram should housed. This is hasp,d on K.= K.'eo.o". If O. D. (outside diameter) pipe Is eonsidored, tho proper llC1l1 dlngram will give neoded values. It should be noted thet for 
such a type tho ;!o-Inch JII"o Is only 211 Inches lusldedlameter. In II similar way "line pipes" are gl\'~n nominal sizes slightly different frolll the true Insldo c1lamcter~. 'l'hu& the dlnlll.t~r 01 a a·inch IIno plpo is slightly larger tban n true 
3·lnch diameter, wbile that \If 11 2HHncb ilno 111~lI) !~ ~Uglltly smaller than a true 2j1i·lnc!1 dlulnoter. 

62210°--110. oruel.' II. 91.) 
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THE FLOW OF WATER IN RIVETED STEEL PIPES 91 
TABLE 8.-Comparison of capacities oj new riveted-steel and analogous pipesassuming the capacity oj lap-riveted steel oj moderate plate thickness (classed aslb) as 100 per cent 

(The same percentage relations hold for any given age).~, 

ClllSS _1_ IDifference CapacityK.' KI"'''' from base dltrerence Remarks 

la _____________ •____ ...._.... Per ctnt
0.38 1.663lb ... " • __ .........____ ... __ __ +0.123 +7.99 Sheet metal,flat rivets.
.44 1.540 o o Used as basis of comparison.1e.___ ....-._.......__ ...--__ .48
1d •• __ •______ •• ___ .•, ___ •__ __ 1.471 -.060 -4.48 Full riveted, heavy plntes..52 1. 4102. ___ •• _....... , ............. 

-.130 -8.44 Full riveted, extra heavy.

a. _........__ ... __ ......___ .. .34 1.764 +.224 +14.55 Girth-riveted pipe..32 1.821 +.281 +18.25 Continuous-tnt~rior pipe. 

Figure 9 shows the relative capacities of pipes of identical types,classes, ages, and coatings, and differing only in size. 

1/ I 1/'// / '/ '/ ,/ / I I I IosII II II II I II I I a,., I ill III III / I / II I I II II I I.IL rljV /I II I il ,I 
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FIGURE n.-Rclatlve capacitics oC sheet and plato metal pipe, Identical In type and age, differingonly in sIze. 'rhe dotted example shows that B 48-inch pipe wiII carry about 2.1 times as muchns a 31l-Inch pipe and tbut a 72-inch pipe will carry almost 6 times as much lIS a 36-lncb pipe 

Since the friction loss is at present conceded to increase with pas­sage of time, as a rule, it is not feasible to publish definite tables ofcapacity for each size of pipe as was done in the bulletins on wood­stave and concrete pipe (152, 153). Instead, tables are givenshowing values of VI.D, DI.I, AJ and K .• for any age of pipe, fromwhich a rapid solution of formula 9 may be made with the initialvalues of Ie as modified by formula 12. The diagram on Figure 10should be useful for preliminary study.a It is usually easier to workfrom the velocity in a particular size of pipe, converting the desired
(vIUa~,i.tY of water into cubic feet per second, and solving the equation 

-<1' For each size of pipe studied, solution of formula 9 will give 
• ('opies o( this tlhlJ(mm sultnble (or mounting Cor desk use mny be obtained by addressing the BureauDC l'ubUo Honds, P. O. Box ISO, Berkeley, CallC. 
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the Loss of head for each 1,000 feet of pipe. If au age of t years is 
assumed, valnes of K. as given in Table 7 may be used. 

FACTORS OF SAFETY 

Bl'oacUy speaking, it is very difficult to forsee the probable con­
dition of a stool pipe interior 10, 20, or :50 years in the fut.ure. The 
fommLns developed appear to satisfy usual conditions quite closely, 
as cttn be seen .from a casual l'e\riew of column 15 in Table 4. How­
(\V('l', occasional 'wide divergences aTe {ounet between the observed 
l\nd tho computed capncity. The following factors of safety, ex­
pressed as percentage increases over the designed cn.pacity, nre 
l'l.'commcndcd. For example, if 50 second-feet are required and a 
ffletOI' of surety of 10 pel' cent be used, all computations should be 
mnde on the basis of 55 sceond-feet. The factors Ilre as folkws: 

Five per {'cnt when only l~ rough approximation to the actual needs of the pipe 
is possible, when past experience with steel pipes and a similar water indicates 
thnt the water will not be unustl!1Uy aggressive, when the w!Lter cllrries some 
ahrasive and high velodties will probably insure a clean scoured condition at 
all times (note the pipes tested by Hamilton Smith), when the line is prllC'tically 
stmight, when conditions of operation are such that no penalty attaches to a 
slight lack of capa('ity; 15 per cent for conditions intermediate between those 
above and those below; 25 per eent when the water is known to be very aggressive, 
when the roating is known to he inferior and the line is close to its reserYoir, 
when the line is yery crooked, when a colloidal silt is conveyed by the water and 
yclocitit's below S feet per second are contemplated, when a heavy penalty 
nttaehes to appreciable lack of capacity.

Where long experience with a particular water shows positively that little 
decrease in. capacity is to be expected, a rate of increase in the values of K, lIlay 
be taken a8 in part B of Table 7. 

VI.O 

TABLE g.-Values of V1•9 for usc 'in fOT'nwla H = K ])T.i 

[For OXllIllplo, ir V=2.8·1 rect pcr second thon 1',.0=7.261 

0.09 V0.05 0.00V , 0.00 I 0.01 0.02 I 0.03 I 0.0·1 
I~I~----­

-;.~::\------ Feet 1Jer 
.econd

second 0.441 0.454 0.467 0.480 0. ·10·\ 0.6 
0.0 0.3iO 0.391 0.·103 0.410 0.428 

.504 .62·1 .030 .7.564 .579 .009 .. tlOS .522 •sao .500
.71 . i02 .718 .7a.5 .751 .767 .78-1 .801 .8

.05·1 • (170 .0l!6 
.907 .9-14 .062 .981 .11

.SIU .836 .853 .871 .889 .925 
1.14 1.16 1.18 1.0 

1.0:t \ 1.000 1.019 1. 0-1 1.06 1.08 1. 10 1.12 
1. 32 1. 35 1. 37 1.39 1.1 

1.1 1.IU8 1. 22 1. 2·\ L20 1.2~ 1.30 I 'J 

l.a
1.2;

\ 1.n·1I1 
1.414 

1.67 
1 • .[.1 1. 

1. 
·16 
69 

1.48 
1.72 

1. 
1.75 

f>{j 1.53 1. 55 1. 57 1.59 1. 62 
1.31.82 1.871. 77 1.80 1.84 

2.05 2.11 2.13 1.4
1. SU,; t. \12 1. 95 1. 97 2.00 2.03 2.08 

1.41 2. 2~ 2.27 2.30 2.33 2.3fi 2.39 2.·11 1.5 
1.1; 2.101 2.18 2. ~l 2. (\8 2. it 1.11 
I.n 2.H 2.-17 2. [~) 2.53 2.56 2.59 2.62 2.115 

2. on 2. Ull :1.02 1.7 
1.71 ~~ 7·1 2.77 !l.HO 2.!i:1 2.81] 2.90 2.9:1 

3.25 a.20 3.32 a.:l5 1.8 
3.011 3.09 :1.12 3.15 3: 18 3.22 

l'~ i 3.3U a. -I~ a.,15 a. ·10 a.52 3.56 3.59 3. r.1 3.011 :1.70 1.9 
-1.05 2.0 

~. 0 ! -1.28 -1.30 .\, ·10 4. ·14 2.1a. H7 3. !l1 3.IH 3 117 .. 01:3. 7:1 3.71i 3. so a.1'1 
2.1 ·1 Oil -1.1:1 '1.10 -1.20 4.2·1 ·\,32 

2.2.1. 75 4.70 ".1'14.5H 4. I., ·1.07 ·1.71 

2.:i .1. ~7 ·1.01 -I.U5 .1. Oil 5.03 5.07 5. II2.2 .1. ·IS 4,52 ·t50 5.15 5.19 5.2:J 2.3 
5.5:J 5.57 5. li2 S.IXI 2.4 

2.·1 5.27 5.:11 5.311 5.-10 5.·l4 5.41l 2.5S.Ra 5.02 5. !Iii Ii. 01 n.05 6.10
2. :. 5.70 5.7·1 5.79 5.S7 
2.1~ IL J.I 11.10 11.2·1 U.2S 11.:12 6.37 0.·\1 0.-10 0.50 0.55 2. U 

I1.SU lI.ns 7.0:1 2.7
n.l;O 11.li5 G. tiD n.7-l fl. 70 B.S.I 0.932.7 

7.22 7.211 7.31 7.:W 7.·11 1.·1fj 7.51 2.8 
!!.S; 7.0i 7~ 12 7.17 

7.81 7.Ul 7. \/li Kill 2.1l 
2.0 7.5fi 7.m 7. iiI) 771 7.711 7.8/i 

8.17 H. 2~ So 27 I 8.:12 8.:I~ 8043 So ·18 8.5:1 a.1l 
:l.U . S.OIl S. II 
3.1 X.5X x.ttl S. 00 8.7-1 X.70 , 8.8.; 8.110 8.9.5 0.01 Il.OO :u 

a.2:I .) , !).12 0.17 1l.2.1 0.28 1I.:la 1l.30 \)• .j.\ O. ·10 {t55 Il.m ,. - I 1I.1l.; 10. (10 10.05 10.11 lO.I7 a.3 
3.3 : U. fill 0.72 0.77 9.11;\ ItSIl 

10.75 3.·110.()3 10. (i910. :J;J \lUH 10.3·1 10.-10 \II. ·Hi 1 10 • .12 10.573. ·1 
10. U7 11.() 1 11 1 r 11.2 11.2 11.3 11. -I :1.5 

:1.5 IO.SI 10.HIl 10. III • U.S 11. U 12.0 3.0
11.5 11.0 11.0 11. 7 I ll. S3. Q . 11.·10 11.6 
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V1•9 

TABLE 9.-Yal·uei:' of V1. 9 for 'Use in formula Il=K D,.,-Continued 

0,00 0.01 0.02 	 l_r_~_~.~J_~.~)~I~L~~~J~__ 
-F,-'-'-I-p,-r+-- Peel per 

v 

I l 
"COlt 7 12.01 12.1 	 12',1 I 12.2 12. 3 12.3 12.4112. Ii 1~. 5 12.6 seconf 7 

3.8 12. 64 12. 7 12.8 12. H 12.9 12.9 13.0 13. 1 1'U 13. ~ 3.8 
a.9 13.27 13.3 13.4 13.5 13. 5 13. 6 1~. 7 13. 7 13.8 18.8 3. 9 
4.0 13.93 14. 0 H. 1 14. 1 H. 2 1-1. 3 H. 3 1-1. 4 H.·l H. 5 4.0 
1. 1 14.60 H. 7 H. 7 B.8 H. 0 1-1.9 15.0 I 15. 1 15. 1 15. 2 4. 1 
~t2 115.28 J5~4 15.4 15.5 15.6 15.6 15.7 15.7 15.8 15.9 4.2 
4.3 15.98 10. 1 10. 1 16.2 10.3 16.3 10.·\ 16.5 lU.O 16.0 4.3 
4.4 10.69 16. B 16. B 10. 9 17. 0 17. 1 17. 1 17. 2 17. 3 17. :1 4.4 
4.5 17.42 17.5 17. 6 17.7 17. 7 17.8 17.9 18.0 18. 0 18. I 4. 5 
.1. 6 18.17 1B.2 18.3 lB. 4 18.4 18. 5 18.6 18.7 18.8 18.8 4.6 
4.7 lB. 92 10.0 19. 1 19. 1 19.2 W.3 IfI.oI 19.5 19.5 19.6 4.7 
4.8 19. 70 lD.8 19. 0 20.0 20. 0 20. 1 20. 2 20. 2 ~1l. 3 20.·1 4.8 
4.0 20.48 20. 6 20. 7 20. 7 20. B 20. U 20. 0 21.0 21. 1 21. 2 4. 9 
0.0 21.28 21.4 21.4 21.5 21.6 21.7 21.8 21.9 21.0 2'2.0 5.0 
5. t 2'l. 10 22.2 22.3 22. a 2'1.4 22.5 :l:!. G 22.7 22.8 22.9 5.1 
5. 2 2'2. 93 23. 0 23. 1 23. 2 23. 3 2;>1 23. 01 23. 5 2.1. 6 ~3. 7 5 .) 
ii.3 23.78 23.0 23.9 24.0 2·1. 1 2·\,2 2·1.3 2-IA 2-1. 5 24.0 5.3 
5 ·1 24. 63 24. 7 24. B 24.9 25. 0 25. 1 2:;' ~ 25. 2 25. 3 25.4 5 . .jf,: 5 r 25. Ii! 25.6 25.7 25. S 25.9 25.9 2G.O 20.1 20.2 26.3 5.5 
5.0! 20.40 26.5 20.6 26.7 26.8 26.8 2!l.O 27.0 27.1 27.2 5.6 
5.727.30 27.4 27.5 27.0 27.7 27.8 no 27.9 28.0 28.1 5.7 
5.828.2'2 28.3 28.4 28.5 28.6 28.7 28.S 28.0 :?\J.O 29.1 5.8 
5. 0 20. 15 :?\J. 2 29. 3 29.4 :;g. 5 29. 6 ~V. 7 29.8 :'.>9.0 30.0 5. 9 
0.0 30.09 30.2 30.3 30.4 30.5 30.0 :lu.7 30.8 30.0 31. 0 0.0 
0.1 31.05 31.2 31.3 31.3 31.4 31.5 31.0 31.7 31.8 :11.9 0.1 
O. 2 32. ()3 32. 1 32. '1. 32. 3 32. 4 32. 5 31. n 32. 7 32. 8 32. 9 O. 2 
cr. 3 :1:1. 02 ~'. 11 33. 2 ~.' 3' 33. 4 33. 5 33. (5 I 33. 7 33. 8 33. 9 O. 3 
0.4 31. 02 ~ 3-1.2 ~ a 34.4- 31. 5 31.6 3·1. 7 34.8 :\.1. 0 0.4 
O. Ii 35. IJ.I 35. t 35.2 35.3 35.4 35.5 35. 7 35.8 35.9 all. 0 0.5 
O. (I 38.07 36. 2 311. 3 36.4 36. 6 36. 6 30. 7 36.8 3U. U 37.0 O. 6 
~. 7 37. II 37. 2 37.3 37.4 37.5 37. (\ 37. S 37. 9 as. 0 38. 1 0.7 
0.838.(738.338.4 38.538.638.738.8 38.9 39.039.1 O.B 
6. U 3U. 25 39.4 39. 5 30. 6 39. 7 39. B 3U. 9 40.0 ·to. t 40.2 6.9 
7.0 '10.34 40.4 40.6 40.7 40.8 40.9 41.0 41.1 H.2 41.3 7.0 
7.1 ·U.44 41.6 41.7 41.8 -11.0 42.0 42.1 42.2 42.3 42.4 7.1 
7 .) 42. 5.'; 42. 7 42.8 42. {/ 43.0 43. 1 43. 2 43.4 43. 5 43. 6 7.2 
7.3 ,13. 68 43.8 43. II 44. 0 44. t 44. 3 4-1.4 4-\. 5 44. G 44. 7 7.3 
7. 4 I .1-1. 83 -14. ~ 45.1 45.2 45.3 41>.4 45. 5 45.6 45.8 45.9 7.4 
7. ,OJ j 45.98 ·16. 1 46.2 46. a 46.5 46.0 46.7 {6. S 40.0 47.0 7.5 
7.6, 47.16 47.3 47.·1 I ·17.5 47.6 47.8 ·17.9 4B.O 4B.l 48.2 7.6 
7. 7! 48. 34 48.5 48.6 48.7 ·IB.8 49. 0 49. 1 49. 2 49. 3 ~O. ·1 7. 7 
7.8 49.51 49. 7 411.8 49.0 50. 0 50. 1 50. 3 50.4 50. 5 SO. 0 7.8 
7.0 50.76 50.0 51. 0 51. 1 51. 3 51. 4 51. 5 51.6 51. 8 51. Q 7.9 
S. 0 51. 98 52. 1 52.2 52.4 62. 5 c· 6 h2. 7 52.8 53. 0 53. 1 8. 0 
8. I 53. 23 53. 3 53. 5 53. 6 53. 7 53: 8 &1. 0 5-1. 1 5-1 .) &1. 3 B. 1 
8. 2 &1.48 5-1. 6 5-1. 7 5-1. 8 55. 0 &i. 1 55. 2 55. 3 55. 5 55. 6 8. 2 
8"~I I 55 55. 9 50.• 0 i, 56. 1 56.2 [>6.4 56. 5 56. 6 56. 3 ~. ~ B. 3'7'. 70"3' 
s 5 57. 2 57 3 57.4 57. 5 57. 7 57.8 57.9 58. 1 "" 8.4 
8.5 58.:13 58.5 58.6 I ~'. 8 58.9 50.0 50.1 DO. 2 59.4 59. Ii B.58,6! 50.64 59.8 UO.9) vv 0 60. 1 60. 3 00.4 60. 5 60. 7 60.8 B. 6 
8.7 00.116 01.1 61. 2 01. 4 01.5 61.7 61. 8 61.0 62.0 62.2 8.7 
8. 8 62. aD 62. ·1 62. 5 62. 7 02. 8 63. 0 6a. 1 63. 2 63. ·1 03. 5 8. 8 

X.: gl" gU~ ::g g:g I :tU ~: ~ ~: ~ ~: ~ ~J: g ~\: r :t\. !! g: g 
u 00. -10 60.6 66.7 00.8 67.0 0'7. 1 67.2 07.,1 67.5 67.7 9. 1 
U .) I 67.80 07.9 68. 1 68.2 68.·1 68.5 68.6 68.8 !lS.9 60. 1 9.20: 31 liO.20 69.3 69. I; 69.6 09.8 89.!) 70.0 70. !! 70.3 70.5 0.3 
0.-170.62 70.8 70.9 71.1 71.2 71.3 71.5 71.6 71.8 71.0 9.4 
0.5 n. DO 72. 2 72.-1 72.5 72.6 72.8 72.9 73 1 73.2 73. 3 9.5 
V. 11 73. 60 73. 6 73. B I 73. 0 74. 1 74. 21 74. -I 74: 51 7'\' 7 7·1.8 9.6 
0.7 7·1.96 75.1 75.3 ' 75.4 75.5 75.7 75.S 76.0 70.1 76.3 0.7 
O. H 76. 44 76. 0 76. 7 70.9 77. 0 77.2 77. ~ 77.5 n. 6 7i. 8 0.8 
0.0 	 77. 93 78. 1 78. 2 78. -I 78. 5 713. 7 78. S 78. 0 70. 1 79.3 O. 9 

1 

-;;!~-;;I~~~-~:;r--~;T--;;I~ 
10.0 -;;;;r-;;; 82.51----;; --;;~ --;; -;;\'----;; ---;;,;; 10.0 
11. 0 05.20 UO.O 98.5 100. ~ 101.0 103.6 105.3 107.0 108. 7 110.:) 1l.O 
1~. 0 112.3 114.1 115.9 117.7 119.5 121. 3 123.2 125.1 127.0 128.0 12.0 
13.0 lao. 8 132.7 134.6 136.6 138.6 1-10.5 142.5 144.5 140.• 5 148.5 ! 13.0 
1-1.0150.5 152.6 15-1.6 156.7 158.8 WO.O lll:l.O 165.1 167.3 160.-1 14.0 
15.0 171.11 173.8 17G.0 178.2 ISO. 4 182.7 184.9 187.2 IB9.4 WI. 7 15. a 
IIl.O Ill-tO tlHl.3 198.6 ~OI.O 203.3 20r..7 2m.l 210.5 212.0 215.3 16.0 
17.0 217.7 2'20.2 22',!,(\ 22.;.1 227.5 230.0 ~3~.6 ~35 1 237.6 240.1 i 17.0 
IS. (I 2·12.7 245.2 247. B 2.'10. -I ~I;;J. 0 255. 7 251>.3 2nO.9' 263.6 206.21 18.0 
19.0 268. 0 271. II 27'1.0\! 277. t 270.8 282. 5 2l!5. 3 . 288.0! 296.8 2'J3.ll 19.0 

..-----~~--~--~--~---~---~---~---~--~~-----

http:0.-170.62
http:5.727.30
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Vl.9 
TABLE lO.-Values of Dl.l fOT 'U8e in theforrnula H=K. Dl.l 

[Example, d=38 Incbes, Is the equivalent of D=3.167 feet, for which Dl.l=3.55 feot] 

[Forustlln tho determinatIon of V 1tbe vnlues olaren, A are given: For d=38lncbes, A=7.SS square feet] 

.~ 

Diameter Diameter Diameter Diameter 

Dl.1 DI.l DI.I DI.IArea Area Area Arell 
A A A A 

d D d D d D~l~ ---- ---- ---­
Sq.!t. 111•• I<~. Ft. Sq.jt. 1m. m. m. Sq.jt. 1118. Ft. m. Sq. ft./118'1 f~. Ft.

