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Potats Storaged
for Michigan

By Alfred D. Edgar, C. H. Jefferson and E. J. Wheeler
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Perspective of a practical potato storage. For construction details, sce pages 29-31 of this bulletin.
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NEED FOR ADEQUATE STORAGE

Michigan produces from 20,000,000 to 25,000,000 bushels of potatoes
annually from about 250,000 acres. Potatoes are grown in every county
i Michigan, varying from approximately 9,000 bushels in Keweenaw
county to 2,750,000 bushels in Montcalm county. The average potato
grower harvests annually 500 to 1,000 bushels from 3 to 5 acres, but
some growers harvest and store from 30,000 to 40,000 bushels cach year.

Present practice is to harvest the potatoes in late September in the
northern counties and in carly October in the southern counties. About
one-third of the crop is sold to truckers at harvest time; one-third is
stored 1 nearby commercial or cooperative warehouses and one-third
is stored on farms. Potatoes stored on farms are marketed throughout
the storage scason, starting soon after harvest and continuing until
March or April.

Growers often prefer storing potatoes on the farm because they
can use their own judgment as to methods of handling, storing, and
marketing. Because of improved roads and transportation, the farm
is no longer isolated during the winter and a grower can meet market
demands. In many instances, truckers buy direct from the farm, thus
relieving the grower of the responsibility of transportation.

There 1s need for improved warehouses and more adequate farm
storage facilities in Michigan to supplement present cooperative and
commercial warchouses and farm storages.

Present cooperative and commercial warchouses provide storage for
small lots of potatoes from many farms in one large building under
one trained manager. This arrangement makes possible carlot ship-
ments at any time and has been of definite advantage to the small
grower. Disadvantages of the warchouse storage system are that it
requires extra transportation and handling during the harvest season
with an attendant increase in serious damage to potatoes.

[Farm pit storage is on the decline, since winter shipment from such
pits is often unsafe and frequently incurs large losses owing to un-
favorable storage scasons or faulty pit construction. Storage in dwell-

FAppreciation is expressed for the cooperation and assistance in carrying for-
ward this investigation to A. M. Berridge of the lLake City Experimental Potato
Farm; to S. J. Dennis of the United States Burcau of Agricultural Chemistry and
Engincering; and to the many warchousemen in whose storages the data were
obtained.
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ing basements may be satisfactory for small lots for short periods,
but heavy losses occur, owing to the difficulty of handling potatoes to
and from the basement and the high temperature and low humidity
of basements. Storage in barn basements can be satisfactory where
the storage space is properly insulated and ventilated, as has been
done at the IExperimental Potato Farm at lake City. Many farms,
however, do not have satisfactory and adequate space of this kind.
Special storage buildings on the farm are increasing because they can
be made to meet the requirements better than any other type. The
disadvantage of such storage is that the smaller sizes are relatively
high in cost per unit of space.

PURPOSE OF BULLETIN

The purpose of this bulletin is: (1) to discuss the various factors
that cause losses of potatoes in storage; (2) to present plans for new
storage buildings; (3) to make suggestions for remodeling old storages
to meet requirements of Michigan potato growers; and (4) to propose
improvements in storage house control and management.

COOPERATION

[nformation in this bulletin was obtained and is presented through
the cooperation of the Burcaus of Agricultural Chemistry and lngi-
neering and Plant Industry of the United States Department of Agri-
culture and the Sections of Agricultural IEngineering and Farm Crops
of the Michigan Agricultural IExperiment Station. Managers of co-
operative warchouses and owners of several farm storages gave assist-
ance in carrying on the investigations.

WHAT WAS DONE

Visits were made to many cooperative or commercial warchouses
and to farm storages to determine the general character of present
storages, the amount of potato shrinkage during storage, and, if pos-
sible, what part of the loss in marketable potatoes is due to mechanical
injury. During the storage scasons 1937-39, detailed observations were
made in two storages to determine: (1) the shrinkage during storage
under common and under improved storage conditions, and (2) the
loss due to mechanical injury under common and improved handling
methods.

