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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

A METHOD OF DETERMINING THE
VOLUME AND TONNAGE
OF HAYSTACKS

By W. I, Hosvensman, U Asseciate Marketing Specialist, Division of Hay, Feed,
und Sced, Bureau of Agrienliural Economics

In cooperation with the Agricultural Lxperiment Stations of California,
Colorado, Idaho, Minnesota, Montana, Nebraska, Nevada, Oregon,
South Dakota, and Utah

CONTENTS

Puge
Stack bny sales Dnporfant but methods in- Voluttie of round stacks
Reeurnto 1 Studics an the getermination of voluma.
Reasons why hay s sold by monsaro. ... K Studies of the aceurnsy of old volome rules
Fopular mensaremaent niles not based on far round stocks
Tesenrel E Formutation of new rule for determining
Haoview of previous research E volume of round stacks
Cooperativa Investipntinng on stnek mens- eterminatlon of eubie feet required fora ton.
uroments, 27, 1828, amd 10300 . . Stacks of various kinds svgregated
Qbjectives i Mathad of determining volume per ton_.
Seope of wark _._ Cunbic lept
Tinta collegted . Varintions n density
Prablems presentad for stody _ Nued for additional research. .
Volume of rectangular stacks . Summory
Studles on aren of cross sections
Studdies of eross-sention arens by old miles.
Fernnitation of new mles for determining
cross-section nren

STACK HAY SALES TMPORTANT BUT METHODS INACCURATE

Large quantities of hay have been bought and sold in the stack on
a tonnage basis for many years. The parties interested in such trans-
actions commonly agree on the quantity of hay in sach stack by
measuring it and then computing the volume and tonnage according
to various rules that have been devised.

This method of marketing hay is followed extensively in the Pacific
and Intermountain States and in the surplus-hay-producing areas of
the Great Plains States. The cattlemen and sheepmen of these
areas, who do not have o sufficient quantity of forage to feed their
stock during the winter, often buy their supplies by measurement.
Some stockmen do not have any meadow land, but follow & regular

1'The nuthor wishes especially to acknowledge the assistance received Ln the bursau from E. C. Parker
sud H. R. Telley In outlining the wark and reviewlng the bulleling and from W. 7. Spillman, H. R,
Tallay, and M. J. 3. Ezekial in the mathematical sfudies presented,
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practice of driving their flocks and herds into the high mountain
valleys or range lands for pasture in the spring and summer, and of
driving the stock down again in the fall and wintering them on alfalfs
stubble and on hay bought from the valley [armers.

Hay dealers purchase hay by this method in some aress, although
this is not a general practice, because the dealer realizes that there is
considerable variation in individual stacks and that the tonnage
bought by measurement may not hold out by weight. Dealers
learn alse that some farmers put up their hay in » manner that will
cause it to weigh out less than the average tonnage provided by the
rule in use in that section. Farners olten discover, too, that if they
huild large, weather-resisting stacks, the hay may weigh out a greater
tonnage than that provided by the rule commoniy used.

REASBONS WHY HAY 1S S0LD BY MEASURE

One of the principal reasons why hay is sold by measure is that
in many communities no scales ave available to weigh the hay.
Another reason is that the method of feeding the hay is sometimes
such as to make weighing impracticable even though farm scales are
avnilable.  Often the sheepman or cattlemen make arrangements
with the hay producers ic: pasture the meadows during the fall and -
winter and to feed the hay direct from the stack when snow covers the
pasture, or when the pasture hecomes so short that hay feeding is
necessary. In such feeding operations the hay is cither scattered
direct from the stack with a short haul and consequent econonry of
labor, or feed vacks are arranged about the stack so that the hay is
not loaded on a wagon or sled. On the large farms and ranches, to
load »ll hay and haul it to and from a wagon seale would often add
an expense in the leeding operations that would be as great as any
gnins possible from huying weighed hay instead of measured hay.

In some sections in which the dealers purchase hay by measure the
farmers are satisfied with the returns they receive. Where this custorn
is [ollowed the dealer is often the operator of an alialfa mill, who buys
his season’s hay supply from the farmers in the fall of the vear, and
who hauls the hay from the stack to the mill as it is needed. 1In the
sections in which this method of selling hay is practiced, the farmer
realizes that even though the estimate cf tonnage determined by
measurement is not so accurate as that determined by weight, it is
preferable to use this estimate rather than await payment for several
months until the hay can be weighed at the mill. Moreover, he runs
no risk from damage that may occur to hay in the stack.

POPULAR MEASUREMENT RULES NOT BASED ON RESEARCH

The most popular measurement rules, such as the Frye-Bruhn,

Quartermaster, and Outlaw rules, that have been in use for many ~

years, are not based on the results of extensive research. Those who

have used these rules have never known much about their acouracy

for computing the volume of haystacks. These rules were born of

necessity and were the outgrowth of a situation that required some

method of determining the volume of haystacks to meet the practical

%onditions of hay marketing in the important hay and livestock
tates,
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f - . UNITED STATES DEPARTMENT OF AGRICULTURE
Washington, D. C.

CORRECTION

Technical Bulletin 238 of the U. S. Department
of Agriculture "A Method of Determining the
Volume and Tonnage of Haystacks".

In the preparation of the mamuscript for Technical
Bulletin No. 233 "4 Method of Determining the Volume and
Tonnage of Haystacks" an error in the mathematical
formulas was introduced and was not noted uniil the pub-
lication was printed, The following corrections should
be inserted in this publication:

Page 18: The formulas should read

(0.52 x0 - 0.44xW) ¥
(0.52 x ¢ - 0.46 x W) ¥
(0,56 x0 - 0.56 xW) W

Page 20: In table 3 the formulas in the box
headings should read as above.

Page 28: In the fifth paragraph the coefficients
of L should be as stated above.

Page 35: In the fifth paragraph the coefficlents
of L should ve as stated above.

Page 24: In the middle of the tbird paragraph,
the formala should read 5
V=(0.04x0 ~ 0.012 x [}

Poge 35; The formula in the next-to-last
paragranh should read as next above.




DETERMINING THE VOLUME AND TONNAGE OF HAYSTACKS
REVIEW OF PREVIOUS RESEARCH

Agricultural literature does not contain many references to rules
for determining the volume of haystacks or the number of cubic feet
required for a ton that were developed from research. The most
important references are given herewith: )

Spillman,? in 1905, referred to the rules now known as Outlaw and
Frye-Bruhn rules and said that these rules are not accurate but give
results 15 to 30 per cent less than the actual volume. He gave a rule
in which height is one of the measurements required; but since this
is verv difficult to measure, the rule was never used extensively. He
stated that it was & common custom to consider 512 cubic feet as a
ton for hay that had been stacked only n few days and 350 to 380
cubic feet for hay that had stood two months or more. .

The United States Department of Agriculture, during the years
1910 to 1912, carried on some investigations for the purpose of deter-
mining the number of cubic feet in ricks or stacks of hay and to
determine the number of cubic fect required for & ton. The results
of this study were published in 19132

In 1916 this material was tevised, data relative to errors in measure-
ment and rate of settling of hay in-the stack were added, and a second
publication was issued’ 'Thise department publications gave the
formula FOWL=Volume. In this formula O=over, W =width,
L =length, and F some factor varying from 0.25 to 0.37, depending '
upon the height and fullness of the stack. For low, wide stacks the
factor used was small (0.25); for tall stacks with full sides the factor
was large (0.37). The cross-section drawings of nine stacks of differ-
ent shapes were shown so that the factor to be used could be selected
according to the shape of the stack measured.

These department publications also gave a method for determining
the volume of round stacks. The method suggested divided the
stack into several ceometrical figures and then gave the formulas for
determining the volume for each ol these figures. In the formule the
circumference was given instead of the diameter and a factor varying
from 0.027 for cone-shaped stacks to 0.053 for dome-shaped stacks was
given. When the stack had a distinet base with straight or sloping
side walls, that portion was considered as a cylinder or frustum and a
special formula was given therefor,

Tn connection with this study, 92 stacks were measured, and the
hay was subsequently weighed for the purpose of determining the
average number of cubic feet per ton. These dais were obtained m
the States of Virginia and New York and showed that timothy hay
stacked less than 30 days required an average of 500 cubic feet for a
ton. Hay stacked more than 30 but less than 60 days required 581
cubie feet per ton, and hay that was stacked more than 74 but less
than 155 days required 5i5 cubic fest per ton. These figures were
obtained on timothy and mixtures of timothy and clover and were
not intended to be applicable to alfalfa or prairie hays.