4. 0 0.333 O. 298 0.OS7 26.0 2. Wi 2.34 3. 60 56.0 4. 667 5.44 17.10 lOS. 0 0.0 11.2 63.62 
4.5 .3i5 .340 .110 27.0 2.250 2.44 3.98 57.0 4.750 5.55 17.72 114.0 \1.5 H.1l 70.SS 
5.0\ .H7 .382 .137 28.0 2.333 2. &I 4.28 58.0 4.833 5.66 18.35 120.0 10.0 12.6 78.&1 
li.5 .·158 .424 .165 29.0 2.4L7 2.64 4.5\1 59.0 4.917 5. 77 18.9\l 126.0 10.5 13.3 86.50 
6.0 • GOO • '\67 .100 30.0 2. GOO 2.74 4.91 {\O.O 5.000 5.87 19.63 132.0 11.0 14.0 95.63 
C.5t • &12, .510 .230 31.0 2.$3 2.84 5.24 61.0 5.08.1 5.98 20.2<.1 138.0 Ii. 5 14.7 103.9 
7.0\ • [,s3: • 552 .267 32.0 2.007 2.94 5.58 62.0 5.1\\7 6.00 20.97 12.0 15.4 113.1 
7.r, .li251 .500 .307 33.0 2.750 3.04 0.94 63.0 5.250 6.20 21. 65 150.0144.0! 10.1 122.712.51S.O .(l('17 .640 .3-10 :1-1.0 2.833 3.15 6.30 64.0 5.333 6.31 22.34 150.0 13.0 16.8 132.7 
8. 51 • 708 • 681 .391 35.0 2.017 3.25 6.68 65.0 5. 417 0. 41 23.04 162. 0 13. 5 17.5 143.1 
U.O, • 750 .729 .H2 31l.0 3.000 3.35 7.07 66.0 5.500 0.52 23.76 168.0 14.0 18.2 153.9 
o. 51 ,i02 . 7i4 .493 37.0 3.OS3 iU5 7.47 \\7.0 5.583 6.63 24.48 174. 0 14.5 18. il 165.1 

10.0 . S:13 .818 .&15 38.0 3.167 3.55 7. SS 68.0 5.66i 6.74 25.22 180.0 15.0 19.7 170. 7 
10.5 .8i5 .8U3 .601 39.0 3.250 3.00 8.30 69.0 5. i50 6.85 25.97 186.0 15.5 20.4 ISS. 7 
11.01 .017 .000 40.0 3.333 3. iii 8.73 70.0 5.833 0.00 20.74 192.0 10.0 21.1 201,1.!l60111. 51 . 958 • 954 .721 41.0 3.417 3.86 O.li 71.0 5.91i i.Oi 27.50 198.0 16.5 21.8 213.8 

42.0 3.500 3.\)7 9.62 72.0 0.000 7.18 28.27 204.0 17.0 22.6 227.0g:m UllrJ, u: .785 
.922 43.0 3.583 4.07 10. OS 74.0 0.167 7.40 29.87 210.0 Ii. 5 23.3 240.5 

H.OI 1.167 1. 10 1.009 44.0 3.007 4.17 10.56 76.0 6.333 7.62 31. 50 216.0 18.0 24.0 204.5 
1r..0! 1.250 1.28 1.227 45.0 3.750 4.28 1L04 78.0 0.500 7.84 33.18 222.0 18.5 24.8 268.8 
UJ. 01 1.333 1.37 1.306 46.0 3.833 4.38 11.M 80.0 0.667 8.00 34.01 228.0 19.0 25.5 283.5 
17. 01 1.-117 1.47 1.576 47.0 3.~17 4.49 12.05 .82.0 6.833 8.28 30.67 234.0 19.5 26.2 208.6 
18.01 1.500 1. sn 1. 767 48.0 4.000 4.50 12.57 84.0 7.000 8.61 38.48 240.0 20.0 27.0 314.2 
19.01 1.583 1.66 1.069 49.0 4.083 4.70 13.10 86.01 7.167 8.73 40.34 246.0 20.5 27.7 330.1 
20.01 1.007 1.75 2.182 50.0 4.107 4.81 13.64 SS.O 7.333 8.95 42.24 252.0 21.0 28.5 346.4 
21.011. 750 1.85 2.405 51.0 4.250 4.91 14.19 00.0 7.500 11.l8 44.18 258.0 21.5 20.2 363.1 
2'.!. O. 1.833 1.95 2.640 52. 0 4.333 5.02 14.75 9'2.0 7.666 9. 40 46.16 264.0 22.0 30.0 380.1 

5.12\15.3223'°11.917 2.05 2.SS5 53.0 4.417 94.0 7.833 9.62 48.19 276.0 23.0 31. 5 415.5 
24.0 2.000 2.14 3.142 M.O 4.500 5.23 15.00 00.0 8.000 9.85 50.27 288.0 24.0 33.0 452.4 
25.01 2. OS3 224 3.40\l 55.0 4.583 5.34 16.50 102.0 8.500 10.53 56.74 300.0 25.0 34.5 400.9 

ESTIMATE TABLES AND DIAGRAM AND SOLUTION OF TYPICAL PIPE 
PROBLEMS 

Problem 1.-An inverted-siphon pipe is required to carry 3.5 
second-feet of water for irrigation across a depression 40 feet deep. 
The siphon will connect sections of open concrete-lined canal. The 
distance, as measured along the line to be followed by the pipe, is 
273 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 feet. Required: 
The size of thin-sheet flat-head riveted pipe needed to convey 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 a factor of safety. Thus 
quantity designed for will be 1.15X3.5=4.03 second-feet. Try a 
12-inch pipe. From Table 10, the area, A = 0.785 square feet. Hence, 

the velocity would be 0~70835=5.14 feet per second, for which the 

velocity head equals to ~:=0.411. The velocity head and entry 

head necessary to generat/the velocity and to get the water into the 
pipe at the inlet end will be about 1.5 times the velocity head, or 
1.5 X 00411 = 0.617 feet. The difference in water surface available for 

http:0~70835=5.14
http:1.15X3.5=4.03
http:5.12\15.32
http:Dl.l=3.55
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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 ~:~~~ =6.90 feet. 

The type of pipe required would come under class la, for which K. 
when the pipe is new is 0.38 but when the pipe is 20 years old would 
be 0.513 (from Table 7 A). SUbstituting in formula 9, page 10, the 
oss of head per 1,000 feet would be 

9 
VJ.9 5.141. 22.4 (from Table 9 ) 

H=K. DI.I=0.513 (12)1.1=0.513 1.000 from Table 10 =11.5 feet. 
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 .A = 1.069 square 

feet. The velocity will be I~00639 =3.77 feet per second, for which the 

velocity head is 3;;2=0.221 feet. The combined velocity and entry 

heads will be taken as 1.5 X 0.221 = 0.331 feet. The fall available for 
friction loss becomes 2.50-0.331 =2.169 feet. The loss per 1,000 

H=K. DI.1=0.513 (14)1.. =0.513 1.19 from Table 10 =5.39. 

feet will be ~:~~~ = 7.94 feet. Substitution in formula 9, as before 
gives 

VU . 3.771.9 12.5 (from Table 9) . 

12 

Since the pipe is only 273 feet long the actual friction loss would be 
1.47 feet while the fall available for friction would be 2.169 feet. 
Thus there is ample margin of safety and a 14-inch pipe of this type 
will be slightly oversize. If available, it will be found that a 13-inch 
pipe would satisfy the requirements reasonably closely. After deter­
InlninrO' the fall per 1,000 feet of pipe available for friction losses, then 
any 0 the usual problems can be solved by means of the nomogram, 
Figure 10. 

Problem 2.-A pipe line, to convey 50,000,000 gallons per day 20 
years hence, for a distance of 10 miles through open country calling 
for little curvature, wjth a total available fall of 65 feet, is required 
to convey "active" water for municipal purposes. The pressure head 
is between 50 and 100 feet. What will be the required diameter of 
(1) riveted-steel pipe, (2) lock bar pipe with riveted girth seams? 

For the conditions involved assume a factor of safety of 15 per 
cent. The required capacity will be 50+7.5=57.5 million gallons 
per day, which is equal to approximately 89 second-feet. From page 
12 it is found that a riveted pipe of class Ib, having a coefficient of 
l'etardation of K. = 0.44 when new, can be considered while the lock­
bar pipe of class 2 will have a coefficient when new of K. = 0.34. 

From Table 7 A the value of K. = 0.44 when new becomes 0.594 
for a pipe 20 years old and the value of K. of 0.34 for the new 
lock-bar pipe becomes 0.459 in 20 years. Of the 65 feet total fall 
available assume 3 feet are to be lost at valves, screens, and meter. 
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This leaves 62 feet for friction losses. For each 1,000 feet of line this 
G?

will be 5.280"'X 10 1.174 feet. Substituting in formula 9, page 10: 
4 
~ 

From the continuity equation Q=A V=89 second-feet. 
Table 11 shows the results of tentative trials of different sizes of 

riveted-steel pipe llsing data from Tables 9 and 10. 

TABLE H.-Tentative trials of d'ijJerent sizes of riveted-steel ptpe--problem 2 

RemarksQ=AV 
_d___ V_D_I_D_"_'_1_1._90_:_'·~_·'_=_I__ 

Feet ptr Square &c<>nd­
.tc<>nd lut lettInche. Feet Ftet M.l Toosmnll.5.23 10.25 3.·10 15.90M ·1.00 

00 5.00 5.87 11.00 3.62 19.tH Do. 
12_78 3.82 23.76 MJ Too large. 

60 5.50 6.52 Toosmnll.
tH 5.33 0.31 12. 30 3.75 22,6 84.8 

88.5 Just under 89. Detter use 66-lnch. 
05 5.42 H.41 12.56 3. i8 23.4 

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

V1.9 
1.174= 0.459 Dl.l or 2.56 Dl.l = V1.9 a~d Q= A V = 89 as before .. 

, Table 12 shows the results of trials of different sizes of this type of 

pIpe. 


TABLE 12.-Tcntative trials of different sizes of lock-bar pipe--problem 2 

-d-\--;;-~,-:-;'~~~.';;·:--'-~--~~:~-~-~~marks 

Feetper Square Second­
l!'ut /,'eet second lett lett
inche., 81. 7 Too small. 


00 '1'00 large.
5.00 5.87 15.03 4. III t9.tH 
(H 5.33 0.31 16.15 4.32 22.6 97.7 

86.5 Toosmnll.5.08 15.30 ·1.20 20.601 5,08 
21.0 89.0 Just right.

5,17 6.09 15.00 4.2402 

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 hus been prepared for the purpose of comparing pipes of 
variolls types and materials in the important matter of calTying 
cnpucity. With the exception of cust-iron pipe nU types and materials 
in general usc have been investigated by the DiviSIOn of Agricultural 
EUi;ineering I1lld the tables are bused on the reslilts of the investi­
gatIons. From this table curves can be quickly developed on log­
arithmic p!tper for a comparison of any sizes of pipes for any coefli­
cients between those listed. 1'his table likewise permits a comparison 
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between results 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 thij> study basic values are 
given in columns 3 to 11, inclusive. The proper value of $, 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 
is made to the latest recommendations of Williams and Hazen (180, 
p. 22): "For new cast-iron pipe 130 (in the Williams-Hazen formula) 
remains the appropriate value i but 140 is sometimes reached, and 
there is a record of one pipe with a value of 147." Williams and 
Hazen point out that all iron and steel pipe deteriorates in capacity 
with age, and suggest that a fair value for computation of cast-iron 
lines is a coefficient of 100, and for steel pipe a coefficient of 95. 

62210°-30-7 

,.j 
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.> 
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TABLE 13.-Velocities as computed by various formulas for given sizes oj pipe -with given jridion heads 00 

Velocities in feet per second 

~ 
iam- Fric- Scobey, K. for metal pipe William-Hazen, Cw Kutter, n Scobey 

tion1)
Iter bead C. Concrete pipe Woe(cI) (II) slav0._ 0.011 O.OlS 0.016130 120 pip

0.30 G.a! O.S! 8.36 0.38 O.!O j~ 0.5% 14. 
.

11' ± .... ua I"" Ln' 
I
tJ:j

I- -------­
17 18 19 20 21 22 23 24 25 26 

6 7 8 9 10 11 12 13 14 15 16
1 2 3 4 5 

1----- ---- -- ~ 
leA.. Feet 2.24 2.04 1.83 93 1 2

. 
23 1.78 1.46 2. 74 2.54 2.36 2.12 2. 2 

2.68 2.60 2.53 2. 2. 52 2.07 3.SS:194 2.85 2.75 2.41 2.30 2.20 2.86 2. 65 2. 45 
4.15 3.17 3.59 11.34 3.00 3. o

6 5.0 4.15 3.85 3.55 3.26 2. 96 2. 67 5. ,53.86 3.74 3.64 3. 47 3.31 3.18 3.07 2. 93 5.48 5.07 4. i3 4.25 
~
....6 10.0 4.24 4.10 3.97 5.16 4.73 4.30 a. 87 5.SS. 4.49

4.99 4.77 4.57 6.02 559 CIt
6 20.0 0.10 5.91 5. 72 5.55 5.39 5.25 

1.35 1.12 1.89 1.75 1.63 1.46 1. ,2 ~o
1.54 1.47 1. 41 1.85 1. 72 1.59 1.45 1.32 1.19 2.16 1.67 

4.23 3.9J 3.63 3.28 3. 96
12 1.0 1.SS 1.82 1.76 1.71 1.66 1.62 

:~. 29 4.40 4.09 3.78 3.46 3.15 2. 83 4.89 3.79 3.06 2.54 
4.63 O. .74.11 3.99 3. SS 3.77 3.59 3.43 4.33 3.60 5.98 0.53 0.15

12 5.0 4.40 4.24 
5.59 5.44 5.17 4.94 "1.....';4, ~.40 5. 95 5.49 5.04 4.58 3.14 6.93 5.37 ~

12 10.0 6.33 6.12 5.93 5.75 
2.05 1.64 2. (!()

2.10 1.94 1.78 1.62 1.45 2.90 2.20 1.85 1.56 2.37 2.19 !Jl
30 .5 2.22 2.15 2.09 2.02 1.96 1.91 1.82 1.74 1.66 2.27 

2. 36 2.12 4.07 3.23 2. 65 2.24 3.35 3.10 2.80 2.60 2. 94 

3.10 3.00 2. 91 2.83 2.75 2. 62 2.50 2.40 3.30 3.06 2. 82 2.58 
9.21 7.57 6. 37 9.48 8.77 S.18 7.34 9. 33

30 1.0 3.20 10.13 9.40 8.68 7.96 7.24 6. 51 11.64
,30 8.0 9.57 9..25 8.96 8.69 8.45 8.23 7.82 7.47 7.16 

------------------ -------- ~0.011 0.013 0.015 o.on
0.32 0.36 O.!O 0.44 O.iS 0.5% 0.56 0.60 O.G! 

-------- ~------------------
1.60 1. 36 1.18 2.01 1.86 1.73 1.56 1. 63 

1.41 1.35 1.30 1.25 1.21 1.86 1.73 1.59 1.46 1.33 1.19 1.93 
2. 72 4.50 4.16 3.S8 3.48 3. 99 >48 .2 1.74 1.64 1. 55 1.47 3.48 3.17 2.85 4.44 3.68 3.13

2. 92 2.82 4. 43 4.12 3.80 7.20 6.72 6.03 7. 34
48 1.0 4.06 3.82 3.61 3.43 3.28 3.15 3.03 

7.45 6.87 6. 30 5.72 5.15 7.73 6.42 5.46 4. 74 7.79
6.12 5.85 5.61 5.39 5.20 5.03 8.02 §48 3.0 7.24 6.81 6.44 

2.12 1.81 1.58 2. 59 2.40 :!.23 2.01 2. 3 
1.86 178 1.71 1.64 1.58 1.53 2.40 2.23 2.06 1.89 1.71 1.54 2.54 

3.62 5.79 5.36 5.00 4.49 5. 20
'72 .2 2.20 2.07 1.96 4.49 4.09 3.68 5.80 4.64 4.14

5.14 4.83 4.56 4.35 4.16 3.98 3.83 3. 69 3.56 5.72 5.31 4.90 
8.23 6.86 5.87 5.12 8.19 7.58 7.07 6.35 7: 64

72 1.0 
6.26 5.98 5.73 5.51 5.31 5.14. 8.31 7.72 7.12 6.53 5.94 5.35

72 2.0 7.41 6.96 6.58 ,72.87 2.67 2.40 2.
3.07 2.58 2.22 1.94 3.10 

2. 31 2.20 2.10 2. 02 1.94 1. 87 1.81 2.88 2. 67 2.47 2.26 2.06 1.85 
5.02 4.40 6. 93 6.41 5. 98 5.38 6. 27

96 .2,2.60 2.45 
4.70 4.52 4.36 4. 21 6.86 6.37 5.SS 5. 39 4.90 4.41 6.95 5.84 

8.49 7.8il 7.32 6.58 7. 64 I96 1.0 6.07 5.71 5.40 5.14 4.90 
5.22 8.54 7.93 7.32 6.71 6.10 5. 49 8. 52 7.16 6.16 5.39 

~ 1.5 7.52 7.06 I 6.68 6. 36 6.07 5.82 5. 60 5. 40 
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.l. " 