STORAGE COMPARISON

[n Fig. 1, warchouse A is a common type of cooperative or com-
mercial warchouse which has mechanical equipment for the rapid
handling of small lots of potatoes from many growers. The ceiling
and walls of the first floor space are poorly insulated, but potato freez-
ing is prevented by artificial heat and by the wide aisle between the
outside wall and the hins. Remodeled barn storage B (in IFig. 1) has
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Fig. 1. Storages used in cxperimental work during 1937-39. Warchouse A—a co-
operative trackside storage, designed for rapid mechanical handling; B—remodeled barn

storage at Lake City Experimental Potato Farm. The latter provided satisfactory stor-
age space i barn basement.

no mechanical handling cquipment but is well insulated and has eco-
nomical and practical provisions for ventilation and air circulation.
Records were kept of potato weights into and from storage and the
temperature and humidity during the 20 weeks

ks of the storage period.
These data have been tabulated in Table 1.
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The result obtained in the two storages is indicated by the potato
shrinkage. The Jower shrinkage rate in house B as compared with
that in A may be due to the higher temperature during the first two
weeks and higher relative humidity for the whole period in B. The
higher temperature during the first two weeks in B was obtained by
restricting ventilation while storage A was ventilated continuously.
The higher temperature and humidity for the whole period in B was
due to less ventilation and better insulation.

Owing to relatively poor construction, house A was frequently
heated to maintain an average temperature of 41° F., and condensa-
tion on the poorly msul(ltc(l ceiling helped reduce the humidity to
79 per cent. In house B which had better insulation, no heat was
needed but considerable ventilation maintained the humidity at 80
per cent, and moisture seldom formed on the ceiling.

MECHANICAL INJURY COMPARISON

A test was made to determine the loss caused by grading. Three
varietics, a lot cach of the Russet Rurals, Katahdins, and Chippc\\':l\'
were harvested and stored field-run, in picking boxes at the Lake City
[Experimental Potato Farm. When these potatoes had heen in storage
36 days, one-halfl of each lot was graded and returned to the boxes.
The remaining half of cach lot was not disturbed. At the end of the
storage 1)(11()(1 cach lot was graded, which means that one-half of
cach lot was graded twice (Fig. 2). There was 6 per cent more No. |
potatoes for sale at the end of the storage season from the lots of
potatoes graded only once than from those graded twice.

[Further observations upon the amount of mechanical injury were

POTATOES
PICKED v STORED
X ORDINARY " way

[lig. 3. Results of various handling methods wpon potato injury. Lots may be identi-
fied by indicated injury percentages: 3 per cent, picked and stored ficld-run in picking
box—one handling; 15 per cent, graded as picked into crates and stored in bulb—rtzvo
handlings; 20 per cent, picked into baskets, dwmped into crates, graded and stored in
bulk—four handlings; 35 per cent, handled as 20 per cent lot, but in addition, graded from
storage, shipped to market and delivered to retail store—sixv to ecight handlings. Note
that the amount of injury increases with the number of handlings.
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made upon potatoes handled and stored according to common methods
and those picked and stored field-run in picking boxes. For this pur-
pose one box of potatoes from house B was used for comparison with
other lots handled by three methods in common use. These four lots
are shown in Fig. 3 and may be identified by the percentage of mechan-
ical injury.

TEMPERATURE, HUMIDITY, AND OTHER
STORAGE REQUIREMENTS

A potato in storage is a living, breathing plant tissue. As it breathes,
carbon dioxide, moisture, and heat are given off. Little attention need
be given to the carbon dioxide, because storage construction is seldom
so tight that this gas accumulates in quantities, where it would either
be beneficial in retarding respiration and sprouting, or where greater
concentration would be detrimental in promoting blackheart. Evapora-
tion of moisture from potatoes reduces the quantity of potatoes for
sale. This factor requires attention in designing storages so that mois-
ture which condenses on the cold walls and ceiling will do no harm
to the building or potatoes.