1 9piLLMAK, W. F. FARY GRASSES OF THE UNITED STATES; A PRACTICAL TREATIIE ON THE GRASS CROT,
SEEDING AND MANAGEMENT OF MEADOWS AND PASTURES, DESCRIPTIONS OF THE TEST YARIETIES, THE SEED
AND JTS IMFURITIES, GRAJSES FOR SPECIAL GONDITIONS, ETC, 248 ., lllus, New York and London. 1504,

I McCLURE, B, B., SEILLMAN, W, 1., and FROLEY, J. W. 3MEASURING JIAY I¥ RICKS OR STACKY. U. 5.
Dapl, Agr., Bur. Plant Indus, Cire. 1312 1424, s, 1913 )

+ and SPILLMAN, W.J, JMEASURING HAY IN RICES OR STACKS, U. S, Dept. Agr., Off. Bre. Cire. i
10 p., illaa. 1816,
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Macpherson ® reported 8 method of caleulating the volume of oblong
and round hay stacks:

For caleulating the contents of oblong or squarc haystacks (Fig. 1} take the
length and breadth of the stack in feet and inches halfway befween the upper part

of the stack bed and the eaves, A to B and B to , an ellowance (from 3 inches
in frimmed stacks to § inches in others) beiug made in each mensurement for {he

“infniiniainilialiaty’ & 3

k4
1]

LR ETEY. )

........... + -

Fune | —Measirentents taken in computing voliume of haysiacks. ‘These are the measurements
nsed by Mpephorson for Qetermining the voleme of oblong and ronnd stacks,

loose outsides; then take the height from the upper part of the stack bed to the
caves, D to E.

T'or stacks with gable ends take one-third of the perpendieular height of rool
BEic¥.

Tor stacks with hipped cnds take one-fifth of perpendicular height of roof.

EXAMPILES

Breadth of stack {A to B}

Length of stack (B to &)

Height from upper part of stack hed to eave

One-third of height from eaves to ridge {E to
Total average height of stack

Contenis of sinck=length )X brendth X} total average height:—

25
50
1250
15
H250
1250
27118750 cub. ft.
694.4 cub. yd.—contents of stack.

Having a stack fairly well setiled, and weight per cubic foof 8.25 Ib., $his would
give, according fo table, 10 cubic yards to the ton. Therefore weight of hay
in stack is 604.4+10—69.44 tons.

To determine the number of cubic feet contained in a round stack with a con-
ical top [fig. 1] the average girth must be measured at AB. The mean or average
height {s ascertained by taking the perpendicular height from ihe base of the
stack to the eaves CD and adding to it one-third of the perpendicular height
from the eaves fo top DE.

S MACPEERSON, A. MEASUREWENT OF 9TACES TO FIND WERIGHT OF CONTENTS. New Zesl, Jout. Agr. 20:
115-117, s, 1020,
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Multiply the average girth, 45 %, by itself:—
45

225
180

2025
Multiply the resuit by . 0795

10125
18225
14175

160.9875 s, L.

Muitiply then by height C to D=13 f}, plus one-third height of Do E= 3 ({.=
16 f§.:

160.9875
16

9659250
1609875

2575.3000

If hay in stuck is fairly well settled and weight per cubie foot 8.25 1b., this
woald give, according to table, 10 eubic yards {o the ton, by which figure dxnde,

as followa:—
27)2576 cub. ft.
13795.4 cub. yd.
9.5 tons.

The weight of hay per cubic vard in the stack depends on the nature of the
hay, its age, the size of the stack, and the part of the stack taken. It varies
from 112 1b. to 300 lb, per cubic yard. For different conditions of hay and
stacks the number of gubic yards to a fon will approximately vary as follows:

r

ies i Oblong or Square Stacks, ' Round Stacks,
Condition of Stack Cubic Yards ! Cubie Yards
;

Not well settled 12 {324 e, fbl oo 131351 cu. ft.]
Fairly setiled 101270 cu. £ 3 oo | 11 [297 eu. ft.)
Very compact & [216 cu. ft.] . 9 [243 cu. L.}

Second-eut clover hay will requive 13 [351 cu. ft.] or 14 {378 cu. ff.] cubic

yards fo a ton.
The weight may be ascertalned very accurately by actually measuring the
cubic contents of & truss, and from this calculating the weight of a cubie foot.

MeCarrol ® says that the best method to determine the volume of
hey stacks is by use of the prismoidal formula snd gives illustrations
of various-shaped stacks, the measurements that are necessary to
determine the volume of these different-shaped stacks, and the con-
stant multiplier that must be used for the different shapes.

He states that the number of tons of hay in & stack will vary with
a number of factors: {1) size of stack: (2) ege of stack; (3) condition
of stack; (4) sort of hay, :md (5) qu&hty of %1

¢ ‘\fIccmnor. W QUANTITY ESTIMATIONS ON TIIE FARM. Agr. Gaz. N. 8. Wnk.sas 085-088, IIIns 1928
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The following fuble gives the number of cubie feet of hay of various kinds to
the ton for various periods after completion of stacking, the figures heing the
results of actual experiments:—

Cubic Feet of Hay to the Ton

Osaten Wheaten |

Period after stacking i Lucerne
Sheaf | Loose | Sheaf : Loose

] : H
Tmmediately on completion | 350 | 4001 400 : 500 : Varies grestly from
of stack. ' l © 400 to 800 cu. ft. to
| the ton,
325 375 375 450
300 ! 350 | 380 | 400
300 325 360 400

At Buathurst Experiment Farm, wheaten hay averaged 297 cubic feet to the
ton, and loose straw 892 cubie feet to the ton. Any figure taken can only be
approximate, The figures in the above table will serve as o guide and indicate
that little or no settling takes place after the first month.

_Rabate,” a French authority on methods of stacking hay and grain,
gives rules for determining the volume of hay stacks. He gives rules
for determining the volume of cone-shaped stacks, truncated cone-
shaped stacks, and prismatic stacks, These are the usual mathemati-
ca} formulas used for determining volume of such figures, except that
the diameters are expressed in terms of the circumference because
circumference of the stack is easity measured. Rabate also gives the
following information relative to the weight of a cubic meter:

The weight of the cubie meter is rather diffieult to determine. Tt varies, not
only with the kind of eommodity stacked, but also with the duration of the settle-
ment and the height of the stacks. It is greater in the lower layers or on the parts
of the stack where the wagons have been unloaded. To determine the exaet

~weight of the eubic meter in a hay or straw stack in distribution, measure the
volume of a section of the stack, remove the section and weigh it. Ringelmann
caleulates the weight of o cubic meter of hay, in the case of shenves pressed into
stacks, as from 70 to 80 kilograms [457 to 400 cubic fect per ton]. Lefour and
Wagner make it 90 to 100 kilograms [356 to 320 eubic feet per ton] in the case

of hay in large stacks, firmly pressed down. i

COOPERATIVE INVESTIGATIONS ON STACK MEASUREMENTS, 1927,
1928, AND 1929

OBJECTILYES

Farmers and stockmen for many years have called the attention of
the United States Department of Agriculture to the importance of
haystack sales by measurement, and to the fact that no accurate rule,
which could be essily applied, for deiermining the volume of stacks
has ever been deveioped. The meny letters on this subject which
the department receives indicate that it is a problem of wide spread
importance in the important hay-producing States. In 1927, and at
the instigation of one of the western alfalfa-producing States, & project
was organized in the Bureau of Agricultural Economics to investigate

P RaBatE, B, LES MEULES. Vie Agr. et Rurale Annfe 5 (13): 220-234, illus, 1915,
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the problem and to deternine, if possible, whether more aceurate rules
could be lormulated {han those heretofore developed.

A second purpose of these investigations was to check the rules
in use at the present time for determining volume of hay stacks.
As these rules are not based on the results of research their accuracy
is doubted. If the investigational work should show such rules to be
inaccurate the necessity for new rules would be apparent; or if one or
more of these should be found accurate, their use could then be
recommended.

The third purpose of these investigations was to determine the
number of cubic feet required for a ton for different kinds of hay.
Little work on this subject had ever been done. The work of the
Department of Agriculture in 1910 to 1912 provided the only data
available, and that gave information only for timothy and timothy
andl clover mixed hays on relatively small stacks. No data on the
number of cubic feet of alfalfa or prairie hays required for a ton were
available except figures used by the farmers; these were not the result
of eareful measurements and wetghts. It s in the sections in which .
these two hays are grown most generally that selling by measure is

n common practice.
SCOPE OF WORK

The investigations were organized in cooperation with a number of
the important hay States in which the sale of surplus hay by measure
is a frequent practice. In many of these States the surplus hay can
not be slhipped out of the State either because of alfalfa-weevil quaran-
tines or because high {reight rates prevent marketing in the eastern
part of the United States.