0.38 ~I-~~~ 0.'8 0.5% 0.38 0.68 0." 0.68 
- , 

0.014 0.815 ...17 .. ­-------­
120 
120 
120 

.2 

.6 
LO 

2. 78 
4.97 
6.50 

2. 63 2. 51 
4.70 ; 4.47 
6.15' 5.84 

2. 40 
4.27 
5.58 

2.29 
4.00 
5.35 

2.21 
3.93 
5.15 

2.13 
3. SO 
4. 97 

2.06 
3.66 
4. SO 

1.99 
3.55 
4.65 

3.32 
5.99 
7.90 

3.08 
5.56 
7.33 

2.84 
5.13 
6.76 

2. 61 
4.71 
6.20 

2.37 
4.28 
5.64 

2.13 
3.85 
5.1Y7 

2.77 
4.83 
6. 24 

2.58 
4.49 
5. 81 

2.27 
3. 95 
5.11 

1.01 
3.34 
4.32 

3. 57 
6.18 
7.97 

3.30 
5.71 
7.37 

3.08 
5.33 
6.88 

2. 76 
4.79 
6.18 

144 
144 
Hi 

.2 

.6 
1.0 

3.10 
5.52 
7.22 

2.93 
5.22 
6.83 

2. 78 
4.97 
6.50 

2.66 
4.74 
6.21 

2.55 
4.55 
5.95 

2.45 
4.37 
5.72 

2.36 
4.21 
6.52 

2.29 
~.1Y7 
5. 34 

2.21 
3.95 
5.16 

3.71 
6.71 
8.85 

3.45 
6.24 
8.22 

3.18 
5.76 
7.68 

2. 92 
5.28 
6. 95 

2.65 
4. SO 
6.32 

2.39 
4.32 
5. 69 

3.13 
5.43 
7.00 

2.92 
5.06 
6.53 

2.57 
4.46 
5. 76 

2.18 
3. i8 
4.89 

4.00 
6.92 
8.94 

3.70 
6.40 
8.27 

3.45 
5. 97 
7.71 

3.10 
5.30 
6. 93 

ISO 
ISO 
ISO 

.1 
5 

1.0 

2.45 
5.71 
8.22 

2. 31 
5.40 
7.78 

2.20 
5.14 
7.40 

2.10 
4.90 
7.06 

2.01 
4.70 
0.77 

1.94 
4.52 
6.62 

1.87 
4.36 
6.28 

1.81 
4. 21 
0.07 

L75 
4.00 
5.88 

2.94 
7.00 

10.18 

2.73 
6.50 
9.46 

2.52 
6.00 
B.73 

2.31 
5.50 
B.OO 

2.10 
5.00 
7.27 

1.89 
4.50 
6.54 

2.56 
5.70 
8.06 

2. 39 
5. 32 
7.52 

2.12 
4.71 
6.65 

1.81 
4.02 
5.69 

3.25 
7.26 

10. 27 

3.00 
6. 72 
9.50 

2.80 
6.27 
8.86 

2. 52 
5.63 
7.96 

240 
240 
240 

.1 

.5 
1.0 

2.B9 
6. 74 
9. 70 

2.73 
6.37 
9.18 

2. 60 
6.06 
8.73 

2. 4B 
5.79 
8.34 

2.33 
5.50 
7.99 

2.29 
5.34 
7.69 

2.21 
5.15 
7.42 

2.14 
4. 98 
7.17 

2.1Y7 
4.81' 
6.94 

3.62 
8.39 

12.21 

3.27 
7.79 

11.33 

3.02 
7.19 

10 .. 40 

2.77 
6.59 
9.59 

2.51 
6.00 
8. 72 

2. 26 
5.40 
7.85 

3.10 
6.82 
9.61 

2.90 
6.38 
9.00 

2.68 
5. 66 
7.98 

2. 21 
4.84 
6.83 

3.89 
8. 69 

12. 29 

3.60 
8.04 

11.37 

8.85 
7.50 

10. 60 

3.01 
6.74 
9.53 

288 
288 
288 

.1 

.4 

.8 

3.20 
6. 65 
9.57 

3.03 
6.29 
9.05 

2.88 
5.98 
8..61 

2.75 
5.71 
8.23 

2.64 
5.48 
7.89 

2.54 
5.27 
7.69 

2.45 
5.07 
7.32 

2. 37 
4.91 
7.07 

2.29 
4.70 
6.85 

3.95 
8.35 

12.14 

3.67 
7.76 

n.27 

338 
7.15 

10.40 

3.10 
6.56 
9.53 

2.82 
5.96 
8.67 

2.54 
5.30 
7. SO 

3. 49 
6.82 
9. 62 

3.27 
6. 39 
9. 01 

2. 91 
5.68 
8.00 

2. 51 
4.88 
6. 87 

4.36 
8. 72 

12.33 

4.03 
~OO 

11.40 

3.76 
7.52 

10. 63 

3.38 
6. 75 
9.55 
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The use of the Kutter formula for closed conduits is discouraged 
by nearly aU 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 "1 
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=0.012±. Likewise, while n=0.015 is about right for a new 
riveted pipe 8 feet in diameter, a value of 0.013 would satisfy the 
conditions with the lower velocities in the sa1ll8 riveted pipe if its .I 
diameter 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 for such reduction by means of a factor of safety applied <III 

as a design overload unless previous e~llerience with the particular 
water carried shows that no deterioration is to be e~llected. When 
thu modern concrete pipe line hilS 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 degree of capacity reduction from tim~ de­
terioration and the writer believes the data in column 26 will be 
found to represent within 5 per cent the actual flow in most stave 1 
lines up to 15 years of age. ~ 

CONCLUSIONS 

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

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

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

In irrigation use, where pipes are fed by cllnal water, extensive 
silt deposits may be expected unless scouring velocities arc available. 
For velocities under about 5 feet per second many of the irrigntion 
pipes of diameters under 14 inches, when tested showed marked tack 
of capacity compared with the same types or pipe under conditions 
which did not contr'ibute silt deposits. ~ 

No deterioration in capacity need be anticipated throughout the i., 

life of a pipe cttrrying watcr containing abrasive detritus at velocities 
nbove 10 feet per second. It is quite probable that neither coating 
nm iubel'rulation eould survive the erosion. However, the life of 
tll(~ pipe would be shortened by the scouring action. 
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The capacities of ~veted steel and analogous pipes, when new, fit 
in with comparable categories of other maverinls to an extent that 
leaves little room for dispute. Future research and improvement 
should be directed toward 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 
debris or silt is, of course, common to all pipes, although plate offsets 
and rivet heads offer initial obRtructions which tend to produce such 
accnmulations in ~reater degree than in some uther kinds of pipes, 
other factors remaming equal. 

Assuming the capacity of full-riveted pipe with plate less than 
one-half inch thick as 100 per cent, then cuntinuous-interior pipe 
(class 3) witt..out rivet heads will earry about IS per cent more, and 
girth-riveted pipe, but continuous on. the straight seams (class 2), 
will carry nearly 15 per cent more. With the same> base, thin-sheet 
(gauge-metal) pipes with flat-head rivets will carry 8 per cent more; 
heavy plate pipe of cylinder or taper joints will carry about 4 per 
cent less; and heavy plate, hutt-strap pipe will carry about 8 per 
cent less. 
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APPENDU 1 

The following pages are devoted to abstracts of descriptions of 
experiments made by agencies other than the Division of Agricultural 
Engineering, Bureau of Public noads. The number before each 
description refers to the corre'3ponciing numbers in column 1, Tables 1, 
2, 3, and 4. 

FULL RIVETED l'IPE 

No. 2.-7.71-lnch wroul/ht-lron riveted-sheet pipe-P"riH. France (35; 159; 67; 122, p. 135)-capncity 
+11.4 per cent 

This line of pipe, 365.3 feet long, was tested when Dew by H. Darcy, in 1851. 
The pipe units, about 9.5 feet long, had been bitumen coated before being joined 
with screw couplings. The material was smooth quality sheet iron, slightly 
tapering, with longitudinal seams held by rh'ets 0.2 inch ill diaIIleter. Quantity 
of water was determined by a ealibmted tank and loss of head by mercury 
manometers. This line anci line No. 10 are eklssed as full-riveted on the assump­
tion that retardation effects of exposed screw threads at the section joints would 
approximate those of a band of flathcad rivets. On this assumption the capacity 
was more than that called for by th(' writer's formula. 

Nos. 4 and 5.-Rlveted-sheet sleel plpe-Huaeal Dam, Sonoro, Mexico (78, p. 60I)-capacity -14.9 
per cent for lO-incb pipe, and -5.4 per cent for 8-incb pipe 

A new pipe line between reservoir and mill tanks at Nac()zari, comprising 
1.13 miles of 8-inch and 1.78 miles of lO-inch ri\'etec! pipe of H-gauge steel 
sheets, asphalt coated in 20-foot sectioI1s for the lower 3,000 feet of the lO-inch 
pipe ILn(\ lO-foot scctions for the rest. Buried length!! wcre ('oI1l1ccted by driving 
slip joints after the cUlitiug ILt the joints h/lel been lwatcd by burning kerosene. 
EXl)()H('d lengtlts were flllnge bolted, the Ilnngl'ti being rivet('d to pipe sections. 
Cltpac:ity tests were mude by H. iluwgoud wilen tile linc wus new, Velocity 
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was measured by color (potassium permanganate) through both 8-inch and 

lO-inch sizes and finally checked by volumetric measurement in mining tanks 

at the end of the line. The difference between highest and lowest determina­
A study of the retardation elements

tions by these methods is 1.33 per cent. 
for these two pipes shows a very marked friction loss as compared with other 

thin-sheet new pipes, this being especially true of the lO-inch line. 

~o. 9.-11·lnch lap-riveted sheet·lron pipe with taper joints-North Bloomfield, CaIiC. (158; 159, 

p. 241)-Capacity +3.1 per cent 

In 1876, Hamiltou Smith made tests of the cap!l.:!ity of three pipes in the 

'fhese lines, tl.bout 11, 13, and 15 inches ill diameter, respectively,
same trench,
mId about 700 feet long, were tested when 5 years old. All were of sheet iron 

[rom 0.044 to 0.078 inch in thickness, single riveted in the shop in lengths 

about 20 feet lung, then immersed in a boiling bath of asphaltum and coal tar. 

Ficici joints worc made by insertion of the smaller end into the larger end of 

20-foot Icngths, stovepipe fashion. When tested the rivet heads were worn 

Interim' surfaces were quite stllooth and practically
smoother than when ncw.

The three piprs were laid side by side across It sharp ravine
free 	from rusL
w.ith the outlet tunk about 25 feet bl'iow the box at the inlet. 


The qlJunlity, Q, was determiued by IL culibmted weir, some 600 feet by 


ditch, from the outlet. The maximum discharge was tested while the pipes 


were in ordinary lise. Lesser velocities were obtained by continuing the outlet 


cnd of the pipes by similar pipe units, on the same general risin" inclination as 

that leadin~ to the outlet tnnk. This uf course decreased the totnl loss of hcad 

Elcwations wcre determined by two le\'('llincs care­


and hence decreased the flow. 
fully run ft'OI1l hetld water to tail water and loss of head determined after mnldng 

allowance [or yelocit,,Y and entry hcads. Pipe diameters were found by measur­


ing SOlI1e 14 circumferences at equidistant points with a steel tape and making 


ullowance for shell thickness but not thickness of coat, given as possibly 0.001 


fool. Watrr surface dc\'ations in inlet tlIld uutlet pools were read to 0.01 foot 


partly and 0.005 foot pllrtly. 


No. 10.-1 t.22·jnch wrought. Iron riveted-sheet pip.,--Conduit No. 10, 1'uris, France (35; 159; 67; 122, 

p. 135)·-Capuc!ty +8.3 per cent 

This line appt'ar<; tu have becn of identical ('onstl'llction with No.2 aboye, 


('xc l'pt, that the pipe units tapcred to t~ dituueter O.O'! foot less at one end than 


at the other. The tests were conductcd by If. Darcy in a similar manuel' to 


that already d('~cribed. (p. lOLl 


No. 12.-13·inch lap.riveted Mheel·iron pipe, taper joints-North Bloomfield, CaIiC. (158; 159, p. 211; 
...

67)-Capacity +3.2 per cent 

One of thr('c pipes cil'scribed under No.9 above. The capacity is in accord ..
~

with Lim!. of i'io. 9. 

No. 	 ll.-I·'·inoh Inp-rh'ctcd "tcel plp<', cylindcr joints-New W(!stminster, British Columbiu (79, 


I'P. 71.90; 8(); 81)-Capacity -22..1 per ~ent for No. 13 and. -13.8 per cent for No. 13u 


Te"hl (tI·(, I'!'pol't('d by A. 11cL. lIawkR, C'ov('ring two observations on the 

wlLter slIpply tnlllk line fol' Nt'w \Vestminstcr, British Columbia. This steel 

pipe' WIlS 70,700 feet long; eylin<l('1' joints; 1<1, in('\l('s inside diameter of small('l' ~ 

l'oursei hot II<;Jllllllt dippcd; riveting doubl\! ill straight seams, sill!!le in girth 
'II

Bcams, 42 inelll's Ilpllrt, fut·tHing t'()llIplete ring around pipe onc-fourth inch less 

t hnn inside pipe 811r11; verticlll and horizontal alignment prncticalty straight. 


Tt'f'ts WN(' made in April, 1k\Hl, and February, lSflfl, when pipe was 3 !llld 6 


YPlU'S old, rt·s~)p('t:h·l'ly. qutUltity uf WtlLl'r nWllliurecl by weirs, checked by rise 


in f('s(·rvoir.

T('st No. 13 was mllde at velo!'iti('!; less than 1 foot per secolld. This fact 

probnbly ('lllISPc\ diflil'Ulty Ilnd error ill measurements us the re:mltiug capacity 
~

"as much k ..;,; than it should be, 

No. J5,-ltl.inch lup.rlveted .heet·iron pipe, taper joints-North llIuomfield, CuIiC. (158,.159, p. 241)­


Copllcity +7.2 per cent 


One of three pipes c\escrib('(l under No. 9 above. The capacity is slightly 

more thall that of Lhe othcr pipes ill the trenCh. 
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No. 16.-I6-lnch rlveted-sleel pipe, cylinder Joints-Astoria, Oreg.. cily supply (51, p.l: 86, p. Z9)­
Capacity +0.3 per cent 

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 diameter of the smaller courscs was full 16 
inches. Shccts wcre 4 fect long of 10-gauge and 12-gauge metal. Hot asphalt 
bath was applied after all riveting. Field girth joints were leaded under slceves. 
Straight seams were double rivetcd and shop girth seams single riveted. Ca­
pacity tests were inade of both stave and steel lines. Slope was determined 
by elevations of water in opcn standpipes 35,547 feet apart, the loss simul­
taneously determined in the previous 4,188 feet of stave pipe being deducted. 
Quantity of water was determined by uniform rise in the reservoir over a period 
of 18 hours. The long reach and high velocity should have given a very good 
test.. 

No. 18.-17-lnch lap-riveted wrought-Iron pipe, Texas Creek, CaUt. (158, 159)-Capaclly +9.2 per cent 

This pipe, experimented upon by Hamilton Smith, was constructcd of 14­
gauge to 9-gnuge wrought-iron sheets, 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 3,090 feet au irmer sleeve and outer baud, with 
lead between was used. The line was laid in 1878 and tested in 1878 and 1879, 
while carrying clear mountain water. It was unusually heavily coated. with 
asphaltum and coal tar. The inner surface was described as appreciably rougher 
than those of Nos. 9, 12, and 15. The length was measured twice. The interior 
diameter was accurately 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 great loss of head caused 
a velocity of over 20 feet per second. For the 1879 test, described as the more 
acceptarle, quantity was determined by flow over a 5.5-foot weir at the intake 
end of the pipe. '1'he high velocity would produce a smooth interior, conducive 
to a high capacity. 

No. 21.-18-inch riveted-steel pipe, taper joints-Force main to Solano Reservoir. Los Angeles,
CaIiC.-Capacity -.1.2 per cent 

In correspondence with the writer, J. B. Lippincott reports an excellent series 
of obsen'ations on the capacity of the line from Buena Vista pumping station to 
Solano Reservoir. The essential details follow. Pipe was laid in.1901 and tested 
in 1909. It was made of lO-gauge sheet steel, riveted in taper joints, and prob­
ably coated with asphalt dip. The line has one bend of 90° on a radius of 3 feet, 

J 

o inches, and other bends of the eomlllon elbo\\' type of 52°, 43°, 47°, and 10°, 
respecLh'ely. The quantity, Q, wus determined by displacement of pump, 1 
per cent being deducted for slippage, although this was known to be practicnJly 
negligible. Loss of head was measured from a point 40 feet beyond the pump to 
the reservoir 3,150 feet distant. Various observations showed that the [lump 
discharge held steadily throughout the measurements. Mr. Lippincott says:
"The facilities for observntion werc exceptionally favorable as there are no out­
1ets from the main and the level of the water in the reservoir, into which the pipe 
was discharging, did not fluctuate more than an inch during the whole time of 
thc test." 

No. 23-2·1.-2·1-lnch lap-riveted wrought.Iron pipe. cylinder joints-Hemlock Lake conduIt, Rochester. 
N. Y. (UO. p. 20; 86. pp.13. 30; 1l7; ].J·I; 122.• p. 203)-Cupaclty -17 to -20 per cent in 1890 and 
-Hi per cent in tB9I 

Fourteen years after the construction of the first large riveted-metal pipe in 
the eastern States, G. W. Rafter made capacity tests to ascertain the changes 
which had taken place si!l('c its cOllstruction in 1876. (Seu No. 150, p. 121.) 
The essentials of his test were as follows. QuaJltity was detcrmined by the rise 
in the rC'servoir and loss of head by water piezometers on a reach 1,901 feet long 
and by Bourdon-type ~lIages on a reach 10,541 feet long. Results were based 
on a discharge of 6,742,000 gallons per day. Thesc tests were importnnt as being 
the first showing either great decrease in capacity, or that the 1,876 tests were 
very inaccurate (86, 1). 18). One ycar after the Rafter test a similar teRt on a 
3,327-foot reaeh of the sllme pipe (No. 24) was reported by Kuichling (J 17). 
The retardation factors found showed a higher capacity than those of the yellr 
bcfore, 
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No. 25.-25.8-lnch lap-riveted wrought-Iron pipe-Humbug siphon, North Bloomfield, CaIiC. (158; 
159, p. Zl1; 61, p. l40)--<::apscily +16 I'or cent 

Contemporary with ,\he riveted wrought-iron pipes laid in San Francisco 
(Nos. 28-29), were simill\r pipes which conveyed much of the water used in hy­
draulic mining. Hamilttm Smith made tests on several of them between 1873 
and 1877. The Humbug ,1ipe line consists of a double-barreled inverted siphon 
across Humbug Canyon, leading as a main supply line to North Bloomfield mine, 
Calif. The pipes were each nominally 26 inches in diameter, of sheet iron only 
one-sixteenth inch thick, seamed with a single line of light rivets which formed 
little obstruction to 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 
computed velocity cheeked by timed velocity of wood blocks and stones. The 
test was not given full weight by Smith,.who questioned the quantity determina­
tion. The high velocity insured a polished interior, as indicated by the excess 
capacity. 

No. 26.-3!l-lnch lap-riveted wrought-Iron plpe-Cherokee siphon, CaIiC....nla. (159, p. 231; 61, p. 156: 
9, p. 56: 121, p. 19J)-Cap8city +10.3 per ccnt 

An ex,ample of the bold construction in the days of hydraulic mining in Cali­
fornia is fouud in this long siphon pipe made of sheet iron but operating under a 
maximum pressure head of 887 feet. Hamilton Smith reports tests he made 
when the line was 5 ycars old. The elements of these tests follow. The line was 
2~ miles long, eonveying water for mining purposes across a canyon. Pipe was 
double-riveted 16-guuge sheet iron, coated when new with boiling asphaltum 
and coal tar. It was t-:sted for capacity in 1876, the quantity of flow being 
determined by flow through" standard orifices." Length and loss of head were 
aseertained by engineers of the company owning the pipe. At the time of test 
the interior snrface wus very smooth except for rivet heads which formed "note­
worthy obstructions" for over half the length. 

Becuuse of high v('loeities and clean scoured condition the excess capacity may .... 
be taken as verification of the formula for average conditions. 

No. 27.-30-inch riveted laminated wrought-iron Baden-Merced line, Spring Valley Water Co., San 
Frunclscc>, Calif. (J36)-Capacity, -1.4 per cent 

In I9ll, J. N. LeConte of the University of California made gaugings on many 
of the trunk lines of the S!l.11 Fmncisco 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-metal lines of large size in this country. They were 
all dipped in refined natural asphalt. The detail measurements of some of the 
gaugings are not now available as the original notes can not be located. The 
others Ilre quite complete and the presumption is that the same methods of testing 
were used throughout. As it is possible that eomplcte figures will be available 
at some future time it is thought best to include meager data at this time and 1thus reserve spacc for additional elements. In these tests the quantity was 

determined by pitometer traverses across two diameters. The loss of head was 

found by tested gauges of the Bourdon type. This reach of the Baden-Merced 

line, wus 5 miles long ancl approximately 5 years old at time of test. 


No. 28.-30-lnch Sun Andreas line, Baden to College Hili, Spring Valley water Co., San Francisco, 

Callf.-Capacity +29 per cent 


See No. 2i for gcneral notes. This line, laid in 1870, of 9-gauge and ll-gaun.;e 

shcets, shows v!dues of K.",.0.44 and Cw equal to 110 after 42 years of service. 

This is a remark:tble showing for either the efficiency of the originul coating on 

this metal or the nonuggressive qualities of the water carried. 


No. 29.-30-lnch riveted Inminaied wrought-Iron plpe.-Pllarcitos line, Daly Hili to Lake Honda, 
Spring Vnlley Water Co., California (136) ~ 

See No. 27 for general notes of the LeConte tests. This line was 1 mile long. 

At 47 yeurs of age the value of Cw was 91.5, which indicates much more deterio­

ration with age than (\ocs No. 28 above at ,12 years. 


.. 

'. 


http:K.",.0.44


-----------
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No. 3O.-33-lncb riyeted_1 "Ipe, cylinder Joints-Bull Rom conduit No. I, Portland, Oreg. (160:116, p. 503)-c..pacity +5.8 per cent 

I. W. Smith reports tests on cast-iron and riveted-steel pipcs from 24 to 42inches in diameter. The riveted steel portion of the line extended from thesource in Bull Run River to a reservoir near Willamette River. Tests were madein 1896 on three sizes of pipe as follows: 

Siz5 Length Bends Totni Maximum Minimum
sngle radius radius 

lru:h .. Fut 0 Feet Feet
33 34,116 85 404 38 1435 30,S2\) 141 782 38 38
'2 00,065 2'.15 1,033 38 14 

.~---.~-

Quantity of water was measured over a weir at the intake end of line, and alsoby the rise of the reservoir surface. The pipe was all made of 60-inch sheetswith cylinder joints, double riveted on straight seams and single riveted on ~irthseams. Size was computed on the basis of interior diameter of smaller rings.Shop units were coated with hot asphaltum, which rounded oIY the ex~osededges of the rings.

inch thick). 

Both. the 33 and 35 inch lines were built of No.6 steel (0.203 


No. 32.-35~lncb riveted-steel 	pipe, cylinder Joints-Bull Run supply main, Portland, Orel/. (160:1111, p. 503)-Capaclty +9.1 per cent 

For details of tests l'y 1. W. Smith see No. 30 above. 
No. 3G.-36-incb lap-riveted steel pipe, cylinder joint-Belleview to Soulh Orang" Avenue, Newark,N. J. (86, p. 3Z)-Capaclly -1.3 per cenl 


General data under No. 58 apply also to this pipe. 
 It is a 5-mile invertedsiphon across a valley, mostly in city streets. All is of X-inch steel plate. Thereare six curves with radii of 83 feet or less; all well rounded and smoothly fin­ished. No. 35a, a single run taken when the pipe was 4 years old, indicated theusual decrease in carrying capacity. The results agree very closely with thewriter's formula when type, class, and age of pipe are all considered. 
No. 37.-3G-lnch rlveled lamlnaled wrougbt-Iron plpe-Ah,n.eda pipe line trom Niles 10 Belmont­Spring Valley Wuler Co., San Francisco, Calif. (I36)-Capacily +8.5 per cent

See No. 27 for general notes of the LeConte tests. This experiment was car­ried out in 1911 011 a reach of 114,400 feet frolll the beginning of the line to Bel­mont, Calif. The pipe was made of 7 and 9 gauge wrought-iron plates laid in1887-88 and was still in good condition in 1()25, except 2 miles through swampland. The test Included 6,467.5 feet of San Francisco Bay-crossing pipes, twopipe9 each 16 inches in diameter, and two each 22 inches, of %-inch steel tubing'vith ball-and-socket joints. 

No. 3B.-3S-lnch riveted-Iron pipe-Alameda pipe IIne-Spring Valley Waler Co., San Franctaco,CalIC. (I36)-Capacity +9.3 per cent 

See No. 27 for general notes of the LeConte tests. This pipe, a portion of the20-mile Alameda line from Niles to Belmont, Calif., was laid in 1887-88. It wasTYJ.ade of 9-gauge wrought-iron plates. 

No. 39.-36-ln<b rlveled wroul/bl-lron plpC-Conduil No.1, Rocbester, N. Y. (1·10, p. 11: 116: 111:
IZZ, p. 203) 


Rochester, N. Y., was one of the first eastern cities to install a large riveted­steel pipe for municipal supply. Conduit No.1, from Hemlock Lake to RUshReservoir, was built in 1873-1875. Conduit No.2, built in 1893-94, also con­veys water between these reservoirs and extends around and beyond RushReservoir, a distance of nearly 9 miles, to Cobb's Hill Reservoir. Its intake endis in White Bridge overflow chamber, some 12,000 feet from Hemlock Lake viaa brick conduit. Conduit No.3, built in 1914, extends from the overflow lllen~tioned to Cobb's Hill Reservoir, with a pipe connecting to Rush Reservoir as itpasses. J11 discussion of these conduits "southern division" should be under­stood 1;0 cover the rlistance from Hemlock Lake to Rush Reservoir, and" north­
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ern division" the distance between Rush Reservoir and Cobb's Hill Reservoir or 
I

Mount Hope Reservoir.
The RMter and Kuichling tests, listed as numbers 39 and 39u, were on part J 

of the compound pipe consioting of 150,776 feet of 36-inch wrought-iron riveted 
'I

pipe at the intake from Hemlock Lake to uir vulve No. 53; then 15,500 feet of 

2A-inch wrought-iron rivcted pipe; then 35,772 feet of 24-inch cust-iron pipe to 

Rush Reservoir. This line, now C!\Uecl conduit No.1, wus first tested for capac­

ity when new. Quuntity was determined by the rise in Rush Reservoir, und lev­

els by dilIerenee in elevation of water surfaces in the two reservoirs. (See No. 

150 for further comment.) Deductions possible upply only to the compound line, "
J

as local losses were not determined. After 14.6 years tests were uguin made and 
From 1897 to 1920, lllany tests were

u greut reduction in cupncity was noted. 
Illude ut varying intervalii, on the reach extending from Hemlock Lake to air 

This pipe was made of ;v.u-inch\­
valve 53, thus covering only the 30-ineh pipe.

The reallh hud at least 60 abrupt angles or elbows ~,
plates and coated with tar,
ranging from 5° to 40° and 37 air valves. The indicated capacity for the reaches 

of conduit No.1 was appreciably below that called for by the writer's formula. 

N ..... ·10 and -Il.-3S-inch lap-riveted steel plpe-Condult No.2, Rochester, N. Y. (lOl,116)-Cupacily 

+6.7 pcr cent for 1396 runs IUld +15.6 per cent for llW7 runs 

For geneml notes on the Rochester mains sec No. 39. In 1896 und 1897, 

E. Kuichling made capllcity tests at ViLrious velocities for a reach in the "middle
This pipe was constructed ill

section" of the new conduit nearly 9 Illilcs long. 
1893-!H of }., to % inch plates. In 1896, tests were couducted by timing the 

rise in the reservoir o\'er per:ods of fl'QUl 8 to 26 hours. Allowance was made 
The loss of head was measured by mercury col­

for eYltpomtioll ILUd leakage. 
Ullll1S ('orrccled for temperature. The resulting values of Chezy's C are not 

consistent, and Kuichlin!5 calls these obtil'f\'ations "0111y .!1pprOximllte." For 

this rcm;on the observatIOns luwe been given IL C rating. However, similar 


test!> ntIl in 1807 are described as "made with the utmost care" alld it is not\ld 


that the retardation factors are reasonably consistent. 


No. 42.-38...inch hlp-riveted steel pipe, cylinder joints, southern division, conduit No.2, Rochester, 

N. Y. (116: 1 J.l, I'l" 62, 66; l:1:1)-Cupacity +9.3 per ctmt 

See pipe No. 39 for gcncml description of layout of Rochester conduits. This 

portion of conduit No.2, [mill White Bridge overflow to Rush Reservoir, 17.3 


miles long, was ll1mle of plates olle-fourth to three-eighths inch thick, l!Liel in 


1893-0·1. Till:; rCl\chwns gauged by the wl1ter department of the city of Rochester 


once (II' of tuner etlch yeLLr frum 1897 to 1920. The quantity of water wus cle­


tennilled by Lhe rise in the reservoir. ovcr pcriods mnging frolll 3 to 12 hours. 


These te:lbl, 28 in number, showed 11 gmdual dccrease in capacity. In order to 

S!\\'ll spt1.ce tlnd make this tendcncy to dccrcase more uppt1rent, these tests arc 

grouped ('l't1.ble 1) into 5-year periods, values of all fUllctions and retardlLtion 


factors being Iwcmgcd after the lalter were computed for each individual test. 


However, in Figure 7, showing the deteriomtiol1 in capacity of vluious pipes, 


the individual values ure plotted. 


No"" ·,a.-38-lnch lap..r1vctud Htccl pipe, cylinder joints, northern division, conduit No.2, Rochester, 

N. Y. (ll6; .l4J, fJfJ. 62, 65; l:12)-Cupllclty +4.2 per cent 


Sec pipe No. 39 for geneml layout of Rochester conduits. This portion of 


conduit No.2, from Rush Reservoir to Mount Hope Reservoir, 8.6 miles long, 


of plates one-fourth to three-eighths inch thick, W!LS laid in 1893 and 1894. 


The city of Uochester made periodic gaugings, 27 in number, amI the resulting 


dahL !He grouped as described under No. 42 above. 'l'he duration of the test 


periods rauged from ,1 to 10.8 hours. 


No..1,1.--:l8-lnch hlp-riveted steel pipe, cylinder joints, northern division, conduit No.2, Rochester. 

N. Y. (1l6; /.J.I, fJfJ. 6:1, 69)-Capaclty +5.3 per cent 

See pipe No. 39 for general layout of Rochester conduits. This portion of 


conduit No.2, from Rusll Reservoir to Cobb's Hill Reservoir, 7.7 miles long, 


WII.') made of plate one-fourth to three-eighths inch thick. During the period 


fnJ'1l 1012 to 1920, the city of Rochester made cight gaugiugs euch covering a 


period of fOllr to se\'cn h(}urH. The rcsulting dahL are plnced in two g['oups as 


described under No. 4~ above. 
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No. 45.-42 linch rlveted·steel pipe, cylinder jolnl&, Hull Run conduit No. I, Portland, Oreg. (160: 
1l6, p. 50J)-Capaclty +8 per cent In 1896 and +22.4 pcr cent In 1915 

For detldls of tests by 1. W. Smith see No. 30 above. The 42-inch part of 
the line WD./I constructed of metal 0.188, 0.23'1, and 0.375 inch thick. In August, 
1915, anot.her t"st of this portion of conduit No.1 was made by F. 1\-1. Randlett. 
(No. 45[ •.) The line was then 21 years old, but the retardation coefficients 
showed tittle increase in the roughness of the pipe. The indications are that 
the water conveyed in the Poriiand mains is dif'tinctly nonaggl'essive. The 
writer is indebted to B. S. Morrow, engineer for the bureau of water works of 
Portland, for data covering the test by Mr. Randlett. 

No. 46.-42_lnc.h lap-riveted steel pipe, taper joint-Kearney ""tension, Newark, N. J. (86, p. 33)­
Capndty-2.3 per cent 

General data under No. 58 apply to this pipe also. This line was 55 per cent 
of ;~6-inch plate with the balance about equally divided between )4 and %inch 
plate. Herschel comments to thc effect that the interior coating was "unusually 
smooth." 

Nos_ .17 lind .18.-42-lnch la[l-r1,·~ted steel pipe, t.wer joint-conduit No.2, below Pompton Notch, 
Newark, N. J. (86)-Cllpacity within 2 per cent of formula 

Some five years after the construction of conduit No. 1 (No. 58) a second pipe 
was laid alongside it. Above Pompton Notch the new line was of the same diam­
eter, 48 inches, but below the notch the sizE' was decreased to 42 inches. The 
type of construction was changed from cylinder courses to taper courses. The 
42-inch line is some 55 per cent of 7~-inrh plate and the balance nearly all of 
~J6-inch plate. Presumably the other data regarding all capacity tests and coat­
ing can be found under description of No. 58 on page 108. 

No. 49.-I·I-inch loper-Jointed riveted-steel pipe-Crystal Springs conduit, Los Angeles, 'Calif. ­
Capacity +5.5 per cent 

This pipe, extending from Crystal Spring settling basin to Buena Vista tunnel, 
a total length of approximately 16,900 feet, was laid about 1889 to supply do-' 
mestic water to the city of Los Angeles. In 1918, E. A. Bayley conducted tests 
for retardation losses over four sections of this line, as follows: 

If'! I~~~ Location Feet 1 Remarks 

-I-.-------·~~-- i--: 
4Da Settling bllSin to manbole No.7•. _____ •____________________ • __ .' 491.1; Perfectly straigbt. 
49b! 1'>lnuholo No.7 to manholo No. 8.._...______• __ •____ ••• ____..... 1,1354.8 II A few bends. 

·!!Ie i )[Ilnbole Ko. 8 to mauhole No. 9...... __ •••• __ •••_____ •____ .•_.' 1.739. 0 

.J\ld 1Mnnhole ~o. 0 to manhole Ko. 10._._...____ ...____•• __ ••••• _.. '~~: 


..4~J :~~t~l, ~~t~ln~b.~fu to.~ole NO.l~:.~~=~~~~=~_:.~~~~.I_,__._______ 
Throughout the reach the line waR under slight pressure, the water rising in 

eltch manhole to the hydraulic gmdicnt. Lines of checked levels were run be­
tween ends of the reach and bench mark!'> established directly over each point 
of obs~rvation. Ever.\' few minuteR throughout the four hours of test, the eleva­
tion of tile water surfaC'e in the manhole'S Waf> detennincd from these datum 
points. The surfa('(\ and hence the flow remained quite constant throughout the 
TUll, Ole greatest variation bein~ only 0.(14 foot, and this in but one reading. The 
(ltilLJltity of water waR determined hy 2·1 ads of five observations each with It 
r('cently-rated Cllp-tvpe current mf'i('r.

Tlw J'ctardatioll e'oeflici(,llts, uS determined from these ob~ervations, are not 
consistent. The fir~t reach, No. <IOn, W[lS too short for a good test. The (0j-a1 
loss of head between water surfaccR inclmler! entry and velocity heads, which 
involved moro than 30 per cent of the total. However, thesc items as measured 
cheeked with the theoretical entry and velocity heads. The coefficients for this 
rClLch indicate the smoothest section of the pipe. Vsually the initial reaches of 
pipe, just below a reservatI', show the greatest. losses 

l\Iora weight should be given the longer reaches of pipe, where the gross loss 
of hend ()vcl'Khadows expcrimental enol'S, especially as measurements of los.; 
were only taken to the nearest hundredth foot. 
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No. 50.-I-i-Inch rivcted-stecl pipe-San Andrcas pipe line-Spring Valley Water Co., San Francisco, 
Call!. (136)-Cupadty +15.2 per c"nt 

See No. 27 ll.bo\'e for general notes on the LeConte tests. This line made of 
H-illeh iron plntes, extending from San Andreas to Baden, a distance of 29,000 
feet, WIlS laid in 1898. Test was made on a portion 19,100 feet long. 

No. 51.-.H-inch rh'cted laminated wrought-iron plpe--Crystal Springs pipe line, Crom Millbrae to 
Sierra l'oint-8pring Valley Wuter Co., San Francisco, Call!. (136)--Capadty +4.8 pcr cent 

For gencral notes on the LeConte tests see No. 27 above. The quantity of 
flow was mcasured over a 13}Hnch weir at University Mound and loss of head 
determined with tested gauges of the Bourdon type. This line was 18 miles 
long, made of No.6 and No.7 wrought-iron plates, and was laid in 1885. It 
still gives good sorvicc (1925). 

No. 52.--l-I-lnch rlvetcd laminated wrought-iron pipe--Crystal Springs line, Crom Sierra Point to 

UniverHity ;\luund-8pring Vallcy Water Co., San .'rancisco, CaIiC. (l36)-Capadty -6.6 pcr cent 


For genom\. notes II: the LeContc tests see No. 27 above. This is another 
pari, of the 18-mile linc listed 11.I>O\'C (No. 51). Although the two parts of the 
line arc of the S[Lme age, No. 52 shows the lesser eapacity. 

Nos. 53 to 57.-17-inch rivcted-stccl pipe, East Jcrsey Water Co.-Various portions oC conduit No. t, 

below Pompton Notch, Newark Supply Mllln (86, p. Z7; 122, p. 2lJ) 


Description is similar to that of No. 58 below, except that this reach of 16 
miles is less broken (wd the pipe is one long inverted siphon, all below the gradient, 
but cro6!lin~ two high hills. ReHch No. 53 is mostly of ,ir-ineh plate. About 
half of No. 54 is three-eighths inch thick and a third one-fourth inch thick. No. 
55 is mostly h-inch plute. Half of No. 56 is ~~-inch plate and the balance of 
7'[6 and %-inch plate. Two-thirds of No. 57 is )-.i-inch plate, and the balance 
divided between ~16 and %inch plate.

Eleven years after lhe tests just described were made Thaddeus Merriman 
experimented upon a reach of the same line about 9 miles long (5711.). No com­
ment was made rcgarding the condition of the pipe interior or thc methods of 
test, but they are probably similar to those mentioned under the other Merriman 
tests of this water system. (See No. 58.) . 

A study of the last columllin Table 2, for this series of numbers, shows that 
the capacity depreciuted about in accordance with formula No. 12, page 10, 
and the agreement with I,he writer's capacity formula is quite close with a few 
exceptions. 

No. 5!\.-18-lnch cylinder-joint, lap-riveted steel pipe--Conduit No. t, above Pompton Notch, East 
IJersey Water Co.. Newark, N. J. (85; 86, p. 27; 122, p. 208)-Capacity at l5\h years, -13.9 per eent 

Soon after the completion of the seeond large riveted trunk line in the eastern 
part of this country (No. 39 was said to be the first), tests were conducted by
.T. Waldo Smith, then assistant to Clemens Herschel, who reported these and 
other tests to the total number of 115 (86). The line was constructed of lap­
riveted plates from one-fourth to three-eighths inch thick, rolled into cylinders, 
alternately larger and smaller, which were dipped in asphalt. Plate edges were 
beveled, and rh'et heads, driven in both shop and field, were well formed. All 
bends, both vertical and horizontal, were made with one of four predetermined 
curves. The maximum radius was that of a 100 curve--573 feet. The reach 
above Pompton Noteh, more than 5 miles long, extended from station 0 to 
station 309. The major portion of this reach was experimented upon in 1892 
and 1896. Smith measured the flow ,e-ith Venturi meters and the loss of head 
with tested gauges of the Bourdon type. These gauges are acceptable for very 
long renches of pipe but are not graduated fine enough for short reaches. 

Eleven years after tests reported by Herschel, an additional experiment was 
made by Thaddeus Merriman. Nearly the same reach was tested (No. 58c). 
Quantity was measured by the old Venturi meter, after the throat had been 
cleared of deposits of organic growth from one-eighth to three-fourths inch 
thick. 

No. 59.-.18-lnch taper-joint riveted-steel plpe--Condult No.2 (above Pompton Noteh), East Jersey
Water Co., New Jersey (86, p. 28; 122, p. 210)--Capaclty when new, -6.t per cent; when t5~~years 
old, -12.6 per cent 

For general description of tests reported by Herschel, see No. 58 above. 
Reach No, 5\> was put in lise in 1896, parallel to conduit No.1 above. Note 
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that a change was made from cylinder to taper joints. Since this test and No. 58 
were both 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 j0ints. 
If the average values of retardation factors be taken at face value it appears 
that the pipe with taper joints carries only 92 per cent as much water as the pipe 
with cylinder joints. However, a comparison of the tests made in 1907 by 
Merriman indicates tht-It the cylinder-joint pipe (No. 58) is slightly below the 
tupel'-joint pipc (No. 59) in relative capacity. 

.Eleven years after tests by Herschel, listed as No. 59 above, a series of four 
tests was made by Thaddeus Merriman (June and October of 1907, No. 59a). 
The .Tune tests covered a reach of 28,535 feet and the October tests a reach of 
24,6~1l feet. The pipe was very rough, the tubercles ranging from 25 to 40 per 
square foot. The deepest pitting was about one-sixteenth inch. Before the 
tests the meter was cleancd as described for No. 58c. 

No. 60.-52-inch lap-riveted pipe. taper-joint siphon. main supply conduit. LOll Angeles city water 
works. California-Capacity +8.7 per cent 

In correspondence with the writer, J. B. Lippincott reports details of a test on 
a siphon in the main supply pipe that had been in continuous operation for 5 
years (/12, p. 81). It was built of three-sixteenths-inch plate with taper joints, 
each'~ feet long. Straight seams were double riveted and girth seams single riveted_ 
The pitch of the flat-headed rivets was 1~ inches. Diameter was one-eighth inch 
scant Itt lap or girth seams. The developed length of the siphon was 3,666 feet, 
with a maximum sag of 65 feet below the hydraulic gradient. Loss of head 
betweeLI water surface at intake and outlet, as determined by checked lines of 
levels, was 1.84 feet. No corrections were necessary for velocity changes or 
cntry head. 

No. 6l.-54-inch riveled laminated "roueht-iron pi_Alameda pipe line. Spring '/Mley Water Co., 
San Francisco. Calif. (136)-CapacitT +5.1 per cent 

See No. 27 ahove for general notes of the LeConte tests. This line, of nine­
thirty-seconds-inch plate, was laid in 1903. 