Data were obtained on stacks of alfalfa, timothy, timethy mixed,
wild or prairie grass, and grain hays. The timothy mixed consisted
of mixtures of timothy and clover, timothy and alfalfa, and timothy
and wild or prairie grasses. In all cases {imothy made up 50 per
cent or more of the mixture. The wild or prairie hay consisted mainly
of upland grasses, although & few stacks were mixtures of upland and
cultivated grasses such as timothy and redtop. Because of the simi-
lar texture of these various grasses no attempt was made to segregate
such mixtures into separate groups when the wild grasses made up
over 50 per cent of the hay.

Most of the stacks were measured during the fall of 1927 and 1928,
but in Colorado measurements and weights were obtained on a number
of stacks cach year from 1923 to 1928, and in Oregon data were ob-
tuined on stacks from 1919 to 1928.

A total of 1,932 rectangular stacks or ricks were measured. Many
of these were measured from two to five times at approximately 30-
day intervals to determine shrinkage while the hay remained in the
stack. Six hundred and ninety-five round stacks were measured.
Al the stacks measured in Nebraska were round and a few round
stacks were measured in Minnesota and Nevada. Few of the round
stacks were measured more than once. A few of the field records had
40 be climinated because of obvious errors, but 1,585 cross-section
drawings of the ends of rectangluar siacks and 695 drawings of the
round stacks were found to be free of errors and were used. Figure 2
shows the geographic areas in which the measurements were obtained
and the number of stacks measured in each aren.
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Woights were obtained on 1,758 stacks of hay, of which 1,150 were
rectangular and 608 were round. Many of these stacks were meas-
ured from two lo five times so that 2,659 cases were used in the
determination of the number of cubic feet per ton.

DATA COLLECTED

The data collected consisted not only of the various dimensions of
the stack and the weight of hay at the time it was sold or fed, but
also information about the kind of hay, cutting, method of stacking,
maturity of hay when cut, texture, amount of rainfall from time of

~ MUMBER OF STACKS MEASURED IN EACH COUNTY

|

FloURE 2.—0{ the 2,027 stacks mensured, 523 were located in Californis, ¢4 in Colorade, 3 in Idaho,
365 {n Minnesota, 521 in ATontann, 071 in Nebraska, 38 in Nevada, 159 in Oragon, 32 in Seutll
Dakota, and 220 in Utah

stacking to date of measurement, and any other obtainable facts
that might be of value in tabulating the data.

DATA SHEETS

A uniform data sheet (fig. 3) was prepared by the department for
the use of the field agents. On the reverse side of each sheet (fig. 4),
o eross-section diagram was printed.

The cooperators were instructed to fil out a data sheet for each
stack measured. The several dimensions for rectangular stacks were
defined as follows:

Width.—The width of the stack is the distance between the lines at which the
two sides meet the base. This dimoension should be measured at the ground.
It is a good plan to measure both ends of the stack and take an average of the
two measurements. Width measurements should not follow the bows or con-
tours of stack ends but along a straight line between two points, each point being
where the side line of the stack meets the ground. In case the stack varies in
width from point to point it i3 necessary to make allowance for such variations
in determining the width, the allowance being a matter of judgment.
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Length—If the ends of the stack are straight up and down, measurement of
the length of the stack is & simple matter. If the ends are somewhat sloping, as
they frequently are, especially near the top of the stack, it is necessary to choose
n point such that if the hay below it were cut off and used to £ll in above, this
hay would make the ends straight up and down. In most cases this point should
be nbout one-third of the distance from the bottom to the top of the stack.

10133

Staek Ho._2 [SE Stackl
Stare _Thah Pistrioy . Salt Ialw OLbY 00000
Farmer's tuss snd address . Thooms Doe, Dosyille, H. ¥, D, #2.
Kind of bay _Alfalfs =~ =00 gyiyqpg . FiFat ; Date wtecked _Jume 15
Wethod uaed in bullding steck: Hand pitched Sleds

T1sd of stagaer _MoTmOD Qerxiok 000 Fork or Slinga

3ikok mEposdd in wind gr sheltered —_Exposed
¥aturity of hmy whan gui M

Teatore: Coayee . Mediua . TOR Pine
Mpasurenanis
Approx. APprox. Approx. ApPpTOR. hpprox. Last tise
Elr] H.ln 80 duxa %0 duynm 120 daya 150 daye befors welghliog
Date
Mewsured, | .| Aug, X7 | Sevt. 20 | Oot. 19 | How, £EO
Hekght... . kL 19* 1ot 191
widihe., . - PO L EST - L
[ALTTT TN PRV W . - N - . - A0 - 1 LI V- . V3.
Orer.. ... 54T R - LN A - LR (O . LI
Orer... ... B3
OFer. ... ..
Q¥eT.
orer... ..
Helght
ta holge .
Yoleme ... L
Date weigaed 9900 B0 eignt or estlumate of sasie my HO Vaoke
Wesght of good hay _S8.7B0 IbE, total weight — $4,730 lbsa = 32,0 T
Degres of moistore: Tough . Mredius dry ,..!." Dry

Appresimate amcust of ralnfell from time of staokiog to date of each wessyrement
Precipitation from Juns 15 to or £0, 1988 - 4.14 inches.
Preoipitation froe Fene 19 to December B0, ]8R2 ! 4
Otter remarks: X1 cured and stacked, 46 Issvss, 758 color.

{Zee reverse wide for dlagrss of steck Oross seotion.}

Finvne 3-—Copy of dnbn shect

Height.~—-About Lhe best way Lo wmeasure the height (fig. 5) of a stack is to
stund o rod straight up as close 1o the end ol the stack zs convenient. Then
stand at o distance of 15 1o 20 feet from the staek and cbserve the point on the
rotl horizontally even with the top of the stack. Observing the height of the
stack from the side rathier than directly back of the measuring rod will give the
most accurate measurements, A rod with the feet and hall feet marked so as o
be easily seen should be provided for this work. ’

405686 -3 2
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Over.—The over of a stack is the distance from the ground on one side over the
stuck to the ground on the other side. If the stack is wider some distance above
than ot its base, eare should be used to measure the over from the ground at the
base of the stack rather than at a point dicectly under the widest part of the
stack. In the case of long stacks where there is n possibility of variation in the
over at various peints in the stack, a number of over measurements should he
made and recorded in the spaces provided on the date sheet.

Height to bulge.—The height to hulge is the distance from the ground to the
widest portion of the stack.” This measurement should be a perpendicular dis-
tance from the point of the bulge to the ground.  If the height of the bulge varies
severnd messurements should he made.

5

|
j

10 15 0

FigurE 4. —Hoverse sido of dutn sheet

For round stacks the total height, height to the bulge, the circum- -
lerence at the base, and the circumference at the bulge were the
measurements taken. These menasurements were defined as follows:

Height.—The height of the stack may be obtained by nsing the same methods
as are nsed in defermining the height of sqnare or oblong stacks,

Height to bulge.—Height to bulge may be determined by using the same methods
as for sguare or oblong stacks.

Circumference al buse—Cireumference ot hase is the distance around the stack
at the ground level,  This measurement cun be made with a long tape, care heing
taken to see that the tape is drawn in close to the stack at all points. .

Cireumference at hulge—Circumference at bulge is the circumnference at the
widest part of the stack; careshould be tuken in all eases to prevent the tape from
sagging, as this will result in an innceurnte measurement,
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Ouver—The over of a round stack is the distance from the ground en one side
over the peak of the stack to the ground on the other side. wo overs ab right
angies to each other should be taken.

A cross-section drawing of each stack measured was made on the
reverse side of the data sheet. This drawing was made to scale and
was used as a check on the measurements taken, snd for the purpose
of determining the actual cross-section aren of rectangular stacks and
the actunl volume of the round stacks. In other words, these cross-
scction drawings were the bases upon which was determined the aceun-
racy of the various rules for computing the volume of both rectangular

and round stacks.
METHOD OF COLLECTING DATA

SBevernl methods were followed in collecting the field data. The
project was organized on the basis that the States should collect the
ficld data under the
general direction of Ny
the United States R o
Department of Ag- Lo R o
rictlture and that the
department  should
tabulate and sum-
marize the data. In
most of the States the
data were collected
by a State employee.
These employees
made the necessary
contacts  with the
- farmers, measured
the hay, and obtained
the weights or made
arrangements for ob-

tainin them. In Fiovre a—2ATensuring the height of stacks. A rod marked in feet

S i anel half feet is stom] up at oneand of tha stack. From o distanes
BevVera fates the af 15 to 2u fect from tho stack, the point on the rod horizontally
data were collected evan with the top of the stack is rend. This gives the helght

by reliable farmers or of the stack

Itay dealers under the general direction of State or Federal men,
These cooperators were paid on the basis of the number of completed
records turned in.

DIFFICULTIES ENCOUNTERED IN ORTAINING WEIGHTS OF INDIVIDUAL STACKS

Coansiderable difficulty was encountered in obtaining the weights
of hay in the stacks. In 1928 there was a very large hay crop. Much
hay that was harvested and stacked with the idea of shipping it to
market lnter in the season was never sold; or it was sold locally, and
the weights were not obtained. Throughout the entire period of the
investigations many stacks were measured on farms the owners of
which intended to bale the hay, weigh it, and ship it to market, but
the hay was subsequentiy sold in the stack by measurement, thus
making it impossible to obtain weight data.

PROBLEMS PRESENTED FOR STUDY

Three distinet problems were presented for consideration when this
study was begun: (1) Volume studies for rectangular stacks or ricks,
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(2) volume studies for round stacks, and (3) studies covering the
number of cubic feet of various kinds of hay required for a ton.

YOLUME OF RECTANGULAR STACKS
STUDIES ON AREA OF CROSE SECTIONS

Some method of determining the actual volume of the various hay
stncks measured had to be devised in order to decide whether the
rules for determining volume at the present time are accurnte. It
was decided that the most practicable method for checking the old
rules was fo use the aren of the cross-section drawing of each stack as
the basis for comparison. The drawing of the cross section of the
stack might not be absolutely accurate, but it would give the general
contour of the stack.

This outline drawing obtained in the fisld wes checked by the field
agent at the time the drawing was made by measuring the over of
the outlino drawing with a road or map tracer. If the result obtained
by this insbrument did not agree with the over obtained by the tape,
the drawing was corrected or the ficld measurements were checked.
The field men found the road tracer of considerable aid in the field
work since it tended te check both the outline drawings and the Held
mensurements. :

All outline drawings made by the field agents were measured again
by the suthor with the road tracer, and in those cases in which the
over obtained by the road tracer did not agres with the actual over
given on the data sheet, a correction in the cross-section area was

made. Tho formula for making this correction was A=DQ§A,. (4

1
equals cotrect area of cross section; 4 equals the area of the outline
drawing; O equals the actual over given on the data sheet; and O,
oquals the over of the outline drawing.) This formula was assumed
to be sufficiently correct for this work since the outline drawing and
the mensurments of over and width might also contain an experi-
mental error that could not be checked.

Another method for correcting the ares of the cross section was
followed by H. E. Murdock, of the Montana Agricultural Experiment
Station. He redrew the outline drawing of each stack until the over
of the cutline drawing was equal to the actual over given on the data
sheet. When he made this new drawing he increased the height of
the drawing but retuined the same general outline as that made in
the original drawing. This method gave results similar to those
obtained by the formula given above.

The nctual area of the outline drawing of each individusal stack was
measured by u planimeter. The planimeter was so calibrated that 1
square inch was recorded on the planimeter scale as 0.1. Since 1
square inch on the data shest was equel to 25 square feet on the actual
atack, 1 squere foot of the actual area of the stack represented 0.004
on the planimeter scale. Since the scale could be read in thousandths,
and since each cross section was measured twice and required to check
within 0.004, the actual area of the cross section was mensured to
within 1 square foot of its area. This measured ares was then cor-
rected according to the formula given in the preceding paragraph,
and the corrected area was used as the basis of all future ealenlations.
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STUMER OF CROSS-SECTION _A’RE&S BY OLD RULES

The two rules most commonly used at present for determining
volume of haystacks are the Frye-Bruhn rule, or rule of two, and the
Quartermaster rule. Several others are used occasionally; The Out-
law rule, the FOWL rule, and the mathematical or triangle rule. A
description and a discussion of each of these rules are given in the
paragraphs next succeeding. Table 1 shows the accuracy of the
various methods for determining the cross-section area of & stack by
same of the rules mentioned. The percentage range of accuracy by
erch of the methods is very wide. The accuracy of these rules was
obtained by using the actual cross-section aresa of the stack as 100,
and the results obtained by the various rules were expressed as per-
centages of this base. In all these rules W is a symbol for width, O
for over, H for height, L for length, and F for a vartable factor, de-
pending on the size and shape of the stack.

TapLe 1.—Comparative accuracy of vules now in use: Number of stacks and per
cenlage of tolal falling into certatn percentage ranges for each of four rules as
oblained by compuiing the arce of the crass section by each rule and compuring
such areq with the aolual cross-seclion areq

. .
Stacks mensured and accuracy of measuremeants determined by the—

I'erventige Tonge | I T
(et il =100} ] Frs-t,L‘Bmhu“r}Jla : Qunrteémuia‘}er rale ! Outlg\l}r’ru]e Triangle rule
1 (Q.ﬂ_ _j.._ ? . }& VH"‘SB 1

! T2 1

i |
© Wumber | Per cent 3 Number - Fer cent

Yo to . ¥

a0 WY
100 to 14, 9.
105 to 10010
11010 1144,
1356 Lo 114w,

1 See toxt for derivation of S8,
Tueg Frye-Bauany RULE

(O—_QE)-E L, is mentioned

The Frye-Brubn rule, or rule of two,
several times in some of the older literature on the subject of measur-
ing hey in the stack. Spillman® says that this is & common rule for
determining the volume of a haystack. This rule is m common use
throuzhout all of the Western States where hay in rectangular stacks
is sold by measure. The theory upon which this rule was developed
was that the cross section of the stack could be reduced to a rectangle
by subtracting the width from the over and then dividing the result
by two to obiain the average height of the stack. The area of the

+ §piifman, W, J, Op, ¢it.
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cross section is then obtained by multiplying the width by this average
height, This rule is on the statute books of at least two States
(Montana and South Dakota) as the method for determining the vol-
ume of rectengular stacks, unless some other method of determining
volume has been agreed upon previously.

The check made of the Frye-Bruhn rule shows that 96 per cent of
the cases ranged between 80 and 95 per cent (Table 1) of the actual
area, but that in a few cases this rule gave less than 75 per cent of the
actual aren, and in only two cases did it give an area equal to or greater
than the actual area of the cross section. On an average this rule
gave ounly 86.06 per cent (Table 2) of the actual area, therefore it gave
a result that was about 14 per cent less than the actual area,

Tante 2—Average perceninge and averege deviation for the Frye-Bruhn, Quaricr-
muster, Gutleie, and Triangle rules as compared with the aetnal area

| ;
Frye-Bruhn i Quartermunster Outinw Triengle
i

Btale Dk . ) !
Avernge | I:e‘rﬂr:ﬁ“ Average i}e‘rgg;ﬁﬁ | Averuge ;:;rg::‘s: Average
:denuunn, e devintion nge deviation ae detintion

Averapge |
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AMinnesetu... . .. LA N T I 4T, a4, 46
Montann el G LE 0348 . A 34,20
Neveda_ ........ .- LR P o1l 4u g1, 02 K. 76, D
Oregon . . =+ 1fi. 45 : Uz, 41 . 8710
south Dakola,. . 3,10 0 =bBY Y . 52 8576 °
{4 771 : DR M 18,00 208 ) Ay

AN States. B0 AU T Ty
1 - . i i

THE QUARTERMASTER HRULE

The Quartermasterrule, (-Q .E—H— * L, known in some localities as the
Government rule, was probably developed by the Quartermaster
Department of the United States Army and was used by that depart-
ment for determining the volume of haystacks or ricks in the purchase
of forage for Army posts on the frontier many years ago befors the
department was able to purchase forage supplics by weight. This
rule is based on the theory that the area of the cross section of the
stack is equal to the area of the cross section of a square with sides
equal to one-fourth of the perimeter of the stack (over.plus width
divided by 4).