No. 62.-59-inch riveted-steel pi_Munroe penstock No.1. Munroe Mill. Mass.. (122. p. 202)­
Capacity -7.3 per cent 

These tests wcre 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 this had been contracted by tubercles, after three years, to 4.925 feet. The 
penstock originally was coated "with some coal-tar preparation." Mills sup­
plies no description of plate thickness, method of jointing, or rivets. Flush 
piezometers sct 200 fcet apart, brought water columns to gauge gJasses beside a 
single scale, by means of small copper tubes. Quantity was measured over a 
weir below the ouf;lct. The results of this series of tests were remarkably con­
sistent (or such a short reach on a large pipe. 

No. 64.-72-inch taper-jointed riveted-steel pipe oC Jersey CitT Water Co.• New Jeresy (122. p. 217)­
Capacity when new, +6.4 per cent-at 2 years, -2.7 per cent; at Ii years, -15.6 per cent; and at
13 y(!urs. -8.6 per cent 

This series of tests was made on a reach 9.3 miles long. The pipe was made of 
plates from five-sixteenths to eleven-sixteenths inch thick, with one longitudinal 
scam double riveted; girth joints, from 5 to 7~ feet apart, were single riveted. 
The pipe rings were dippcd horizontally in Gilsonite. In the line were ten 
48-inch gate valves, rcquiring rcducing and enlarging tapers betwecn sections 
of standard diameter, also 22 horizontal and 94 vertical changes in direction_ 
At summits wcre 28 air valves and at sags 15 blow-offs. There were also 53 
manholes. Tests were made by .T. Waldo Smith when the pipe was new and at 
various times thereafter until the line was 13 years old. The quantity of flow 
was mcasurcd through a Vcnturi meter at the downstream end of the line. The 
method of determining loss of head was not described. 

No. 65.-72-inch hutt-jointed. triple-riveted steel pipe-Penstock. Halsey power house. Pacific Gas 
& Electric Co•• Placer County. Calif. (127)-capacity +5.3 per cent 

In 1916, tests werc made by R. A. Monroe on the Halsey penstock much as 
were thosc described for the Drum and Wise plants. For description of piezo­
mcter rings and gauges scc No. 68 bclow. On this penstock. however, a Venturi 
mcter was available for the measurement of quantity. After passing the meter 
and reach No. 66, water flows through a butt-strap pipe of which a reach 319.9 

I 
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feet long was chosen for test. As the whole penstock was new and the same meth­
ods of experimentation were used on both No. 65 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 velocities. However, for those above 
6 feet per secoud the average value of C In was 114.1 for the cylinder-joint, lap­
riveted reach, and 105.1 for the butt-jointed reach with an excessive number of 
rivet heads and the interior butt straps. The plate thickness was three-eighths 
inch, but this had no direct influence on the capacity, as in the lap-riveted pipe. 
(See No. 66 for other notes.) 

No. 66.-72-inch lap-Jointed, douhle-rlveted steel pipe-Penstock, Halsey Power house, Pacific Gas 
& Electric Co., Placer County, Calir. (121)-Capacily +8.9 per cent 

In 1916 tests by R. A. Monroe were made on Halsey penstock, similar to those 
on the Drum and Wise penstocks. For description of piezometer rin~ and gauges, 
see No. 68. On this penstock, however, a Venturi meter was available for the 
measurement of quantity. A series of 11 flows at velocities from 2.3 to 11.7 
feet per second gave a most acceptable set of tests, especially as it is stnted that 
proper correction was made for difference in temperature between the water 
in the penstock and that in the static line. This reach was 583.4 feet long and 
contained three bends--one horizontal and two vertical. Plate thickness varied 
from one-fourth to three-eighth inch. This line was now at time of test. The 
tested reach was on the final steep slope leading to the power house. Beyond 
the lower ring tho water entered the butt-strap pipe of the same size (No. 65). 
Two coats of a special graphite were brushed on both inside and outside of this 
penstock. It was designed by use of Williams-Hazen formula, with C",=lOO. 
The observed values are erratic for velocities below 6 feet per second. For the 
higher velocities the average value of Cw for this new pipe was about 114. 

No. 67.-72-lnch butt-Jointed, triple-riveted steel pipe-Penstock, Drum power house, Pacillc Gas 
&: Electric Co., Placer County, Calif. (U7)-Capacity +6.6 per cent 

Simultaneous with the tests described as No. 68 below, identical tests were 
conducted by Mr. Monroe on the new butt-strap pipe. A reach 423.9 feet long 
was chosen along a relatively straight portion of the line. The same type of 
equipment was used and losses were determined for the same flows and one 
additional. 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 were 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. 65, which is 
a comparable pipe. However. the range of velocities for No. 67 did not include 
any beyond about 3 feet per second, while the results of tests on No. 65 did not 
become stable until a velocity of 6 feet was reached. 

No. G8.-72-lnch lap-Jointed, double-riveted steel pipe-Penstock, Drum power house, Pacific Gas 
& Electric Co., Placer County, Calir. (l27)-Capacity +20.6 per cent 

In 1916 a single penstock served the Drum power house. It consisted of a 72­
inch lap-jointed pipe for 3,341.6 feet; then 795 feet of butt-strap pipe of the same 
nominal size. This penstock was given one shop coat of green graphite and a 
field coat of black graphite, both coats being brushed on. Immediately after 
constructiOl! R. A. l\1onroe made tests on the first sag of the penstock, 1,489.6 
fcet in length of reach. Piezometers were connected to the pipe nt four points 
on the circumference. These piezometers were attached to a 2-inch air pipe 
paralleling the penstock. At the lower ring a differential gauge, containing car­
bon tetrachloride, served to indicate the loss of hend between rings. The quan­
tity of flow was determined by measuring the fnll of water surface in t.he forebay, 
with corrections for predetermined seepage loss and rainfall. Thi~pcnstock 
was designed by the usc of Williams-Hazen formula, using a value vf Cw=100. 
If the two observations at velocities less than about 3 feet per second can be con· 
sidered inclicati ve the value of Gin when the pipe was new was about 130. The 
results of these tests should be used with caution. 

No. 69 and 69a.-72'1.-lnch double butt-strap, triple-riveted pipe-Penstock, Pioneer Electric Power 
Co., Ollden, Utah (70, 116, 117)-Capacity when new +2.6 per cent; when 2 years old, -2.5 per 
cent 

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 conduit is 31,600 feet long of 
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which 27,000 feet is wood-stave pipe, 721'. inehes in diameter, between reservoir 
and surge chamber; 4,600 feet is a riveted steel penstoek averaging 72}4 inches 
in diameter. Soon after its completion in 1897 Professors. Marx, Wing, and Hos­
kins of Stanford University tested the retardation losses in both stave and steel por­
tions of the line. Results for the stave portion were entirely unexpected and with­
out precedent. Tests W'lre repeated in 1899 but with approximately the same 
results (152). Practically the entire length of the portion of the steel line tested 
consisted of riveted pipe, straight in plan view but with profile broken by 13 
vertical elbows of 30 feet radius and one of 40 feet. Joints abutted, with longi­
tudinal straps both inside and out. Plates were from three-eighths to eleven­
sixteenths inch thick, with one-sixteenth inch increments. Sections were 9 feet 
2 inches long, shop riveted and then dipped in a mixture of grade C, California 
asphalt and natural liquid asphalt maltha. The process of dipping took nearly 
one hour per section, but gave good results. Slow withdrawal developed a smooth 
glossy coat with very few wrinkles. Obstructions to flow eonsisted of six straight 
and four girth rows of low cone rivet heads and a continuous band of interior 
strap HI inches wide and threc-eighths to one-half inch thick along the top of the 
pipe. Loss of head was determincd by mercury gauges of pot-and-eolumn type. 
Quantity of water was measured with a Venturi meter. Enough points were 
observed to justify the eonsideration of these experiments among the best for 
this type of pipe. 

For velocities below 2 feet per second the results of the tests are very erratic, 
hence only the observations at veloeities above 2 feet per seeond were considered 
in arriving at the equations for the pipd flow and in computing average values. 

No. 70.-77-inch lap-Jolntcd riveted-steel pi_Munroe penstock No.2, Essel: Co., Lawrence, 
1\1888. (122, p. J98}-Capaclty +3.1 per cent 

This line was constructed in 1881 of cylindrical plates three-eighths inch thick. 
The joints were lapped and riveted. The pipe was coated with asphalt which 
appeared to be effectual in retarding tuberculation but which acquired a coating 
nf slime and a few patches of sponge. Tests by H. F. Mills from time to time 
from 1888 to 1895 indicate dcterioration according to the formula 

IJ=0.0412 (1+0.17.{t) V7, where t is time, in years of age. 

Dctails of these tcsts wcre not given by Mr. Mills. 

In 1896 the penstock was repainted with coal-tar pitch "that did not harden 
well but remained for a time sticky to the touch." This painting was done after 
the pipe had been brushed but not scraped. According to Mr. Mills' tests made 
after an interval of three days indicated. 

1I-0.0547 V' 

and other tests macle from time to time until 1903 showed the coefficient 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 tests mentioned, the quantity of flow was measured over a 
weir below the pipe outlct. 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, but Mills was in a position to make careful 
piezometer conncctionf'. 

No. 71.-84-lnch riveted-steel pi_flow line to Big Creek No. 1 power honse, Southern California 
Edison Co., Cascads, Calif.-Capaclty -1.6 per cent 

Water from Huntington Lake flows through 0.73 mile of 12-foot tunnel and 
9-foot conduit before reaching the 7-foot pipe tested by H. L. Doolittle. 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 taper 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 velocity heads in the two sizes of conduit. This line 
was 10 ycars old at the time of test. Longitudinal joints were double riveted 
and girth joints single riveted. It was factory-painted with two coats of hot 
mineral asphalt. 
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No.. 72.-84-lnch lap-jointed, double-riveted steel pi_Penstock, Wise power house, Pacific Gas 
& Electric Co., Placer County, CaliC. (127, 21)-Capaclty +0.6 per cent 

Within a year after completion of this line R. A. Monroe conducted a series of 
tests, 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 riveting. (See Nos. 73 and 74 below.) This reach and No. 73 included the 
last 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 quantity of flow 
was measured with a Venturi meter located near the upper end of the penstock. 
Loss of head was determined by a differential gauge set up between the two rings 
of each reach. Carbon tetrachloride was used in a U-tube to indicate the dif­
ference in pressure or friction loss between the two rings. This reach was 744.7 
feet long, made of plates seven-sixteenths inch thick, with cylinder joints. double 
riveted. 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
Hazen formula, with Cw=100. The average value of Cw found when the pipe 
was new was 106, which did not leave much margin for deterioration. (See 
No. 76.) 

No. 73.-84-inch lap-jointed, single-riveted steel pi_Penstock Wise power house, Pa~iflc Gas & 

Electric Co., nCllr Auburn, CallC. (127, 21)-Capacity +7 per cent 


This reach, between rings 2 and 3, was immediately below No. 72. It con­

sisted of 768 feet of single-riveted pipe of plates three-eighths inch thick. (See 

No. 72 for general description of this penstock and methods of test.) 


No. 74.-84-lnch butt-jointed, triple-riveted steel pipe-Wise power house, Pacilic Gas & Electric 

Vo., Placer County, CaIiC. (127, 21)-Capacity +3.4 per c~nt Cor No. 75 


This reac:l adjoined No. 73. It was 1,070.6 feet between piezometer rings 3 
and 4. Plates were from three-eighths to seven-sixteenths inch thick. The pipe 
rings were all of the same size, ends and edges abutting. However, the excessive 
number of rivets through the butt straps caused e;reater retardation loss than 
would be found in !1 similar pipe with lap joints. (See No. 72 for general state­
ments and methods of tests for this penstock.) 

The series indicates a higher capacity for this butt-strap pipe than is usually 
found. 

No. 75 covers tests on reaches 72, 73, and 74 when combined, for comparison 
with No. 76. When new this long reach, classed as 1b had an excess capacity. 
Note its deterioration in the following two years. (See No. 76.) 

No. 77.-103-lnch lap-riveted wrought-iron pipe, cylinder joints, Holyoke testing flume, Massa­

chusetts. (86, p. 29; 122, p. 200)-Capacity +9.4 per cent 


In connection with the turbine-testing laboratory at Holyoke, there is a rivete.d 

wrought-iron pipe 153 feet long. Herschel reports tests he made on this short 

pipe, in 1887. This line was constructed in 1881 with cylinder Juints, three 

plates of ,Y:!-inch metal to the course. At the time of test, when the pipe was 5 

years old, little if any of the original coat remained. Herschel says "it was 

rather rusty inside although not atfected 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 not subject to tuberculation. Herschel gave hi,; experiments upon 

this pipe a B rating. The writer believes that his results show remarkable con­

sistency when the extremely short reach of pipe, compared to the large diameter, 

is considered. 


No. 78.-10B-inch cylinder-jointed riveted-steel pipe-Flow line, Oak Grove plant, Portland Electric 

Power Co., Oregon (3, 138)-Capacity +8.8 per cent 


In connection with turbine efficiency tests of unit No.1, D. W. Pl'oebstel de- -<III 
veloped data enough to indicate satisfactorily the losses in the 9-foot pipe line 
between the reservoir intake and the surge tank above the steep power drop. ~ 
Through the cOlll'tesy of Chief Engineer C. O. Dunn and Mr. Proeb;:tel these 
data were reported to the writer for this bulletin. From the intake to the surge 
chamber the conduit consisted of a concrete duct 12 feet 4 inches diameter, 1,340 
feet in length, then the steel pipe, 9 feet in diameter and 33,920 feet long, then 
a tunnel 14 feet in diameter extending 262 feet to the surge tank. The pipe line 
was built of steel plates from nine thirty-seconds to eleven-sixteenths inch in thick­
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ness. The shop units were 33 feet li>ngj in five rings, cylinder jointed with single 
rows of rivets in both longitudinal and girth seams. The field joints were shullar 
riveted girth scams. As shown in Plate 5, B stiffeners were used where the plate 
thickness was less than three-eighths inch. 

Before leaving the shop the pipe was painted with red lead; in the field it was 
again painted with graphite. 

Proebstel made 10 observations in May, 1925, after the plant had been in 
operation 10 months. His determinations of quantity of flow were made by a 
system of multiple Pitot and piezometer orifices (188, p. 77.) An x-tube struc­
ture was installed in the pipe. In each of the legs of the x were 10 Pitot orificest reflecting the pressure heads plus velocity heads for equal-area zones across the 

t 
section of the pipe. Piezometer orifices at each side and at the top of the pipe 
gave the pressure head alone. (See three columns at left in pI. 5, B.) Each orifice 
was connected by pressure tubing to a gauge glass set over a graduated baek­
ground. Simultaneous readings on all glasses were effected by use of a camera. 
Thc apparatus is shown on the pipe in plate 5, B. 

The friction loss in the steel pipe was taken as the difference in water levels at 
intake and surge tank, less 50 per cent of the velocity head for the velocity in the 
steel pipe and also deducting 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. 

No. 79.-129-inch tripie-riveted steel pipe, butt-joints-Penstock, Pit No. I, power plant PaelHc Gas & 
E1ect.-ic Co., Shasta County, CaUf. {l2l)-Cupacity +22.4 per cent 

In 1922 Roy Wilkins made a series of tests for the company on the various types 
of pipe constituting the penstocks of the Pit River plant. This particular reach 
consisted of a straight section of large pipe, made up of steel plates seven-six­
teenth inch thicl" butt-strap joined and triple riveted. While this reaeh was 
short the velociti<;s were relatively high. See No. 228 for methods and equip­
ment. The capalJity, if truly indicated by two observations at high velocities, 
is far above that of any other butt-strap pipe listed. 

GIRTH-RIVETED PIPE OR SCREW-JOINT PIPE 

NOB. 202, 204, 206, 208, 210.-S..ew-joint pipe-Experimental lines, New HampBbire (122, p, 125)­
Capacity from +1.2 to +2.9 per cent 

In 1892 John R. Freeman made a series of tests on short lengths of lap-welded 
screw-joint pipe. Complete descriptive notes afe 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 mllst have been in a very bad condition. Straight experimental lines 
nearly always yield test results better than should be anticipated in practice. 

No. 2i \.-9-inch welded roiled-steel .. line pipe "-Screw-couplings, Toconce line, Chile (ll)­
Capacity +2.2 per cent 

Aft.er construction of a 98-kilometer water-supply conduit across high desert 
country to scn·e a copper-mine camp with domestic water, capacity tests were 
made all the first 5 kilometers below the supply springs. These experiments 
and general data on the line were reported by G. H. Bayles. The conduit through­
ou t the reach tested WllS constructed of standard "line pipe" of nominal 9-inch 
size. This flits Ull actuul inside diameter of 8.94 inches. The joints in this kind of 
pipe arc formed by screw threads inside of sleeve couplings. The threads taper 
80 that there is a length of six or eight threads exposed on the inside, even after 
the ullits urc tightly 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 
measured through a Venturi meter and also over a weir at the head of thFl line. 
Loss of head was measured by pressure gauges. As the total loss ranged from 
about 35 feet for the lowest velocity to about 103 feet for the highest velocity it 
is apparent that the tests are reasonably acceptable, even taking into account 
the fact that close reading is not possible on the ordinary pressure gauge. In 
the nrticlu from which these data arc taken the tabular figures for loss of head are 
not given but the platted points were scaled from a diagram. Because of the 
lack of consistency in the lower velocities and the necessity for scaling basie 
figures, the data arc given only a C rating for the three low points, but a B rating 
for the three very consistent high points. 

62210°-30--8 
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No. 212.-10-inci. wroullhl-stetll serew pipes-Morenci, Ariz. supply line (45)-Capacity -2.1 per ceut 

In 1908 new triple pipe lines were built to supply wuter to the town of Morenci 
for domestic and mining purposes. The lines were notable because of being sub­
ject to a maximum pressure head of 1,700 feet in a single pumping lift. The 
three linc!;; were laid side by side, from the pumping plant to storage tanks about 
5 miles away and 1,525 feet higher. All pipe was of wrought steel. The sections 
were threaded for 2}~ inches with standard threads and screwed together with 
recessed line couplings. This description would place this pipe in class 2. The 
items in T:tble 1 under No. 212 are based on the following statement by W. L. 
DuMoulin (I~): . 

When pum!,in" through n to-inch line, nt the rnte thnt represents 1,000 g~lI(1ns of octunl wnter per minute, 
tho toml hCIl( nmounts to 1,700 feet. 'rhis makes the friction head about 175 feet in ~.1,050 feot of smooth, 
screwed, wrought'"l~ol pipe; or 6.82 feet o( (riction heud per 1,000 feet of length. 

Tn recellt correspondence with the writer MI'. DuMoulin gives the following 
additional information: 

spednl coro WIlS token to check up the OCCUrl\C~' of thocllltll given. 'rhe vllives in OliO pump wcrncnrefully.
overhaUled lind So wore ill good condition. Tho plungers hild been In servltoe hnt a short tlmo. Wlller­
prellSure gllUgCS ht"l heen te3ted. 'rho amount to bo lI11owod for sHpplIgo and ICllknge hud hel'll determined 
by 11 serieS of tcst~. 'rhe wuter lenving the storug~ tank lit 1.foroncl was metered by 1\ \'erllnrlllloler. 'I'ho 
pnrtlculnr pump WOSollelllted IItn nniform rato for nbolll eight honrs so that it delivered woter lit" rate 01 
J,000 gallons of neLUll1 wllter pcr minute through one of the 10 Inch pipo llne$, iUlo 01l~ of the storngo
tonks lit Morenlli. 'l'ho necessllry In[ormlltion was tnken to detennino the HCIUll! qlllllltity of wllter 
delivered into the storngo tnnk which 1l11101lnt was nlso cheCked hy tho '·cnlur!. 'I'hi$ spechll run was 
mude to check up the (illtu to be published so thllt it woult! be IlS reliable us it might he [ensiblo to obtrun. 