The check made of the Quartermaster 1rule shows that 83 per cent
of the cases ranged between 90 and 105 per cent (Table 1) of
the actual area. The fact that for some types of stacks this rule
gave less than 83 per cent of the actual area and for others gave over
125 per cent of the actual area, indicates that this rule gives very
macecurate results in some cases. On an average the Quartermaster
rule gave 96.19 per cent (Table 2) of the actual ares of the cross
zection of the stack.

THE OUTLAW RULE

Ed

The Qutlaw rule, -OTI{;L, (also called the New Mexico rule) has

been used for many ychrs. At one time it was on the statutes of the
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State of New Mexico as the legal method to be used for determining
the volums of rectangular haystacks. This rule is based on the theory
that the aren of the cross section of the stack is equal to one-half the
aree of the cross section of n triangle which has a base equal to the
width of the stack and an altitude equal to half the over of the stack.

"The chieck made on the Qutlaw rule shows that 79 per cent of the
cases ranged between 75 and 95 per cent (Table 1) of the actual
urea. The avernge percentage ol accuracy for this rule was 84.17
per cent. {Table 2.) This rule is the most inaccurate of all the
rules in use ak present and should never be used for determining the
volune ol a havstack.

THE FOWL RDLE

The " Fowl” rule, FOWL, was developed by the United States
Department of Aanu:ltmc and is a nmﬁlhcutlon of the Outlaw rule.
Instead of using u " constant factor of 0.25, as is done in the case of the
Outlaw rule, a varinble factor ranging from 0.25 to 0.37 was used.
The factor used depended wpon the size and fullness of the stack.
As an aid in defermining which factor to use, cross sections of nine
stacks of different shupes were illustrated, and the factor for each
shape was given.

The accurney of the FOWL rule ecould not be determined. An
attempt was made to divide the stacks into the nine types illustrated in
Circular 67,2 but many stacks were found that did not conform to
any of these nine {vpes; others that closely resembled some of the
types were of such shape that it was impossible te dectde which factor
should be vsed.  For this reason the accuracy on a percentage basis
was not caleulated. The value of the factor F was caleulated for
each stack and found fo vary from 0.19 to 0.38. The fact that 1t was
very difficult to classily the outline drawings nccording to the nine
shapes given in Cireular 87 indicated that it would be unwise to
recommend this method for use in determining the volume of hay
NLRERS,

HULES HEQUIRING HELGIT MEASUREMENT

Several ofther rules based on mathematieal formulas bave heen
suggested from time to time, but they have always heen so {_"Ol‘tlpll-
cated that they were impr acticable for use. Such formulas require
the use of u height measurement which is exttemely difficult to make.
-One of these formulas, the Triangle rule (3 WH+8B)L, was studied
to find what results were given i;v rules in which height was necessary.
By this rule the cross section aren of the stack is divided into three
tlmnu'ies and the areas of these are determined. The area of one
lenﬂ'le 15 nbtained by the formula, 3 WIZ.  The other two trisngles
are eq qual and the area is obtained by the formula 8B, In this formula

S= 0 3 2 and B= ¢ O — (% 8

The check made of the Triangle rule shows that 79 per eent of the
cases ranged between 90 and 100 per cent {Tnble 1) of the actual
wren. The av ernge percentage of aecurncy was $5.96 per cent (Table
2). ‘This rule is ‘the most accurate of any of the four rules studied
but e¢an not be recommended for popular use beenuse it is very
complicated to caleulate and becruse n height measurement Is
neceasmy, W hmh is dtﬂu u[t tu obtain wtt.h a¢ cmacy

!\It('n'm‘ L. 15, :uul BMLLMAN, WL Up eir. 4
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FORMULATION OF NEW RULES FOR DETERMINING CROSS.SECTION AREA

Consideration was given to a method for accurately determining the
area of the cross section of haystacks that would use only the two
most easily obtained measurements, namely, width and over. An
attempt was made, therefore, to find an aceurate expression of correla-
tion between the area of the cross section and these two measurements.
In the belief that there should be some definite correlation between
these three known factors, several differcat correlations were formu-
lated and studied. A correlation between the area and the over
divided by the width was tried. This study showed a fairly definite
average correlation, but several extremes of variation appeared, which
indicated that there was no dependable degrec of correlation. A
second study was made in which the area divided by the width, was
plotted against the over divided by the width. This correlation was
based upon the same theory as the Outlaw rule, and it was thought
that probably iactors could be determined which would give a higher
degree of accuracy than that obtained hy the constant factor 0.25.
Thzs plan gave a fairly definite avernge correlation, but, as in the first
cnse, wide extremes of variation appeared.

A third study was made in which the area divided by the square of
the width was plotted againsé the over divided by the width, thus
meking both linear values. This correlation was based upon the
same theory as the Frye-Bruhn rule, and it was believed that values
could be determined to take the place of the divisor 2 used in this rule
that would give more accurate results than the old rule. This method
gave a very definite correlation with no wide variations, and a pre-
himinary regression line was calculated on the data from each State.

The equations for these regression lines for each State were then
computed, using the formula:

y=na+bx
xy = gz - bx® >

‘The values of @ and b in the equation for the various States were as
follows:

California ne= —0.524, L= +40.540.
a= —0.566, b= +0.5714,
Minnesota .o oL ___ n= —{0.4371, 5= 4-0.51028.
Montana a= —0.4469, == +0.5192. -
Nevada u= —0.4895 b= 4 (.538.
OMegON. _ . e o e a= -—0.4618, h= -4-0.5333.
Bouth Dakota a= —0.4549, b= --0.5244.
a= —0.4818, b= 40.5340.
The values of « and b given above are similar for the States of
Montana, Minnesota, and South Dakota, where the low, round-topped
stacks (fig. 6) are the general type. The values of ¢ and b are similar
for the States of Nevada, Oregon, and Utah where the high, round-
topped stacks (fig. 7) are the usual type built. The values of ¢ and b
for Idaho are only tentative because only three stacks were used in
determining the equation of the regression line.
The values of # and b for the California stacks seemed to be dis-
tinctly different from those of other States. Most of the California
stacks were square and flat-topped. When the formula obtained
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from the date from & given State wes applied to determine the cross-
soction ares of the stacks measured in that State, some percentage

LR P

FicorE 6.—Low, round-topped stack of alialfa bay

varigtions of from 10 to 15 per cent were found. This indicated that
the formula for thet State did not give the correct value of the cross-

e can I
. gt e . - 2
B IR . el e e P

FiaUne 7,—THgh, ronad-topped stack of the type built in tho valleys of Utah, Nevada, and Idaho

section area for certain stacks in”the State. Upon examining the
cross-section drawings of these stacks it was observed that those that

40586—31——3
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had a large percentage of error were of different shape from those that
made up the bulk of the cases in that State.

In some eases there was a considerable differcnce between the values
for @ and b, as, for instance, in California and Montane, wheraas for
Montens and Minnesots there was no difference. Upon examining
the cross-section drawings for a number of these stacks, it was decided
to seperate the stacks into three groups (fig. 8), as follows: (1) Low,
round-topped stacks of the type built commonly in Montana and
Minnesota, or throughout the srea where the overshot stacker is the
usual type of stacker used, and which usually contein less than 10
tons of hay and often not over 5 tons; (2) high, round-topped stacks,
with high side walls and well-rounded tops to shed water, of the type
built in Utah, Neveda, Idaho, and Oregon, which usually contain 15
tons or more, and may in some cases contain 100 tons; and (3) square,
flat-topped stacks, of the type built in certain perts of Celifornia that
are not built primarily to shed water and are limited, therefore, to
areas of very low rainfall.

Scatter dingrams (fig 9) were then made in which each dot repre-
sented the relation between the ratio of over to width and the ratio

reer

FieunE 8.—Ontline drowings of hay stacks of different shapes

of ares of cross seclion to the square of the width for each individual
stack. It is evident from these dingrams that a very high degres of
correlation cxists between these two factors when the stacks are
separated into three groups according to their general shape. These
dingrams also show the regression lines, New values for ¢ and
b were then calculated using the same equation as given above and
the following formulas for determining the cross-section areas were
developed for the three different shapes of stacks:
Low, round-topped stacks of the Minnesota and Montans type,

(0.52X O)— (0.44 X WOW
High, round-topped stacks of the Utah and Nevada type,
(0.52X0)— (GA6 X W)W -
Square, flat-topped stacks of the California type,
(056 X 0)— (0.55 X W)W

The accuracy of these formulas is given in Table 3. This table
shows that by these formulas a cross-section area may be compuied
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-,
RELATION BETWEEN THE FATIQ OF“OVER'TOWIDTH" AND THE RATIO AREA OF THE
CROSS-SECTION'TO THE “SGUARE OF THE WIDTH"FOR THREE TYPES OF STACKS

AREA g
WiDTWY

e

W, RQUND-TORPED STACK
|0

.1+

10

80

50

H0

3

UARE, FLAT-TGPPED STACK

.
)Il-"!:“?w..

:?.A/ |

&0 [ w00 225 280 27 30
avin
wiDtH

Fioure 9.—This chart indicsted n very high dogree of corrolation befweon those bwo rolica, Trend

lines wuro fitted snd mathemation! formulns for determining the volome of vach of the threo types
of stacks wore dovoloped
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that is within 5 per cent of the actual cross-section area in practically
all cases. In all three types of stacks the formulas gave results that
were within 2 per cent of the actual cross-section area 63 to 67 times
out of each hundred. This is & much higher sccuracy than is
given by any of the rules in use at present for determining the volume,
es shown by Table 1. The average percentage and average devia-
tion for these formulas are given also in Table 4. This table shows
that all three formulas give an average percentage of a little over 100
per cent, and that the average deviation is less than 2 per cent for
ell three formulas,

TasLe 3.—Accuracy of the factor method: Number of stacks and percentage of tatal
Jalling inlo certain percenfage ranges for each of the thres types of siacks. The
cross-section aren of each steck was computed by the proper formula ond compared
with the actual cross-seciion areq i

Stacks measured and aeeuracy of mensuremeants
determingd for—

Percentuge range i '
(artual =100) Low, round- ' High, round- Square, flat-
toppad stacks 1 toppedl stecks tapped stacks
' {0.5240)— 0,52X.0)— 10.663¢0)—
L AXETIW | aexXPAW (055X YW
B O
i H ]
i Number : Per cend ; Number ll Per cent | Number * Par genl
03 to 02.0 ' 2 0.60
03 o 83.09. 1 30
04 to 04,0 4 i 1.21
95 1o 95 14 3.02
96 ta 06, 18 ; . 44
o7 to 0700 . X 27 B 15
UBta 98 ... ...l ! L : X 01 12
[ ; . . 5 14, 31
10040 100G e . i 4 1] 22,86
1I0lto 1008 .. ___..__... vel 3 L 43 12,98
102 te 102.9. i il 8.76
] 10 5.74
3 a1
3 LA
3 .0
3 100. 00

'TABLE 4.— Average percentage and average deviation for the formulas for reclangular
, stacks us compared with the aclual area

Avarage Average

Type of 'stack parcentage | deviation

=1, 08
100. 04 =11}
100, 02 +1. 62

Percent 1 Per cent
Low, round-toppad staeks.. 100,03 |
High, round-topped stecks_
Square, Nat-topped stacks..

These tables and charts show that the factor formulas constitute
much more accurate methods of determining the volume of rectangular
stacks than do any of the rules in use at present and are as easy to
unse.

VOLUME OF ROUND STACKS

STUDIES ON THE DETEEMINATION OF YOLUME

To determine the accuracy of the various methods for measuring
the volume of round stacks (figs. 10 and 11), some method of caleulat-
ing the actual volume of the round stacks had to be worked out.
Outline drawings of each round stack measured were made on the
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reverse side of the date sheet. These drawings were checked by
using the road tracer to measure the over of the outline drawing and
thereby to ascertein whether the over of the drawing checked with
the actual over of the stack measured in the field.

These measurements were checked again by the author when the
data sheets were received for tabulation, and a correction factor was
determined for esch stack if the over of the outline drawing was not
the snme as the over obteined in the field. This correction factor was
obtained by dividing the cube of the actual over by the sube of the
over of the outline drawing.

The volume of a stack having a central-veritical-section figure
similar to the drawing on the reverse side of the data shee$ for that
stack was then mul tipﬁied by this correction facior, and the result was
used as the actual volume of the round stack. The correction formuia

may be represented as follows: V =g%V;. In this formula ¥ equals

1

actual volume of the stack; V; equals the velume of & figure having a
central vertical section
similar te the outline
drawing; O equals the
over as measured in the
field; snd O, the over of
the outline drawing.

Determination of the
volume of round stacks
presented some difficult
problems, and the meth-
od that was used in this
study may not give exact
results, but it is the best
that could be devised
from the data that were
vbtained in  the field.
The field agents made’
outling drawings of each e
s!.ack measured. These Figure 10.~Small ruungniltzi\clkmr;:cgfuty;m buiit in Nebrasku
outline drawings showed
the general contour and shape of the stack and were sssumed to
represent a vertical section taken through the center of the stack.
The diameters of these outline drawings were measured at 1-foot
intervals, and the volume of each of these frustums was determined.
The sum of the volumes of the frustums gave the volume of a figure
with a vertical section similar to the outline drawing. If the stack
was pesaked, the top part was considered as & cone instead of a frustum.
The actual volume of the stack was then obtained by using the correc-
tion factor discussed above for that particular stack. This corrected
volume was used &s the basis for all future calculations.

STUDIES OF THE ACCURACY OF OLD YOLUME RULES FOR ROUND STACKS

The rules that have been used most commonly for determining the
volume of round stecks are the Quartermaster round-stack rule and
the so-called Prismoidal rule. These two rules are described and
discussed in the two paragraphs next succeeding. In the formulas
presented C'is used as & symbol for circumference, O for over, H for
height of frustum, and Zf, for height of part above frustum.
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GUARTERMASTER ROUND-STACK RULE

C

2

The Quartermaster round-stack rule, g) X 5 4 , 15 the most

comnion rile.in use at present for determining the volume of round
stacks. This rule, also known as the Government rule, hrs been
used in Nebraska for many years.” The rule is based on the theory
that the volume of a round stack is equal to the volume of a square
stack one side of which is equal to one-fourth of the circumference of

FIGUaE fl—~Large ronnd stack of the Nova Ia tyepe

the round stack, and whose average height 1s equal to one-haif of the
difference between the over and one-fourth of the circumference of the
round stack.

The volume of ench individual stack measured in the ficld was caleu-
lated by this rule. The accuracy of the rule was then ascertained by
using as a base the actual volume obtained by dividing the stack into
u series of frustums and caleulating an accuracy percentage for each
stack. Table 5 shows that 88 per cent of the cases fell between the
85 and 105 per cent range of accuraey, and Table 6 shows that this
rule on the average gives 95.25 per cent of the actual volume. This
table also gives the average deviation for this rule.
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PanLe 5.—Comparalive accnracy of rules for determining velume of round stacks:
Number of slacks and percentage of lotal falling inlo cerlain percenlage ranges for
each of three ruley as obluined by delermining the volume by each rule and comparing
guch voliwme with the actual velume

! Sincks mensored and accumey of measuremonts
t determined by the—
Prreentugs range

T Rt S

! Quartermaster rule ' Prismoidal sule Chart method

| Nuwrber - Percent Nhwber | Peroeant | Number | Per cent
ETIRIVIET IR [ . .16

datediy. . ..

Milo s L.

Hite SBO.. .. Lo

t0toDd. . ...

LS leann ...

7010 74D .

toTa..

Bt Md... L. D i . aeees
Bsto 80, ... .. L

hte I, . Lo
130 tg YH R

Hblg MR o Lo
Tisko N0 Lo Lol L0 LL L e
M 1SS 0
153 Lo l-'r!i.!;.
!

Totalee 0o e e | IS!]‘.’I 10Xk (K i 100, () I'rﬂ?i 1060, 00

'PabsLe G.—:leerage perceniage and average devialion for the Quarlermaster and
Prismoudal vules and the Chart method for vound slacks as compared with the
actual valune

. : Average Avernpe
Hule '-Iu:rvuninge-.‘ tevintion

Pereent | Percen
LTt T uk, 45 |
Prismoldal_. . . . ... . .. e i 4 e e memimmmeean s L 55
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PRISMOIDAL KULE

The rule given in Circular 67" which is referred to throughout this
publication as the Prismoidal rule was used also to determine the vol-
ume of each individual stack. The stacks were segregated into the
several types necessary to determine the volume according to the
diagram of shapes given in Circular 67, that is, cone shaped, hali-
sphere shaped, a shape intermediate between the cone and half-
sphere shape, and each of these three shapes superimposed on a eylin-
der or » frustuwn in those cases in which the stack had a lower part
with straight side walls, or the side walls had s distincet bulge. Some
difficulty was encountered in segregating the stacks into these types
because there were all gradations from the eone to the half sphere.

e MeCLory, I, 0, el Spneuan, W. I, Op. vit,
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The accuracy of this rule was calculated in the same way as for
the Quartermaster rule. Table 5 shows that this rule gives a very
wide range of accurncy, varying from less than 50 per cent to as hig:
as 175 per cent of the actusl volume, and only 35 per cent of the cases
fell within 10 per cent of the actual volume. Table 6 shows that on
the average this rule gives 91.55 per cent of the actual volume. This
table also gives the average deviation for this rule.