No. 2101.-16-lnc11 (outsIde diameter) lap-welded steel pipe. Glenwood Sprlngo. Colo. (U:J)-CapscUy 
+38.1 per cent 

The trunk line of Glenwood Light &; Water Co., serving Glenwood Springs, 
was tested after 22 ycars use. Pipe was 16 inch{'s in outside diameter, of lap­
welded stet']; inside diameter was 15% inches. The line was 6,229 feet long, of 
which the first 6'10 feet was spiral-riveted steel pipe full 16 inches in diameter. 
The alignment was free from sharp curves and well below the hydraulic gradient 
at all places. The pipe was laid in 1888 and tested in uno. '1'he elements 
follow: Quantity was determined by progressive fall in three wood-stave tanks 
at the upper end of the line. SimultaIleously, recently checked pressure gauges 
wer(' read at thc power hOllse at lower end of the line. Gross loss of head between 
water surface in the tanks and the power house was correc,ed for entry llnd 
velocity heads, leadnp; a net average loss due to friction, of 128.4 fect for the 
total c1ftlt:cncc of 6,229 feet. The average velocity during the 25-111inutc run 
waS computed as 11.38 feet per second-a velocity so high that experimental 
errors anti /LIly qllestion as to reliability of gauge were reduced to l\ minimum. 
Int('rior examill!tlion "showcd the pipe to be very smooth on Lhe inside and 
litlle corrocled on the outside." In compllting the I'l!tardation factors for the 
welded pipe t.he loss through the spiml~riveted pipe was first deducted, an arbi­
trary coelTici('nt of 110 in the Williams-Hazen formula being used. Any reason­
abl(' !Ulsulllption wOllld have resulted in about the Sllme values for' the welded 
pipe. The high veloeLty in this line evidently produced a polished condition ItS 
the Cflpacity founel was far better than should be expected of a pipe 22 years 
old. If the high velocity call be assumed to maintain ttIl interior surface as good 
as that or a llew pipe of this type, thc capacity is still excessive by lG.1 per cent. 

No. 218.-36-inch lock-bnr steel pipe-Monlrenl Water & Power Co.• Montreal. Canadll-Cllpllcity+13.4 per cent 

Tn correspondence with the manufacturers of the pipe, the Montreal Water & 
Power Co. reported tests of capacity on the 36,000 foot lock-bar conduit eOD­
structed in 1907, 1908, alld 1909. Water was pumped into this line and measured 
through a Venturi meter. During a period of steady !low for three hours the lOBS 
of Ilt'ud shown by recording gauges was 28.27 fcet.. The gauges were compared 
with a gauge tcster both before and after the run. During this test 11,800 
gallons [leI' mfnute were carried through the first 12,000-foot line where 2,333 
gallons pel' minute, us measured by a Venturi metel', were diverted. Thus for 
the remaining distance the !low was 9,467 gallons per minute. With this in­
formation a common value for the friction factors was computed which would 
satisfy the flow in both reaches of pipe and agree with the total loss of head for 
the two reaches. The results agreed fairly well with the ),uns on the Bull Run 
No.2 arlcl No.3 pipes in Portland, Oreg. (Nos. 225 and 226), but showed much 
better capacity than the Rochester lines (Nos. 220 and 222), It is difficult to 
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compare this line when 3 years old with the Springfield line (No. 224) when 17 
years old. 

No. 22O.-37-lnch lock-bl\r steel plpe-Condult No.3, Rochester, N. Y. (14-1, pp. C!, 70)--o.pacity 
when new -6.6 per c~nt; when 8 years old. -1.8 per cent 

See description under No. 39 for general layout of the Rochester main pipes. 
Conduit No.3 extending from overflow No. 1 (21.~ miles north of Hemlock 
Lukf.') to Rush Rt'servoiruud Pinnacle Avenue tee, is composed of 7.75 miles of 
37.08-illCh cast-iron pipe constructed in 1914 and 17.75 miles of 37-inch lock-bar 
steel pipe of pl!Lt(~ on('-f()urth inch thick completed in 1918. It contains 4 valves 
und 10 vertical and 20 horizontal curves, totaliAg 3,9,17 feet in 1pngth. The 1920 
report (If the d('partmcnt of elll-,rincering of Rochester (144) gave results of obser­
vations oYer periods of fr()m fuur to fiye hours taken in the fall of 1918, 1919, and 
1020. In eOfrt'sp(Jud('llce with the \\'riter, 1. E. Matthews, in charge of the 
systt'm, furnished data on an ()bservation in October, 1926. These data indicated 
a pipe when new as 2 t I)(~r cent inferior in capacity to the average of the J\Jolltreal 
and Portland lim's (XU!!. 218 and 226), and the d('terioration in capncity as shown 
by the progrcs~ive gaugings was some 8 per Cf.'ltt in 8 Y('[lrs. It should also 
be noted that the gallging when the Line was 2 ywtrs old indicated It capacity in 
excess of that when the Iinewus new. Another cumparison is that the line when 
new showcd only about the capacity of the Springfield line (Xo. 224) when 17 
years old. 

No. 222.-37-lnch lock-bar steel plpe-Condult No.3, Rochester, N. Y. (l.J-I, pp. C!. 70)-Capaeity 
when 2 ycars old -12.9 per cent; when 8 years old, -13." per cenl 

See descriptron under No. 39 for general layout and No, 220 for additional 
details. Between Rush Reseryoir and Cobb's Hill Reservoir there was a line 
composed of 8,336.5 feet of 36-inch cust-iron and 42,134.2 feet of lock-bar steel 
pipe. This was part of I'onduit No.3, finished in 1918. The 1920 report men­
tioned above (14.1) contained record of a test for capacity in 1920 when the line 
wus 2 years cid, and r. E. .Matthews, in correspondence furnishes a report of 11 

tl'st on December I, 1926. Each of these observations extended over a period 
of thrce houri<. Th<'fc were 33 horizontal deUections averaging 2° 08' each, and 
108 vertical deflections averap;e 10 53' each; three 36-inch valves, one tee and 
78·L6 fcpt uf cast-iron ripe. This line showed an exceo.sive loss of head for this 
tYre of pipe. The l()26 test indicates that this line has approached the Wilkes­
Barre pipe (Xo. 2LG) in deterioration of capacity. 

No. 22·1.-42-inch lock-bar pipe, West Pariah IUters to Provln l\Iount..1n reservDlr. Sprinr,field, Mass.­
Capacity +8.7 per cent 

In recpnt corresrondence with the writer, E. E. Lochridge, chief engineer of the 
municipal water works of Springfield, submitted th.e results of tests on a reach of 
42-inch pipe 39,053 feet long. The pipe was the lock-bar type in units 30 feet 
long, with t!L[Jpr joints, single riveted between units; each unit shop dipped 
vertically in pilch. The interior was apparently in excellent condition on the 
last pnrtilll inspection in 1926. The pire was put in service about January 1, 
1910. The experiments were conducted on March 31, and April 10, 1926, by 
,r. B. POrter, and the computations worked up by Allen Hazen. The essential 
data follow: 

Quantity of wat('r was taken as the mean of readings of combined flow through 
six Venturi mete'rs at the filter plant and the reading of the single large Venturi 
plus Ow resl'rvoir risc at Provin Mountain. The two items thus averaged, varied 
less limn ~ per ('('nt from the meaIl. :Moreover, the lesser flow was indieated at 
the re!'lpn'nir, which ngn'es with the fact that there is more or less leakage on the 
7 rniles of line. From regulator house to reservoir the loss of elevatioll by checked 
jevels wn~ nt'al'ly 59 f('<:t. From this gross loss was deducted S "doC'ity head~ 
f()r V ='LI.:3 [pet I}(>!' ~('('nnd or SXO.2GG=2.13 feet.. Mr. HaZl~[1 assumed that 
the 8 \·plodty-lH'mls I",t wpre lIlade up as follows: ·2 at entrn!1ee, 1.6·1 at eneh uf 
two 30-inc:h gall'S, awl 2.73 Ht thl) iHi-inch gate at Provin l\loull!ain bottom 
chambers. 

No. 225 and 225a.---1,1.. inch and G2.. inch lock-bur steel pipe-Bull Run conduit No. 2, l~ortlund, Orcg..­
,for No.. 2:!:i, cnpucity +19.7 per cent, nnd (or 22511, capacity +1.1.7 IJC!r cent 

In Ull L lhe cit.v of Portland, laid conduit No.2 paralleling No.1 (see pipes 3D, 
32, flL1d ·15) frOlll Bllll RUII Hh'er to lhe city. In 1922 F. M. Randlett eonducted 
capacity tests on long reaches of the pipe. In correspondence with the writer 

http:SXO.2GG=2.13
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B. S. Morrow gave the data of Mr. Randlett's tests. The loss of head was deter­
mined by water columns attached to piezometers located at the ends of the 
reaches. The quantity of flo\v was measured through a Venturi meter and with 
weirs located near the O\ltlet end of the line. From Bull RUll River to Lusted's 
Hill the line was 52 inches in. diameter, of plate steel from one-fourth to sevel1­
sixteenths inch thick, with two longitudinal seams held in lock bars. The 
sections were 30 feet in length with field seams girth riveted. The line wus 
provided with 4-inch air vulves on the summits and 8-inch blow-ofTs ut the de­
pressions. The flow tests ut the pipe's age of 11 years showed little or no deterior­
ation in capacity. This statement appeared to apply to all the Portland lines 
taking water from Bull RUIl River. 

From Lusted's Hill to the end of the line the pipe was 44 inches inside diam­
eter, of !4-inch plate, with similur lock bar straight scams and riveted girth 
scams. 

Two rea()hes of the 52-inch line were tested. Between stations 1601+59.9 
and 1486+ 70 the total loss of head was 29.65 feet, giving a loss per 1,000 feet of 
2.580 feet with an indicated valuc of the Williams-Hazen C", of 9{i. The writer 
has not tabulnted this test because Mr. Rnndlett says nir wns trapped in the 
summits along this part of the line, ns a result of faulty action of nir valves. The 
second reach, between stations 1486+70 and 1073+80, a distance of '11,290 feet, 
gave a lOBS of head of 1.472 feet per 1,000 feet of pipe. The computed values 
of K.""O.309 or C,.=130 are more indicative of this type of pipe and agree more 
nearly wHh the values found on the 44-inch line following the 52-inch pipe; 
that is, a value of K.=0.285 or C",= 135. 

No. 226.-58·inch lock.bur "tecl pipe, Bull Run conduit No.3, Portland, Oreg.-Capacity from +8.1 
to +14.7 per cent 

In correspondence with the writer J. C. Stevens gave the elements of tests 
mnde under the direction of F. M. Randlett and B. S. Morrow. This series 
covered four reaches of the conduit: 
-,.~-~.-,-.-- -'---'-'-----------------------

TolttlSection Length IlI1gles 

Pett 
2,8::.0.0 :)8.1.11 Contains 1 Venturi meter, 58 inches to 24-lnch threat. 
8.70'2..J -US. 2 
7,918.6 59(}.8 

3U. Ut>l.·1 1.....S..l includes 1 ..\68 feet of triple-riVeted butt·strap pipe. 

This series of tests was on n. lIC'" pipe which diverted raw water from Bull Run 
RivC'r for municipal use in the city of Portland. The pipe was built in 3D-foot 
scctions joined by lhe usual riveted-taper method. The water flowed with the 
laps. Prior to the tesLs the flow was gradually built up for two weeks during 
which the air valves were watched. Loss of head was determined with water 
columns aUached to piezometers at points where but little pressure existed. 
Quantity WIlS tllkcn IlS the average of flows indicated by two Venturi meters and 
a weir lo('ated ncar reservoir No.1 at the outlet of the pipe. The total loss of 
head in section A WitS 7.22 feet, of which so much was ascribed to loss through 
the meter that results are not given in Table 1. 

The results of these tests agreed quite closely with those on the Montreal line 
(i'{o. 218) but disagreed with those on the Springfield (No. 224) and the Rochester 
(No. 220 and 222) .lines. 

No. 22B.-96-inch bump.Jointed IOP-I'Velded pipe-Pit No.1, Penstock, Pmcllic Gas & Eledrlc Co. 
Shasta County. CaU!. (U.t)-Copacity -2.5 per cent 

Shortly after construction of Pit No.1 power plant on Pit River, Calif., tests 
for retardation losses were made at two flows of 712 and 982 sccond-feet. These 
tests, made by Roy Wi.\kins, comprised measurements on the tunnel from fore­
bay to penstocks Ilnd on one of the twin steel penstocks. Tho othel' steel pipe 
wa~ helel idle and served as a static water column. Six piezometer connections 
were made at the inside cuds of the horizontal diameters. Between the pipes 
these piezometcrs were connected to the two legs of a mercury U-tube manometer. 
'rhus one leg was subject to static pressure alone and the other to the same static 
head less the velocity head, entry losses, and friction loss from the intake of the 
penstocks to the sta.tion of the connections. Wa.ter 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 test stations follows: 

Gauge 1 was OIl the l29-inc:h pipe just below the standpipe and valve at the 
penstock entrance from the surge chamber at the tunnel outlet. Gauge 2 was 
located 231 feet down a straight pipe to which it was attached just above a 43­
foot taper section from the 129-inch to the lOS-inch pipe. On the lOS-inch line, 
!!auge 3 was located at the outlet of the taper just mentioned. This location 
was of questionable desirability for a single piezometer connection, but was 
probably the best available, as the same doubt would be attached to any single 
connection within at least 100 diameters below a straight taper section without 
curve transitions. Gauge 4, at the lower end of the reach of lOS-inch pipe, was 
located 515 feet from gauge 3 and just above a 39-foot taper from the lOS-inch 
to the 96-i.fll'h pipe. Gauge 5, on the 96-inch pipe just below the taper, was sub­
je<·t to the same doubt as gauge:3. Gauge 6 was 240 feet down the 96-inch pipe 
h<'yond an upward angular bend. Quantity of water was measured over a 
F/'Illlris sUJlPr(~ssed w<,ir 130 feet long. It was appreciated that Francis's 10-foot­
maximum \~eir formula was bt'ing greaUy extended, but this method. is customary 
and rherked the flow computed from the velocity-head differential at gauges 2 and 
3, the taper section being used as a Venturi meter without the usual expanding
portion. . 

This reach of pipe had the longitudinal scams lap-welded and th~ girth seams 
riveted in the It bump." (Fig. 1.) The pipe rings, of lYt6-ineh and ;kt-inch steel, 
were all of [he sallle diameter. The reach tested was 240 feet long between gauges 
5 and 6, and contained ono expansion joint and three vertical angles ranging from 
157!i' to 23°. In plan view it was straight. At the upper end it W!IS joined by 
a 39-foot taper section to the lOS-inch pipe (No. 230). The lower end was 220 
feet above the turbines. Note that the retardation factors were in close accord 
with ,those on the adjoining lOS-inch sections. (No. 230 belOW.) 

Nos. 228 !lnd 230 support the tentati\'e formula and coefficients suggested in 
this bulletin for inclusion of bump-joint pipe in class 2, as they both are within 
3.5 per cent of the formula if the two runs in each pipe are taken as indicative. 
Note that the \'nlues of C .. are consistent between 112 and 114. These values, 
for new pipeR, !Lre very far from the value of 140 in the Williams-Hazen formula 
suggested in some catalogues for this type of pipe. 

No. 230.-10B-Inch bump-jointed lap-welded steel pipe-Pit No.1 penstock. Pacific GOB '" Electric 
Co•• Slwsta County, Calif. (1!4)-<:apacity -3.4 per cent 

These tests cover two flows at velocities of about 11 and 15 feet per second 
respectively. The reach, 515 feet long between gauges 3 and 4, is straight in plan 
view but contuinstwo angles of about 20° ellch in profile. It is joined by taper 
sections to tI,e 12!l-inch pipe above it (No. 79) and to the 96-inch pipe below. 
(I::ice No. 228 for llIetlwds nnd equipment llnd comments on relative capacities.) 
It contains three expansion joints. In construction it is identical with the 96­
inch pipe dCtlcribcd us No. 22S except thnt the plates run from one-half to fiye­
eighth lllcit in thickness. The retardation factors are very close together. 

CONTINUOUS-INTERIOR PIPE 

Nos. 302 and 3n.t.-I-Inch nnd 6-lnch (oulllidc diameter) lap-welded wrought-steel pipe. bell-and­
spigot Joints-Experimental pipe. Versailles. Pa.-Capllcity +4.3 per cent for No. 302 and +1.6 per 
cent for No. 30·t. 

In correspondence with the writer, F. N. Speller gives results of tests on three 
reaches of experimental pipe (Nos. 302, 30,1, and 310) set up perfectly straight in 
both plan and profile. (PI. 6, B.) These tests were made by F. W. Frederick and 
,J. J. Wilson with assistants, under the general direction of Mr. Speller. In all 
cases the lines were laid side by side, 1,000 feet long between piezometer connec­
tions. Quantity of water was determined by volumetric measurement for small 
flows and 11 Venturi meter for larger lIows. The Venturi meter had been checked 
tho previous ycar by pilometer readings. Pressure head was determined by 
mercury mallometers of U-tube form, attached to manifold rings hitving access 
to the water prism through eight evenly spaced !~-inch holes. Loss of head was, 
of course, the difference in elevation of the water columns equivalent to the mer­
cury columns. Gttllge No.1 was placed 105 feet downstream from the elbow at 
the pump; tiki-wise gauge No.2 was l05 feetabO\'e a return bend. The pipes were 
1 year old. Eltch had been dipped in coal-tar pitch. When torn down the lines 
were found to hnve deposits of mud up to one-sixteenth inch. thick on the lower 
third of the perirnet.er. 'rhe 4-inch lind 6-incll pipes (outside diameters) were 
respectively 3.628 tlnd 5.72 inches inside diameter. The lengths ayeraged 17 I' 
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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 
six average pieces. The inside of the 6-inch size was measured with micrometer 
calipers.

These tests appear to have' been carefully conducted and are given an A rating 
for all observations consistent with each other. However, the writer has found 
experimental pipe in straight reaches to yield results that can not be duplicated 
with certainty in commcrcial operation. These pipes and No. 310 should be com­
parcd with the writer's series N0. 308 on a field line of the same kind of pipe. 

No. 30G.-6.inch wrought.iron pipe, OanKc.connected-Comeli University, N. Y. (IZ2. p. 129)-­
Capacity +2.1 per cent 

H. F. Mills gives the clements of experimcnts by E. W. Schoder of Cornell 
Ulliversily. This series was made on a straight reach of lenpths of 6·inch pipe 
that "had been used in a sleam-heating main for some years.' The total length 
was 122 fcet of which 99.33 feet was tested for the loss of head. Gauge No.1 
was placed 20.0tl feet downstream front the intake end. Each piezometer con­
sisted of two opposite holes in the shell, into which )'a-inch cocks were screwed. 
Prcs!;ures from the two holes at each end of the reach were brought together and 
indicated in a water differential gauge. Quantity was measured volumetrically 
in n calibrated hLnk of 500 cubic feet capacity. Because of the short reach tested 
this series has been given a B rating. However, the results are quite consistent 
und do not show the relatively low capacity that might be expected from the 
description. 

No, 310.-8·lnch lap.welded steei .. line pipe" fitted with bell·and.spigot Joinlll-Esperimental pipe. 
Versailles. i'a.-Cllpaclty +10.8 per cent 

This is olle of three pipes described under Nos. 302 and 304. The only dif­
ferent conditions applying to the larger pipe follow: Unit lengths averaged about 
20 feet. Inside measurements were taken with micrometer calipers on each of 
the 84 units. This method was checked by filling four units of pipe with water 
and weighing. this water. The agreement in size WIlS so close that the nominal 
diameter, 8 inches, was used in the calculations. (See comments under Nos. 302 
and 30'~.) 

No. 311.-14·lnch rull·welded pipe-Main 8uppir line. Bend. Orelf.-Capaclty +8.1 per cent 

The city of Bend, Oreg., ill 1926 completed a new water-supply main, consisting 
in sequence of 27,888 feet of 14-inch pipe; 20,691 feet of 12·inch pipe and 13,515 
feet of 16-inch pipe. At the end of each reach the pressure was fully relieved. 
In correspondence with the writer, the late John Dubuis, then engineer in charge 
of the project, reported the following tests on the 14-inch pipe made soon after the 
line was put in service: \Vater at the diversion dam entered screen chambers and 
passed over two 6-foot rectangular weirs with suppressed contractions. Below 
the weirs a taper section 6 feet long led to the 14-inch pipe tested. This line 
was formed of 30-foot units, field welded together by the torch method. Each 
lInit was formed of a single sheet, shop welded along the straight seam and then 
dipped in n hot compound. 