FORMULATION OF MEW RULE FOR DETERMINING VOLUME OF ROUND STACKS -

Much thought was given to the development of a rule or formula
that would give satisfactory results for determining the volume of
round stacks. If wav recognized that farmers can obtein only two
measurements with any degree of accuracy, namely, circumference
at the base of the stack and over, and that « formula should be based,
therefore, on these fwo measurements. In these investigations the
over was taken twice, usually at right angles to each other, and the
average was used as the actual over. The height of each stack was
measured for this study but as considerable difficulty was encountered,
it was concluded that height was not a practieal measurement for
use in determining volume.

A number of correlations were studied. The principal ones were:
(1) Correlation bhelween the volume divided by circumference and
over multiplied by circuinference, (2) correlation between the volume
divided by circumference squared and the over, and (3) correlation
between the volume divided by circumference cubed and over
divided by circumference. The Iast correlation gave results that
were prastically as good as any method that was tried.  The formulsa
developed  from this correlation is: V={0.04 X - (8.012 ¥ (HO-
Various attempts were made to separate the stacks into groups that
would give correlations more accurate than the average one, but none
gave better results. This rule is based on the same theory as the
Quartermaster rule, but the factors have been corrected so that the
average percentage will be 100 per cent rather than 96 per cent. A
logarithmic method was tried using the equation log V=log a+
log C+e log O, in which ¥ is volume, @, b, and ¢ are undetermined
constants, (' the cireumlerence, and O the over. The above equation
is merely the logarithmic form of the equation V=403, This
method did not give results that eould be used.

It was finally decided to try a graphic method for determining the
volume. In this method the stacks were divided into groups according
to given circumferences; that is, all stacks with 60 feet circuniference
were put together, those with 61 feet circumference, cte.  The volume
was then plotted against theovers for agiven circumference, and prelimi-
nury trend lines were drawn.  Readings for volume by circumference
were then made on these trend lines and recorded for givenovers, The
volume was then plotted against the circumforence for the individual
over readings, and the final trend lines were drawn. From the last
chart Table 7 was'made. On this table the vertical axis was marked
with the circumference and the horizontal axis with the over, the vol-
ume for & given circumference and ovar was read on the trend chart
and recorded on the table where these two axes crossed. This table
was made to cover stacks with circurnferences ranging from 45 to 98
feet, and overs ranging from 25 to 50 feet. '
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The necuracy of this method was then calculated in the same way
as for the Quartermaster rule; although it gives some variation, the
results were more accurate than any of the other methods. Ninety-
two per cent of the cases fell within 10 per cent of the actual volume,
as shown by Table 5. Table 6 shows that on the average this method
gives 100.03 per cent of the actual volume. 'This table also gives the
average deviation.




TaBLE 7.—Volume of round stacks* of specified dimensions
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1 'Phe volume of stacks. that have cireumferences or overs greater or less than those given in the table can bé determined by using the formula, V=(0.04X 0)—(0.012XC) C

2 Volumes given to the nearest 3.
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BETERMINATION OF CUBIC FEET REQUIRED FOR A TON
STACKS OF VARIOUS KINDS SEGREGATED

The stacks for which weights were obtained were divided into a
number of groups for the purpose of tabulating the number of cubic
feet per ton. First they were segregated as to the kind of hay, such
as alfalfa, timothy, and prairie. Tn those cases in which the hay was
a mixture of several kinds it was grouped according to the kind of hay
that predominated in the mixture. The stacks were divided into the
following groups: Alfalfa, prairie, timothy and timethy mixtures,
grass hay, and tame oat hay.

The timothy mixtures were mixtures of timothy and clover and
timothy and wild grassss. The last-named mixtures were common in
certnin areas of Nebraska, Montens, and Minnesote where cultivated
grasses, such as timothy and redtop, are sown in the native meadows
to increase the yield and quality of the hay harvested. These culti-
vated grasses thrive only in those parts of the native meadows where
there is plen'y of moisture.

The grass hay was of two kinds: That produced in Celifornis which
consisted mainly of wild oats, cheat, and bur clover; and that pro-
duced in South Dakota which was chiefly awnless bromegrass.

The stacks were divided also into groups according to the number
of days from the time of stacking to the time of messuring. Many
of the stacks were measured more than onee, snd therefore were
placed in several groups according to the length of time in the stack.
At first the stacks were divided into 5-day intervals, but these were
later grouped into the following groups: 3¢ days and less, 35 to 60
days, 65 to 90 days, 95 to 120 days, ete.

METHOD OF RETERMINING YOLUME PER TON

For the purpose of determining the number of cubic feet per ton
the volume of each staclk was calculated by the formuls applicable.
For the low, round-topped stacks the rule (0.52X 0)— (044 X WYWL
was used; for the high, round-topped stacks the rule (0.52X0)—
(0.46 X W)HIWE was used; for the square, flat-topped stacks the rule
(0.66 X 0)— (0.55 X WYWL was used; and for tﬁa round stacks the
velume was obtained from Table 7, which gives the volume for the
various circumferences and overs.

The volume, as determined by these methods, was used in prefer-
ence to the uctual volume of rectangular stacks, as obtained by
measuring the area of the cross section and multiplying it Ef the
length of the stack, or of the round stacks, as obtained by caleulating
the volume ol the 1-foot frustums, because there weva meny stacks
for which cross-section dvawings were not available upon which to base
the actual volume, end thus the volume had to be fizured from
messurements only. The stacks that were messured at the Eastern
Oregon Branch Experiment Station prior to 1927, and those measured
ab tghe Colorado Agricultural College had to be computed in this
manner. Had the actual voluine been used, a large group of valuable
data could not have been used, or if used, would not be entirely com-
parable with the other data. Moreover, it seemed preferable to use
the formulas for determining volume because the number of cubic feet
per ton would then be based on the same method by which the volume
wméldlbe determined in a practical application of the results of this
study.




DETERMINING THE VOLUME AND TONNAGE OF HAYSBTACKS 29

CUBIC FEET PERR TON

The volume of ench stack was then divided by the number of tons
by weight to determine the cubic feet required for & ton of hay.
These computations guve a wide range of results, indicating that
there was a large variation in the density of the hay in the stacks,
Table 8 shows the average nuinber of cubic feet required for a ton of
the various kinds of hay and the maximum and minimum number of
cubic feet found in each group.

‘Lanue 8—Nuniber af cubic fecl per lon af principal kinds of hay in stuck standing
paripus periods

ALFALFA

. Volume per ton at tine of

Measure- measurament
Pertod slapsed prior to measursment, doys mints . e .l
taken

]
Average  Marfuum I Minimum

e e e e - . R [
Nusiber Cubie feet © Cubic feet | Cubic feet
A0 und less ! 204 483 1 24

45 10 .. 419 453
05 to 00 450
95 to 120, 42
125 to 150 471
153 ta 180 470
185 to 210 431
215 to 2 . 41
246 1o TP0 . : 651
75 to 300 : : : s
495 to 120 314
125 to 150, 513
435 to 480 150
1485 to 516 : 538

Table 9 shows by States the average number of cubie feet required
for a ton of the various kinds of hay, as well as the maximum and
minimum number of cubic feet. These figures indicate that differ-
ences in type of stack, method of stacking, and size of stack do not
cause significant differences in the number of cubic feet required for,
s ton,
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Tantk L Number of vubiv feel per ton for different inds of hay fn stack standing
rarious periods, by Stofes
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Tanve M-« Number of cubic feet per ton for different kinds of hay in sinek standing
parious periods, by Stetes -Continued

CLOVEILHAY
- . . e e ——
. Volume per ton ot time of
i Mensure- measurenenl
Stute and period clupsed prior to messurament, days | Ingnts
tnken
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Tarth Do--—Nwmbher af culsic feet per ton for diffevent kinds of hay in siack standing
merioirs periods, by States—Continnerd

WILD IIAY

Volume por ton st time of
Mensnre- Hnrensuroment
State and period elnpsed prior to measyrement, days m?LnLS i e — ——
taken | : ]
Averago ;Mn:imum{ Ainimam
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98RO V20l 17 ; 458 584 392
BB Lo 2. e u, Eiilt] 510 28
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Wito i . . 40 428 522 326
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156 to 180 59 30 515 302
185 Lo 290 a——— 22 47 518 . 47
L 1 1% 4u8 478 - 318

The variation in the figures on the cubic feet per ton for the various
kinds of hey shows the reason for the difference of opinion that has
existed as to the number of cubic feet required for & ton. The hay
dealers and stocknmen have realized that there was considerable vari-
ation in density, even if they have had no accurate data to prove this
idea. These average figures show that the 512 cubic feet per ton for
alfalfa at the end of 30 days’ settling, in use iz many sections now, is
fairly aceurate. Teble § shows also that stacks do not settle mueh
alter 30 days, and that the old figure of 422 cubie feet after 90 days’
settling is too low. These figures show further that more cubic feet
per ton are required for prairie hay than for alfalfa hay insteed of less,
ns was generally supposed, and that the figures of 422 cubie feet per
ton after 30 days’ settling, and 343 cubic feet per ton after 90 days’
settling, are entirely toc low for prairie hay.