After the field joints were made all uncoated spots were given two coats of 
nsphalt applied with (L brush. As shown in Piate 5, C, the scams as formed by the 
weld were evirlellced by 11 small irregular bead, which was smoothed by the usphalt 
coat. At the time of tCRt the 14-ineh pipe had been rUllning at full cupacity­
the water harked up into the weir chamber-for several weeks. The quantity 
of now was the Rum of the flow over olle weir under a head of 0.36 foot and over 
the other under head of 0.37 fooL The total fall us determined by checked leyels, 
was 381.09 feet. Of this, 1.2'1 feet was deducted for entry and yelocity head for 
the velocity of 8.34 feet per second. This deduction was based on a coffiecient 
of 0.5 for entry IORB into the 2t!-inch opening to the taper section and It coefficient 
of 0.1 of the df!ferellce ill velocity hends for the tuper between the 24-inch opening 
and the 14-inch pipe. To these los~es was added the velocity head for the 
velocity in the 14-inch, line. The writer regards this as an excellent test; the 
great length pf pipe, lhe high velority, and the great loss of elevation due to re­
tardation of fiow were all such that any conceivable error would 1I0t materially 
affect the results. It will be extremely interesting to observe the progressive 
capacity of the line, which receives clear untreated water from a mountain stream 
in a Itwa terrain. 
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No. 3IZ.-20-lnch oulBld" diameter pipe, coupling-jointed, lap-welded pipe-Lake Moraine-Ruxton 
Park penstock-Colorado Springs munldpal power plant, Colorudo-Cupadty +6.4 per cent 

This line, constructed in 1924, was dipped ill an nsphaltic compound, both 
inside and out, and laid on a continuous falling grade. Bolted couplings were 
used throughout with curves hnving n rndius of from 100 feet to 717 feet; 36.5 per 
cent of the alignment is on curves and 63.5 per cent OIl tnngent. (PI. 3, B.) 

At the upper end, some 200 feet below the outlet of Lake Moraine, a 16-inch 
relief vnlvc was installed to relieve back pressure cnused by operntiOIl of the 
nutomll.tic hydroelectric plant connected therewith. Within the pOlycr house at 
Ruxlon Park a Venturi metcr is located, just ahead of the nozzle. Capncily tests 
were made under the direction of E. L. Mosley, munager of the power department 
for the city of Colorado Springs. During the tests n new recording pressure 
gauge, graduated from 0 to 15 pounds per square inch, was placed on the relicf 
valve, and in the powcr house at Ruxton there was placed a nell' recording gauge, 
gradtiated from 400 to 600 pounds per square inrh; and all dahL taken in these 
tests were by means of these instruments, and simultaneous readings were taken 
at each end of the line. Readings of the upper gauge are acceptable for such n 
relatively long line, but small losses of head on the lower g!wge, recording pres­
sures in excess of 1,000 feet, are, Of course, very questionnble. 

The actual length of pipe laid between the two pressure gaug('s is 12,528 feet, 
mude up us shown in Table 14. ' 

TM1LE l'L-Dimensions of Lake ilIoraine-Ruxton Park penstock 

shr.1l . lllsid~ InsideLength (Ll plnte I diameter area (a) [~'"""''''OO"''. LX' ---Ithickn~ss (ti) 

---I 
Fal Inchu 3'/./11&.

3, ·126.1 In.3S 2!)·I.h:J I 1,010,117 
4.852. 6 2'JI. (}I J, 412, 301 
2, tiU,~. 7 :~: i~ i 2';7.27 77·1,30·1 
1,1:1.1.5 19.00 I 2ll3.5:l 321,015 

418, :1 IS.b7 . 270.81 Iti, (H·I 

'rota\. _.. _ 12,528.2 ,..________,.._.._______ ,__..________ : 3, ()3" 8(J.I=2!)O.2 squnro inches. 
______~.___.___ ._ i I _.. _._~_____._____ 

The wrighted average inside area is 290.2 square inches, or 2.015 sCjuare feet, 
which is the men of a pipe 19.2 inches in diameter. All computations arc based 
on this value of cZ. 

,r The clementi; of the experimentul data as given in Table 1 are themselves tuken 
from a smoothed curve based on the original tests. A table of clnta from Mr. 
Mosl('y givcs the measured loss of head for each unit quantity from °to 16 sec­
ond-fpet. Observations for flows below 6 second-feet arc not included in the 
table, being considered by the writer to have little YUIlle. For Q=(i second-feet 
the obsernld total loss of hend lI'as but 12.4 feet, while the total prrssure head 
recorded nt gauge No.2 was more thun 1,100 feet. As the flows are increased 
the recorded lo:>s of head becomes a larger part of the total head. In oUH'r words, 
these data arc cOllsidered the more reliable. For a lIow of 16 second-feet, with 
allayerage velocity throughout the reach of 7.04 feet p<"rse('ond, the total loss of 
ht'nd is 120.9 feet, with a pressure hend at the lower gauge of 1,008 fect. Thus 
for the hight'r flows the values of the retardatioll corlliC'ients lire reusollltbly 
IIcreptnblc and agree quite closely with cDmparable vallle~ in other series. 

1n column 3 of Table 1 it will be found that unacceptable D ratings arc assigned 
to /lows belo\\' 10 second-feet and the ratings arc increased us the friction heads 
Iwcorne Il greater percentage of the total heads ns indirated Oil the lower pressure 
gauge. For the flows rated C and B the !l\·ernge capacity compared with the 
wri.ler's formula is excessive by 6.4 per cent. Howe\'er, it willl>e Iloticed that all 
the retardation fadors have credible values for the higher flows but are without 
precedent for the lowest flow included in Table I, tlnd these I·allles were com­
pletely incredible for the tlow;:; in the zone of greatest experimental errors not 
included in the table, 

,.. No. 314.-30-lnch 8teel lock-bar pipe-Cooillardle supply main, Western Australia (111, 131,173,130 
177)-Capadty -4.4 per ccnt 

The first of the modern long conduits was finished in 1902. In order to serve 
the gold field of Coolgardie, it wus necessarv to pump water across 307 miles of 
desert country from the Hclena River near iJerth, iu ''{estern Austrnlia. For Ull 
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additional 44 miles the flow was by gravity. The static pumping lift was 1,290 
feet and with Lhe estimated friction loss the total pumping head was 2,655 feet 
distribuled among eight pumping plants. The type of pipe chosen was the fore~ 
runner of lhe present lock-bar pipe. It consisted of a steel line of X and %6-inch 
plate; its inside diameter was 30 inches. The shop units were exactly 28 feet long 
with the single long scam formed by a straight "locking l.mr." These units were 
true cylinders without taper; thus the ends of adjoining sections abutted together 
wiih a flush interior. The girth joints were formed by calking lead in the annular 
space beLween the pipe ends ancl slee"e joint rillgs 8 inches in width. This pipe 
with" continuous interior" comes under class 3 as described on page 12, rather 
than under class 2, which applies to the standard riveted girth joint of the present 
lock-bar type of pip!!. 

The coalinp; of this line received particular attention, as maximum tempera­
tures of 170° F. were to be encountered. The greater number of the pipe units 
were dipped in coal tar mixed with equal parts of refined Trinidad bitumen. 
Soon after completioll of thelinCl tests were made and reported by C. S. R. Palmer 
in hIS comprehensive paper on this, the longest conduit in the world (131). The 
line. was equipped with eight Venturi meters-one at each pumping plant. 
These furnish(!d !L method of determining quantity. The exaet manner in which 
the loss of head was measured was not given by Mr. Palmer, but such great 
lengths of pipe WNe available that there should have been no extraordinary error 
in his mellsnrements, 

The results of these lests indicated a value K.=0.35 or of 0 ..=127 for this 
pipe when new. 

In his paper on this line Longlcy (11 1) p;ave a table showing the depreciation in 
capacity froIll yellr to year, in terms of coefIicients ill the Williams-Hazen formula. 
Longll'y llH'nlions !L coefficient when the pipe was new of 0 ..=135, and notes 
thnt there ill inconsisterll"Y between this figure and another of 0 ..=128 resulting 
[rom te8ts. also mude when the pipe was new. The laHer value is probably 
Tt'lat('(1 to the data given in Table 1. In the design of the pipe a coefficient equiva­
lent to (.'",=06 WIts used. The aetufll value for the new pipe was probably quite 
clo:le to 130. At the age of 6 years this value, which is proportional to the capac­
ity, had dimini::;hed to all average of 97.G, representing a variation from 111 at 
Uie iuld end to 95 at the oullet cnd. In 1920, after 18 years of use, the average 
vltlue of (/'" hnd become 77 without any noticeable dHference at the two ends. 
The rapid lotii:l of capacity is ascribed to tuberculation within the pipe, there 
1J~~ing uo possibility of sand or other debris deposits. As the tuberculation was 
the reslllt of chemical reactions requiring a supply of dissolved oxygen a denern­
{ion lrc'atmcnt was started in 1917. The results of this treutment are difficult 
to c\t't!'l"mine ddinitely, as the line was badly tuberculated when the treatment 
was !:>IMted. Howevcr, the evidence indicates that depreciation in capacity 
had b('('11 stoppcd Oil 7 of the 12 scc-lions of pipe. 

In the dis("ussion of COIOIWI Longiey's paper the statement is made by F. N. 
Hp('llN that mixt.urcs of coal tnr and asphalt should be avoided; thut either one 
whrn properly applied by itself lusts lonp;er than the combination. 

('on!liderillg the ('ouditiolls of installation, the cllpacity of this line when new 
s'1pport('d the \'alue of K.=0.32 for !leI\' pipes of continuous-interior type. 

,",os. 316 lind 318.-8·I-inch butt-Joint riveted pipe (rivet heads countersunk)-Penstocks NOB. 2 and 
3, Pndllc i\li11H -gHttOX Co., Lawrence, l\lllBS. (l22, p. 19.j')-Cupaciho ut 2.3 ycarH, No. 316 was 
-5 and No. 318 waH -10 pcr ccnt. and at 13 yeUr!'i, No. 316 was -15.2 and No. 318 waH -13 per 
ctml 

Th('s(' Rhor! pcnstock pipes were tested under direction of H. F. Mills. Reaches 
100 feet long w('re chosen from the total lenp;th of 190 feet. The quantity of 
flow wns determincd by weir or by opening of the gate wheelns calibrated against 
velocity measurements by long floats in the leading cnnal. Flush piezometer 
connectiolJs led to p;lass gauge tubes. Penstocks were made of steel plates, riveted 
with butt joints and rivet heads countersunk. Plates were shop cO!lted with two 
coats of hot nsphalt and linseed oil; a thircl cout was put on when the pipe was in 
plaee, "thus forming a smooth hard interior surface throughout." 

First tesls were Illude when the pipe was 2 years old. They were repeated 
fr()IU time to time for 11 years. Average deterioration in capacity of the two 
penstocks is expresse f \ by II =0.0320(1+0.17";01'2 where l is age in years. Mills 
gin's detnils of the tests at 2 and at 13 yeurs of age, with some derived figures for 
inlen'ening testa, but the IlLtter ILre not included in this bulletin. Mills de­
scribes the graduul growth of tubercles, sponge, slime, und mud, toward the end 
mentioning" many tubercles the size of a pea," "rough surface" due to mud and 
t.ubercles, and "tubercles, one per square inch." 

• 
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While Mills's description of these lines clearly indicates that they should be 
, , clasBed as "continuous-interior" pipe of the highest grade, the retardation factors 

do not support this assumption. 

COMPOUND PIPE 

No. 150.-36-lnch riveted "'rou~ht_lron nnd 2·1-lnch CllBI-iron pipe-,Conduit No. I, Rochester, N. Y. 
(170,159,1-10, 86, 122) 

Hemlock Lake conduit, now called conduit No.1 of the Rochester supply mains, 
was laid in 1873-1875 between Hemlock Lake and Rush Reservoir. It was !I. 
compound pipe of the following general specifications: 9.62 miles of 30-inch 
riveted wrought-iron pipe three-sixteenths inch thick; then 2.92 miles of similar 
pipe 2,1 inches in diameter, of plate three-sixteenths and one-fourth inch thick; 
then 6.12 miles of 24-illch mst-iron pipe. In 1876 a test of capacity wus made 
under the direction of J. N. Tubbs, then chief engineer. It comprised nothing 
more nor less than 11. determination of the total fall from intake to outlet and 11 
quantity mellsurement by rise in water at Rush Reservoir. The maximum flo\\", 
as mllde public at that time (170) WIIS 9,293,000 gallons per day. Assuming u .. value of L30 in the 'Williams-Hazen formulll for the cast-iron pipe, the computed 
value for the 24-inch nnd 36-inch riveted steel pipe would be C .. =153.5, which 
would show !L (ar higher rllparity thnn present-day data indicate. If the assumed 
value of ('", for lhe cast-iron pipe be Pet at 14D-the maximum value suggested 
by Williams nnd flnzell-the computed value for the rh'eted pipe becomes 134.6, 
stilln very high value, in the light of present knowledge. 

Table 2 givrs figures bnsrd on the average of three flows taken several clays 
apart, in 1876. The bllsc datil nrc tnken from Herschel's nobs (86, p. 16), quoted 
from 11 report by J(uiehling. The resulting retnrdation fnetors, computed after 
Ilssumptious arc mnde as to the value of C.. for the cnst-iron reach, all indic,'1te 11 
very high capacity for this type of pipe, but arc not entirely unsupport.ed by 
ot/H'r tests. The wriler gives these tests a D rating, indicating that they should 
not be given weight; but he believes they should be included in a comprehensive 
puprr such as this, for historical reasons. Later experiments on the 24-inch and 
36-indi rivrted .liIll'S ure described as Nos. 23, 24, und 39. The results of the 1876 
tests became the cause of bitter controversy during the" Nineties," us the informa­
tion had been used in the design of a lurge pipe in New .Jcrsey, under a guarantee 
of cupndly thllt was not met by the completed pipe. Eerschel describes this 
controvrrsy quite fully (80) and comes to the eonclusioil that the Rochester 
conduit had never cnrried the quantity c'nimed in the published reports of the 
1876 tests (170). In the light o( present extensive dnta, the writer ngrees with 
Herschel, but the 1876 t('st was apparently given full weight by such authorities 
as Hamilton Smith (159, p. 285) nnd Mills (122), who were bolh contemporaries 
of Tubbs. Bolh writers give Tubbs' data without ndverse comment as to the 
excessive capacity indicated. 

No. 152.-lUveled-steel compound plp .. ~Penstnck, Spring Gnp power house, PBclOc GI18 & Electric 
Co., CnUfornlu 

This plnllt is R('rved by !l penstock 7,'115 fe('t long made lip as follows: 

Length Diameter Plpu ch(lrncterls~ics 

Fut fllche. 
2,.110 an. 57 Lap rl\'~tcd, nIade or H to ~I. irl('il plates.

1,320 30. 01 'I'np1!'-rl\'cted doubl~ butt·strap pil)!>, ~l. to % Inch plates.

2,310 30.21 Trlpl(··riV(~tcd butt-strap plpc. i§ tu 1~1. inch platcs.

l,37v ao.o 'I'ripl"'ri\'\ltcd bUtl-slrllP pipe, ~. to nlll :neh plates. 


During tesls for ('meiency of the machines, made in 1921 when the penstock 
wlla lIew, thc ol'er-all loss of hend Lhroll!-;hOllt the compound pipe was determined 
by Roy Wilkins. 

QUllntity of wntcI' wns measllred oyer a II'eir. Loss of hcad was determined by 
prrssurc !-;tlug(' rending only to the nearest 5 pounds. Flow ranged (rom 18.6 to 
39.'! second-fpcl, d(,I'cioping l1 loss of helle! frolll 11.5 feet to 80.7 feet. The reach 
was so long Ilnd,. for the higher velocities, Lhe losses werc so appreciable that Lhe 
uSlial errors of IIlIeh IL pressurc !-;Iluge were minimized; however, the lcsser reading 
to nearest 5 pOllmls limy he milch in error. 

This pipe hlld been given OIlC brllshed cont of red lelld ill linseed oil. It wus 
designed uftcl' thc WillilU!ls-ll!l,zen formula, with C'w= 100. These tests indicated 

http:unsupport.ed
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that an a verago value of C..=76.5 satisfies the loss for its particular velocity in 
each size of new pipe.. However, this method does not assign a variable loss to I 

the various kinds of pipe, the quoted value resulting from the two highest flows. 
Flows at the lesser velocities indicated values of C .. up to 104. These values 
are so far apart that no definite deductions are possible, except that flow in heavy
butt-strap pipe is characterized by a very high retardation loss. 

No. 156.-R1vcted and welded compound pipe-Perurtock. Kern Rher No.3 power house. Southern 
California l~diBon Co., Kern County, CaiiC.-Capacily +6.1 per cent Cor No. 156 and +4.1 per cent 
Cor N<>. 156a. 

This plant is served by two penstocks, each having the following sequence 'of 
sizes nnd types of pipe. Plate thickness varies from threc-eighths to seven­
sixteenths inch: 

Length I Size of pIpe Plate thickness Type of riVeting 

Lln./t.
316 M·lnch•••••••••_.___•__ ._._.___ :J{.·Inch._••_.___.___ •__•••••••• RIveted pipe. 
237 78-Inch •• ".............__••••_••• __ •••••.•••_.••••••___•••••_•. Do. 

206 72·Inch•••••••••_............... Yf.·lnch•••••••••••••••_.•••_. Do. 

85.1 6t;.!nch.• "••••••_•••••••••••••••••••••••••_•••_•••••••••_•• _•••• Lap-welded bump Joint. 

870 jJO.lnch I ......................................__._.__._.____ ._. Do. 


1 Including Venturi meler. 

Longitudinul scams in riveted pipe are double-riveted and triple-riveted lap 
joints while all girth scams in riveted pipe are butt joints with outside butt strap. 
In the welded pipe the girth joints are all bump joints With double lines of rivets. 
The inside of this penstock was brushed with one coat of graphite. 

A series of tcsts by H. L. Doolittle was made on the over-all losses, from which 
were deducted the velocity heads for the velocities in the 60-ineh pipe, plus the 
loss through the Venturi meter, plus the losses at entrance to the various tapers 
as the pipe became smaller. The quantity of flow was measured through Venturi 
metcrs and the loss of head was measured with mercury U tubes. The Edison 
Co., in sending the writer data for these tests, included Il. logarithmic diagram 
showing 0. strnight line loss-of-head law on the assumption of a value of n in the 
Kutter formula of 0.0112 for the welded pipe and 0.016 for the riveted pipe. 
Corresponding round-number assumptions in the Vi'illiams-Hazen formul11 
would have been Cw=130 for welded pipe and 100 for the riveted pipe. It should 
be noted that the Pacific Gas & Electric Co. found a value for similar bump­
jointed welded pipes alone as about 114. (Sec Nos. 228 and 230.) 

This penstock was designed with the use of the Kutter formula using n=0.012 
for the welclecl pipe ILnd 0.016 for the riveted pipe. 

The computations ill columns 11 and 13, Table 2, were based Oil assumed 
values of C.,=105 and K.=OA,l for the riveted pipe and computing the resulting 
values of a,. ILnd K. for the welded pipe. TheBe assumptions were made because 
only about 10 per cent of the friction loss is due to the flow in the riveted pipe; 
furthermore, enough data on riveted pipes arc at hand to justify the values of 
C,. and K. for such pipes, although all the data available arc needed to support 
deductions made for welded and other pipes of types 2 and 3. H. should be noted 
thaI; Wilkins' tests on Nos. 228 aud 23O-welded pipes with bump·girth joints­
showed capacities slightly deficient in capacity when judged by the wriier's 
formula for pipes of clnss 2. 

No. 160.-Compound riveted steel pipe-Little Brush Creek sIphon, Kern River No.3 conduit. SQuthern 
CalIfornia Edison Co., CalifornIa (127, p. 5)-Capaclty -5 per cent 

Immedintely after the completion of the conduit and power house at No.3 
plant, Kern River, Calif., experiments were made by Doolittle (127). Corre­
spondence with the company disclosed that the data were platted directly on the 
diagrnm given in the cited report. From the platted points the elements given 
in Table 2 have been computed. 

This siphon was 1,170 feet in length and the bottom of the sag lies 327 feet below 
the hyclruulic gradiont. This gave two straight legs joined by an abrupt bend 
at tho sag. From inlet to outlet the sequence of pipe sizes was as follows; 
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Length Diameter tbrc~!:.s Type of riveting 

Fut Inch.. Inches 
245 114 % Double·riveted lap, cylinder Joints. 

40 100 •••••••••• Triple-riveted IRp, cyllnder jo,ints. 


104 Double·riveted, butt joints.
1~ /••••••iiH;340 Trlple-riveted. blltt joints.

120 102 •••••••••• Double·riveted. hutt joints.


4,1 Triple-riveted lap, cyllnder joints. 