YARIATIONS IN DENSITY

A number of studies were carried on to find the reason for these
varietions in density, but the data obtained were not sufficiently
comprehensive to provide a satisfactory explanation. Data obtained
in Montana' on stacks in various parts of the Siate showed that
there was considerabie variation in the density of the hay., Samples
(approximately 5 cubic feet in ench instance) were taken from various
parts of these stacks and weighed. (Fig. 12.) These samples were
obtained by forcing the prongs of the hey sampler shown in Figure
13 into the hay and then cutting around the sample with & hay
knife. When the sample had been cut loose on all sides, it was
lifted cut onto a canvas and weighed. (Fig. 14.) DBy this method a
sample of hay was obtained that gave the approximate density of the

H Thean Jabe were coltogted by T1. B, Muordoelk, of the Montann Agricuitural Experlment Station. The
satnpling device wns davised by Alr. Murdoek.
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hay ot that point in the stack. By taking several samples in various
parts of the stack, the approximate average density was ascertained.
Samples taken from the same general location in different stacks
varied as nuch as 10 pounds, avhich was about & 50 per cent variation.
This sampling method indicates that the variations in density, shown
in Tables 8 and 9, are not due fo errors in the weights given for the
individual stacks, but to some undetermined cause.

Several theories as to the reason for these variations in the density
of stacked hay have been presented, but no data to prove or disprove
these theories have been collected.  The theory that the moisture at
time of stacking is an Important factor in the density of the hay has
much to recemmend it. Hay with 20 to 25 per cent moisture at time
of stacking is mare pliable wnd is hesvier per cubie foot than hay with

. ,w;"w.-u-»
s .

FiGURE 12.—Stack of hay that bns been sampled for density., Samples were taken at various
dapths to determine the voration in density of the ey ot different points and to determineg
the averapa density of tho stack

only 12 per cent moisture, and therefore would settle more and become
more compact, Observations made by the writer in the various hey-
producing areas tend to support this theory. It is much easier to
force the hand or & rod into & stack of hay made from overcured hay,
especially alfalfs, than it is to force the hend or rod into a stack of
hay that was stacked before the hay became overdry. The Montana
date support this theory, because in seversl instances the hay was
reported to have been stack sweated when the sample taken from the
stack was much heavier than the average for the group of stecks
sampled. Moreover, in several instances in which the sample taken
was exceptionally light, it was noted that the hay was very dry and
Hufly at the time of sampling.

Another factor that may mfluence density is the coarsness or fine-
ness of the hay, or the quantity of haerd, woody stems that do not
collapse when weight is a_%ded. Hay that is overripe or that contains




34 'TECHNICAL BULLETIN 23%, U. S. DEPI. OF AGRICULTURE

large quantities of harsh and woody weeds probably does not settle
so much as hay that has pliable stems or that is free of foreign material.
Other factors may affect,
the density of hay in the
stacl, but the ones men-
tioned are probably the
meost 1mportant.

NEED FOR ADDITIONAL
RESEARCH

A determination of
the reasons for the vari-
ation in the number of
cubic feet of hay re-
gu&red for adt.on under

s mae 17 T — . different conditions is a
i thasinat LD ey Onk sy ot arenithe farmoto s problem that should
gt‘x?r?it“;frr:r!’zfg?;{::iwt’h:t;f:zlrlt[ﬂﬁ l?fl:.:(ikt:‘tiE‘.enix::‘tihg‘gir;ggdlmdcr the receive addi tional Stlldy-
Because of the condi-

tions under which much hay is fed in many sections, it will continue to be
sold by measure even if the interested parties realize that thereis a large
variation in the number of cubic feet required for a ton, and that this
variation can not be measured in a practical way under existing rules.

Additional research should be carried on, therefore, in & few well-
chosen localities where the various factors that influence the density of
the hay can be measured and —
observations made which will
explain the variations in density.
Special attention should be given
to t..e following factors: Percent-
age of moisture in the hay at the
time of storing: texture and ma-
turity of the hay; leafiness of the
hay 1n the case of alfalfa and
clover; and rate of settling dur-
ing the first 30 days.

A series of stacks were meas-
ured in California in 1928 to
determine rate of settling, but
because no common first meas-
urement was given these data
could not be tabulated.

Methods should be investi-
gated for determining the den-
sity of stacks, either by taking
samples from a definite place in
the stack and then determining the average density of the stack from
the sample, or by developing an instrument by means of which the
density can be measured by the degree of resistance encountered upon
thrusting the instrument into the stack.

It is only by stich research that the reasoms for the variation in
density and shrinkage of hay in the stack can be found, that the num-
ber of cubic feet required for & ton under various conditions can be
determined, and that satisfactory methods of selling hay by measure
can be recommended.
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SUMMARY

Much hay is sold annually by measure, especially in the Western
States. Accurate rules for determining the volume of rectangular
and round stacks and nccuraie information relative to the number of
cubic feet necessary for a ton should be available.

The rules for determining volume of rectangular stacks in use at
present are not very aceurate. On an average the Frye-Bruhn rule
gives only 86 per cent of the netual volume, the Quartermaster rule
06 per ceut of the actual volume, and the Qutlaw rule 84 per cent of
the setual volume.  All three of these rules have s wide range of
ervor, in some cases giving only 70 per cent of the actual volume, and
in others 130 per cent.

The formulas recommended in this bulletin are as easy to apply
as any of the above-mentioned rules and give results that are much
mare geeurate than any of the old rules,

The formulas recommended for determining the volunte of rectangu-
lur stacks sre as follows:

For low, round-topped stacks (0.52X0) — (144 X W) WL

For high, round-topped stacks (0.52 X )~ (0.46 X W)WL

For square, fint-topped stacks (0.56 X 0) — (0.5 X W)YWL

The rules for determining volume of round stacks in use at present
are not very accurate. On the average the Quartermaster rule gives
only 95 per cent, and the Prismoidal rule only 92 per cent, of the
actual volume.

The volume of & round stack of a given eircumference and over
can be determined readily from Table 7. The volume obtained from
this table is more accurate than that cbtained from either of the above-
mentioned rules. Should the circumference or over be greater or
less than those given in the table the volume of the stack can be deter-
mined by using the following formnula V= (0.04 X 0} — (8.012 X O)C~
This formula will give results that ave as accurate as those obtained
from Table 7.

If the hey can not be weighed, or the density determined, the
cubie feet per ton which may be used with fairly satisfactory results
with hay 30 to 90 days in the stack are 485 for alfalfa, 640 for timothy
and timethy mixed, and 600 for wild hay, and for hay more than 90
days in the stack, 470 for alfalfa, 625 for timothy and timothy mixed,
and 450 for wild hay. These figures, when used with the rules for
determining volume given above, will give more accurate results than
can be obtained from the figures for cubic feet per ton now in use
when employed with present volume rules.
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tion.
J. W. T. Duvey, Chief.
Wanrer G. Canmrerny, Dircctor of
Regulatory Werk, in Charge.
Cflice of Experiment Stations ———, Chief.
Office of Cooperalive Extension Work C. B. Smitu, Chief.
Library Coamnen R, Barwerr, Librovian.

This bulletin is n contribution from

Burenu of Agricultural Econemics Nits A. Ousew, Chief.
Division of Hay, Feed, and Seed ~- W. A, WaEELER, Principal Markel-
ing Specialist, in Charge.
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