243 Double-riveted Inp. cylinder joints. 
In r···..}f" 

It is to be noted that there were six changes in diameters, by 6-inch increments. 
These ehanges were effected by taper transition sections. The values Cwand 
K. satisfy the observed loss of head [oJ" the proper velocity in each individual 
length of pipe for each given quantity of flow. The lcngths of pipe of the same 
size arc combined for computations. No correction was attempted for the local 
losses in the taper sections and in the bend at the sag. The pipe is considered 
as being all of type ld as the losses in the hutt-strap pipe predominate. Without 
the adjustments the average values of K. and Cware 0.573 and 80.7, respec­
tively_ However, it is to be noted that K, changes from 0.517 for the lowest 
flow to 0.G23 for the higiL('st, the corresponding change in C.. being from 95.5 
to 85.1. The losses through the taper sections and for the bend at the sag should 
not be ignored. When more data arc a\'ailable this serics of tests lllay contribute 
additional rvidence as to loss os in such taper sectiolls and Ix'nds. 

It is to be noted that the greatest local loss occurs through the sections of 
heavy butt-strap pipe. This is taken as suflici('!1t to place the whole line in 
class ld. 

No. 162.-24-inch and 22.inch welded·steel compOi1Od pipe--l\Iunicipul supply. Gordon Vulley pipe 
line. VulleJo. CaIiC.-Capacity +2.9 per ccnt 

In correspondence with the writer, Augustus Kempk('y submits data on a 
preliminary test for capacity of the lIew trunk lille supplying the city of Vallejo, 
Calif. This pipe is full welded, composed of 59,267 feet of 24-il1ch pipe of Mo-inch 
plate, 20,488 feet of 24-inch pipe of }~-inch plate, and 35,260 feet of 22-inch 
pipe of 71n-inch plate, making a total length of U5,OI5 feet, or about 22 miles. 
The ficld sections were about 28 feet long, each made of h\'o cylindrical courses, 
the ends of the smaller cylinders fitting into the larger ones succes,.iyely. The 
longitudinnJ joints were butt welded with an electric arc; the field joints, at 
evrry alternate girth scam, were hand welded with all electric arc, the slllaller 
rings being lapped into the larger. Sections were shop dippcd in a hot asphaltum 
<:ornpolllld nnd thell wrapped with a mica covering as a soil protcction; field 
joint!! werc painted with the same asphaltie compOllnd and wrapped. 

Shortly aftcr completion of the line a set of preliminary runs was made to 
Ils('Pr!ain its approximate eapacity. A new Venturi meter offered all excellent 
llJ('(UlS for the measurement of the flow. The overall loss of head was deter­
minc-d by reading pr""sure gauges of the Bourdon type, these readings heing to 
01(\ lIellrrst pound only. 'l'huB the error of reading might be one-half pound 
('lOwr way, eovering !L range of 2.3 feet of head Ilt each end of the line. How­
('v('r, the total loss of head was so great, especially for the greatrr flows, that 
the data are probably more valuable thun more prrcis(' readings on a short 
reach of pipe, although M.r. J(empkry docs not ofrrr thrill as the results of fin­
ished trsis. This line hUH no projecting rivet heads; on the other hund, the in­
terior is not" continuous," as the term is used in this bullrtin. However, It 

comparisoll will be made with class 3-continuOlls-intcrior pipe-on the ground 
that computations are made 011 the basis of the interior dialllrter of the smaller 
rings of pipe ancl the lower velocities, with tIw conseql1l'ncc that the lower fric­
tioll losses in the larger rings compensate for the cnlarge!JJ('nts and contractions 
of the lapping cylindrical courses. The avernge \'alue of K.=0.302 (C,.= 138), 
comparrs with 0.304 for the welded portion of No. 156, wilh 0.287 for tl1(' strnighter 
fnll-welded line at Bend, Oreg. (No. 311), and with 0.342 for the vcry crooked 
Marin line (No. 313). These values all indicate that the writer's recoJllmended 
K/ "," 0.32 is conservative. 
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DREDGE PIPE 

No• .aOZ.-15-lnch sleel Itlpe, Taylo....vllle dam, Ohio (93)-C.'lJ8Cily -4.2 per cenl 

At the Lime of the construction of hydraulic-fill dams for the Miami conserv~ 
aney di8trict, Ohio, a series of tcsts 011 the loss of head in dredge pipes carrying 
clear water was carried out by 1. E. Houk. Identical methods were employed 
for all t.hree pipe lines· tested. Loss of head was determined by a carefully cali­
bmted pressure gauge. Velocities were ascertained by lowering packages COIl­
taining 1 ounce of putassium permullgallate and 1 pound of suit into the suction 
pipe, \\ hich were well distributed in the water by the pump ruuner and observed 
at the outlet ends of the line. The permallganate's purple color was visible 
when clNtr water was being tested. The salt solution was electrically observed, 
electrodes of copper and zinc strips being placed one-fourth inch apart in the outlet 
jet. The needle deflection on a voltmeter checked the optical indication of the 
color, indi('aling the fcasibility of using the salt alone whcn mud and gravcl 
were running in the pipe. The pipe listed as No. 402 wns 2,075 fecI. in lcngth, 
composed of 7'1Iellgtlu; of riveted soft steel and 56 lengths of welded hard steel. 
The pipe units wt're approximately 16 feet long and were fitted together by 
"stovepipe" joints. This reach contained one flap valve; one 30°, four 45°, and 
two long-radius DO° b(>nds, and one Y unit. Obviously Ii pipe in this service 
would 1m highly scoured on the inside. 

No. ·1O·1.-15-lnch 81eel pipe-Taylo....vme dam, Ohio (93)-CaPllclly +8.9 Itcr cenl 

Exactly silltilnr to the tc'sts described under No. 402 above were those con­
dueled by L K Houk upon another reach of dredge pipe composed of 8 joints 
of welded hnrd sleel and 76 joints of rivetcd soft steel assembled by slip joints 
into a length of 1,340 feet. This reach included one flnj) vulve, one 30° bend 
and two 45° bends, and two long-rndills 90° elbows. This series also was run 
with dear waler alone. The indicated capacity was superior to that of No. 
402, although the reluth'e amounts of welded pipe and other conditions of 
retardation would t(>nd to produce the opposite effect. 

No. ·IOG.-15-inch .Ieel pipe-Eniliewood dam, Ohio (93)-Caltacily -1.4 per cenl 

~lr. HOlik reports a series of observations made on a. reach of dredge pipe 
at the [';nglcwood hydrllulic-fill dam in a manner idcntical with that described 
under No. '.102. This reach was 780 feet long, consisting of 20 lengths of riveted 
soft >;t~·t·1 tUld 2G l~ngths of welded hard steel drcdge pipe and GO fcel of standard 
\\T()ught-tron pipe bolted together with screw flange joints. In the reach were 
two 15'0 bends, one long-rtldius 90° elbow, and one flap valve. Clear wuter was 
llS('<l for this series of runs. 

NfJ~•.	108 10.122. inciusive.-Lllp-riveted steel pipe, from 31.88 to 3·j Inches. Inside diameter-Discharge 
pipet! frum Mil<HIHSippl Ith'er dredges (115. J-i)-Avemge capacity less thun -1 per cenl 

1". B. :"J:~llby gives sOllie notes on the loss of head due to friction in pipes 
('()IIn'ying dredged lIlaterials, the dredges being the large type used on the 
?llississippl ltiver (115,1),453). This loss was measured by piezomctcrs inserted 
in the pipe: lines at various poillts and by simultaneous J'cndillgs of gauges attached 
t.o these piez()meters. Velocities in the pipes were determincd with Pitot tubc. 
~'or nil t~le lines exC'cpt thc Bela (No. ·118) the loss included that at the joints 
us \I'e 11 .ill! through the unit lengths of pipe. The LJellllillc was straight, of }~-inch 
plalt', :~3 inches inside diameter, made up in rings about 5 feet ill length, these 
rings lapping in lhe direction of flow. All rivct heads were countersuuk, the 
pijlc being perfc('Uy smooth and bright inside as a rcsult of scour of the drcdged 
muterilll. For the Bela line cll.j)acity was O.8p~r cent less than that callcd 
f()r by the writer's formula. The pipe conncetions on the KU1Jpa and ihe Flad 
WNe ball-nnd-s(wket joints permitting deflections of about 20° eithcr way. 
The indiented cnpadties were 7.7 Jler cent excessive nnd 8 per cent deficient, 
rcs(J(·cli\'ely. For the other six dredges the joints were short pieces of rubber 
hO!lc which slipped over the ends of ndjoining lengths. These lengths werc 
genentlly 50 feet, but the ncl(~ line had some 100-foot Ipllgths. l\1r. l\Inltby 
phlltcd his observnliolls for loss ()f head, but the writer's figures are taken (rom 
the table given by Mr. Berridge ill (15). 
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SPIRAL-WVETED PIPE 

Nos. 502 to 514.-4-lnch and 6-lnch splrW-riveted steel pipe, asphalt coated-Experlmentsl lengths,
Cornell University, New York (151) 

In 1904 und 1905 experiments were conducted on 60-foot lengths of nominal 
4-inch and 6-inch spiral-riveted asphalt-coated pipe, the flow being tested both 
with and against the laps. The results of these tests were reported by E. W. 
Schoder und H. A. Gehring. The quantity of flow was measured volumctrically. 
The lOBS of hcad was measured by water-column differential gauges. All pipes 
were 120 feet long, of which the lower 40 feet comprised the test length of the 
nominal 4-inch pipe and the lower 60 feet that of the 6-inch sizc. All piezometer 
holes were 1 inch in diamcter, carefully reamed out and all located in similar 
position with relation to the Japs. Thc mean diameters of thc experimental 
sections were 4.08'1 inches for the nominal 4-inch and 5.962 and 5.943 inches 
for the nominal 6-inch. The flat-head rivets and asphlatum coat contributed 
to a capacity itl eX('CilS of that indicated for similar pipe when galvanized only, 
such as those listed IInder Nos. 520 to 533. If the tests on pipes 502 to 514 
be taken as indicative, conservative values of K. are 0.38 for new-pipe flow 
with the laps and 0.'10 far tlow against the laps. The value for flow with the 
laps would thus be identical with that otfered for ordinary riveting in sheet­
molal pipes in class 1a. (~ee discussion under Nos. 520 to 533, following.) 

No... 520 to 533.-I-ltlch, 6-lnch, 8-lnch, and ·IO-Inch spiral-riveted steel pipe,lIalvanlzed-Experimenj,,1 
lenglhs, Purdue University, Indiana (73) 

Beginning in 1917, thcsis work of senior students of Purdue University, sup­
plemented by work and further computations of F. W. Greye and R. R. IVlartin, 
resulted in extending the work on spiral-riveted pipes to include those up to 
10 inches in diameter. Experiments were conducted on reaches approximately 
40 feet long, of galvanized pipe. (Note that Nos. 502-514 were on asphalt­
canted pipes.) All pipcs wcre of lu-gauge nletal. Tests were made both with 
and ap;ainst the laps. Loss of head was determined by differential gaugeR at­
tached to piezometer rings with multiple-hole connections to the water prism_ 
The gauges were watcr-und-air columns for low flows and mercury columns for 
higher velocities. The quantity of water was determined by weight. 

The results of these tests showed capacities for the 4 and {) inch sizes of gal­
vanized pipe to be but slightly less than Gehring and Schoder found for similar 
pipe when Ilsphalt-contcd (Nos. 502-514). However, for the 8-inch and lO-inch 
sizcs the relative C'apacities were materially less. The only difference apparent

',. was that between the asphalt coats and the galvnnizing coats, the asphalt tending 
to rouucl over the flat rivet heads and leave them less in evidence than was the 
case with the galvanized cants. 

The capucity eOlllPutations, based on values of K.=0.38 for flow with the 
lups and 0,44 for flail' against the laps, showed a slight deficiency, while Schoder's 
tests ou asphalt; coated pipes showed a slight excess capacity. In the final 
rcc-omtnon(\atiollll, valuel'l of K.=0,44 for tlow with the laps and K.=OA8 for 
flow against the laps, arc otfered as more conservative for field installations. 

CORRUGATED PIPE 

No. I;O:t-2·I-inch corrugaled iron pipL~Oulfail sewer, EI Paso, Tex. (16B, 106)-Capacily +12.1 
per cenl for No. 602 and -1 per cent Cor No. 602a ,. In August, 1913, the city of El Paso commenced discharging sewage through a 

h'mpomry outfall of 24-inch corrugated pipe, 3,784 feet long and between a 
pumping plllnt and the outlet in the Rio Gmnde. The line was of standard 
galvnnized iron, the sections lapping one corrugation. Soon after completion 
of the line F. II. Todd conducted tests for the determination of capacity. Gauges 
were seL nt three points on the line, giving the loss of head through a reach of 
straight pipe 1,038 feet long and through a reach containing a curve, 1,770 feet 
long. At the outlet end the water was checked by a partition board so that the 
pipe flowed full throughout its length. Quantity of water was determined by It 
wcll-made rectangular weir between the outlet and the river. The piezometer 
connections were similar to those used by the writer, consisting of sDlall bl'llss 
tubing Re[!lt'd at the end but drilled on the side. These tubes were thrust into 
the WHirr prism at the horizontnl diameter of the pipe, through the small-diameter 
corrugations. This nrrnngrI!1ent placcd the actual piezoDleter orifice well out 
in the wllJer prism, ILway froUl the heavy eddies caused by thc corrugations. 
~'roIl1 the piezometers, rubber tubing led to gauge glasscs mounted beside papcr 
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scales. These glasses were set by levels so that the loss of head was determined 
by direct readings of the three water columns. The elements of the observations 
were not givell in (168) but were furnished in correspondence by Mr. Todd. 

The results of these observations can probably be best discussed in terms of 
the Kutter formula, as aU the meager data on this type of surface were developed 
in the Rame way. For the straight pipe the average value of n was 0.01985, while 
for the section including the curve this average n was 0.0212. It is interesting to 
compare these figures with those found by D. L. Yarnell and his associates in the 
laborutory at Iowa City, Iowa: "The coefficient of roughness, n, in the Kutter 
fomlUla, for the corrugated metal pipe ranges from 0.019 for the 12-inch size to 
0.023 for the 30-inch size" (183, p. 10). An increase in the value of n with an 
increase in pipe size is characteristic of all pipes. 

APPENDIX 2 

No. 22i.-Expcriment 8-135a-c-d-65-lnch welded steel pipe with riveted flcld seams-Mokelumne 
Aqucduct. East Bay municipal utility dlstrfct, California-See No_ 16-1 (38)-Capacity, reach 227a. +3 
per ccnt; reach 227b, +7.9 per cent, reach 227c, +8.2 per cent 

The new aqueduct, leading from Pardee Reservoir, 011 the Mokelumne River, 
to the cities of Oakland and Berkeley, and other tOWllS, comprising the East 
Bay municipal utility district, was placed in operation during the summer of 
1929. A short time later a test for the determination of the initial coefficients 
of retardation was made in illronnal cooperation with the engineers of the dis­
trict. This test was made on four separate reaches of steel pipe line aggregating 
some 80 miles in length. 

The various units of this pipe were fabricated in the shop by bending two 
plates, each 30-feet long, to the curve of the pipe .Lnd electric-welding the two 
straight scams. (Plate 1, D.) Thus the only girth scams were those made in 
the field, for the most part by riveting through a bell-and-spigot joint, formerly 
called a "straight-bump" or through butt straps. That is, the various units 
are cylinders of equal size. 

Mercury U-tube columns were 'set up at five points between the dam at the 
reservoir and the pumping plant at Walnut Creek. The pressure head in the 
pipe line operated on the mercury gauges through standard %-inch valves in the 
pipe connections of five air valves at summits. All of the connections were thus 
identical and the difference in elevations of the summits of the various water 
columns equivalent to the observed mercury columns of course gave the loss of 
elevation as the water flowed from gauge to gauge. The quantity of now was 
measured at two Venturi meters, one near the dam and the other at the pumping 
plant mentioned above. These had just been checked by observations of the 
mercury test-columns. The metered flow was checked by two observutions of 
the velocity ill the last 10 miles of line, timing shots of potassium permanganate 
and of Buorescein. A correction of about one-half per cent was necessary. 
The test was madc at but one flow, the maximum possible for the stage of water 
in the reservoir, at much Jess than full capacity. The booster pump at Walnut 
Creek was operated to maintain a uniform pressure of but 5 or 6 pounds at the 
intake pipe. Headings of the various gauges and of the Venturi meters extended 
over a 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 them required 
the long leg of the mercury column to be from 19 to 22 feet-believed to be an 
unprecedented head for a portable mercury gauge. For each gauge a single 
sight with a Y level carried the elevations from bench marks set in the concrete 
tops of the valye boxes. These bench marks represented the final level eompu­
ta'tions for many parallel level lines. 

The necessary temperature readings were taken in order to convert the par­
ticular mercury column for the particular temperature at that moment, to the 
equivalent water column at the average particular temperature in the whole 
aqueduct, 80 miles long, that had a bearing on the pressme balanced by the 
mercury column. 

The writrr regards these observations as deserving higher regard than any
similar tests previously made. 

The eoeflicients of retardation all indicate a capacity slightly above thab when 
computed by the coeflicients recommended in this bulletin. However, this ex­
cess is not greater than should be expected since the conditions for this aqueduct 
were more favorable than woule! usually be the case. The reaches are long and 
relativ('ly straight in both plan and profile. The coating was considered among 
the best obtainable, regardless of cost. As shown in the photograph (Plate 1, 
D), there were no wrinkles or bumps, so often fouud after dipping. 
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Reach 227a, about 22 miles long, of bell-and-spigot pipe, in plate }fa and_ ~ 

inch 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 less than that of the more distant portions of the line. This phenome­
non was commented upon by Mills and a formula was developed to indicate the 
differ'Jnce in lincs close to reservoirs and those farther away. However, the line 
had been 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 
capacity less than 1 per ccnt better than do the coefficients for the reach just 
beyond, No. 164, a compound pipe some 25 miles long. Reach 227b lies beyond 
the compound pipe, on the flat floor of the valley. The straight lengths so far 
exceed the curvature that it can be considered as a straight pipe. While about 
10 miles in lcngth, this reach contains nearly 5 miles of pipe with field girth joints 
abutting without rivet heads. Some of these joints were butt-welded with acety­
lene torch but for the most part they were electric welded under butt-strap 
sleeves. 	 This reach classifies midway between classes 2 and 3. The coefficients 
for this reach are in close conformity with those found by Randlett on the Port­
land, 	Oreg., pipe (No. 226) and by Kempkey for the Vallejo, Calif., pipe (No. 
162). Reach 227c some 22 miles long was aU single-riveted under butt-straps, 
of plates either %or }fa inch thick. The thickness of plate does not affect the 
capacity in this case as the pipe sections were all cylinders 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 surrounding this pipe warrant such an excess over that computed for usual 
conditions. (See pipe No. 164, which is a reach of compound pipes placed be­
tween 227a and 227b.) 

No. 1&1.-Experlmcnt S-135b-C<>mpound pipe. 54 to 65 Inch. Mokelumne Aqueduct. East Bay municipal 
utllJly district. CallCornin-See No. 227 (38)-Capaclty +3.9 lIer cent 

Just following the reach described as No. 227a the aqueduct at present (1929) 
consists of some 26 miles of pipe of various sizes, aU of }Hnch plate, welded or 
lock-bar seamed in the longitudinal joints and mostly double-riveted- under 
butt straps at the field girth seams. The sequence and distribution of sizes is 
given in Table 2. Thc only part requiring explanation is at the triple river 
crossings where the flow in a single pipe is divided between two 54-inch pipes, 
again returning to a single pipe after each crossing. The a3sumption is made that 
the flow divides equally; hence that the velocity is but half that if the fuU flow went 
through one 54-inch pipe. However, the retardation loss is, of course, running 
simultaneously in the two pipes so it is computed for l1alf flow in a single pipe. 
This reach is so long that local losses at the transitions between sizes can be 
ignored. The overall loss of hend between mercury columns was nearly 102 feet. 
Aside from the dips at the river crossings this reach extends over perfectly flat 
country and has but little curvature. The coefficients of retardation are slightly 
bctter than for No. 227a, prececling. Likewise they are inferior to those for Nos. 
227b and 227c following, showing a progressive improvement in capacity factors 
as distance from the reservoir is attained. (See No. 227 above for description 
of tests.) 
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