Under storage conditions which prevailed during the experimental
work, storages cooled from an average of 52° to 44° F. and the rela-
tive humidity rose from an average of 78 to 83 per cent during the
first month of storage. During January the storage temperature aver-
aged 40° F. and the relative humidity averaged 90 per cent. From
those conditions the following heat and moisture calculations were
made :

From 400 bushels of potatoes stored at 52° and cooled to 44° F.,
during the first month of storage more than a barrel of water will
he given off by evaporation, and during January, when the tempera-
ture is about 40° F., about one-fifth as much water will be given off.
The heat of respiration of those 400 bushels of potatoes during the
first month of storage, will be equivalent to that available when 100
pounds of coal are burned, in the average storage stove, which is about
50 per cent efficient. The heat of respiration, during January, may
be from one-half to one-fifth as much as during the first month of
storage* Thus the heat of respiration of potatoes is readily available
in the fall when its disposal is a problem and is least available in Jan-
uary when it could be used to advantage.

In addition to the heat of respiration, potatoes contain a large
amount of field heat when stored, which must be removed in lowering
their temperature. To absorh the field heat of 400 bushels of potatoes
while their temperature is lowered from 52° to 44° F., during the first
month of storage, more than 1,000 pounds of ice would have to be
melted. The removal of both heat of respiration and field heat is
commonly obtained by ventilation and conduction through the storage

*Rose. Dean .. Wright, R. C., Whiteman, T. M., 1941. THE COMM ERCIAL
STORAGE OF FRUITS, VEGETABLES, AND FLORISTS STOCKS. U.S.D.A.
Agr. Cir. 278, 52 pp. and Smith, Ora. 1933. STUDIES OF POTATO STORAGE.
N.Y. (Cornell) Agr. Expt. Sta. Bul. 553, 65 pp. illus.
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walls and ceiling.  Additional heat which must be removed comes from
the carth through the storage floor and walls, or from the outside air
through the walls and the ceiling during warm weather.

The principal potato storage requirements are for control of tem-
perature and humidity within a narrow range for a period often as
long as eight months, during which time there is a wide range of out-
side temperature and humidity. In addition, the storage should pro-
tect the potatoes from (1) moisture, (2) sun or artificial light, and
(3) mechanical injury.

TEMPERATURE REQUIREMENT

In discussing storage temperatures, the whole storage period should
be divided into three parts, (1) the curing period; (2) the holding
period; and (3) the warming-up period. Iach part is discussed sep-
arately in the following paragraphs.

CURING PERIOD—Stored potatoes are subject to infection from
adjoining potatoes. There is less infection through unbroken skin than
through freshly bruised or injured potato skin. If potatoes are held
for two weeks at 60 F. temperature and 90 per cent relative humidity,
the injured arcas of the potatoes heal over by the formation of a corky
layer which reduces danger of infection. Potatoes cure more slowly
under lower temperatures and humidities, which permit the spread of
infection.

A curing-period temperature of 00° F. is usually easy to maintain
by restricting the ventilation, but when several weeks are required
to fill large storages it is better not to cure all of the potatoes because
the first potatoes stored should not be held too long at 60° I,

HOLDING PERIOD—In general, storage temperatures of 507 I,
or higher result in high quality of table stock, but potatoes can be
stored for only 12 or 14 weeks at this temperature without excessive
shrinkage and early sprouting. Prolonged storage at temperatures
below 40% F. increases the sugar content, makes the potatoes soggy
for table stock, but does retard sprouting. A temperature of approxi-
mately 40% F., however, has been found to be a most desirable com-
promise for long storage periods because at this temperature the
shrinkage is very small, the cooking quality is fair, sprouting is re-
tarded, and the potato will germinate satisfactorily when planted in
warm soil. While the quality of potatoes decreases rapidly at temper-
atures below 407 IF., the tubers do not freeze until 28° K. is reached.
Freezing may cause large losses because every frosted potato in bulk
storage may cause discoloration or rot of a peck to 10 hushels of
adjoining potatoes.

Lowering of the potato temperature from 60° to 50° K., following
curing is usually brought about without much attention, but lowering
from 607 to 40° F. within six to eight weeks after curing requires
much attention to ventilation because the outside temperature may
average above 407 IY. for most of this period. Artificial heat may he
required to maintain a temperature of 40° I©. in the coldest part of
the winter.
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WARMING PERIOD—During the last two weeks of storage, it is
desirable to raise the potato storage temperature to about 507 F. to
reduce injury during grading.

The warming of a bin from 40° to 50° IF. during the last two weeks
of storage 1s often a problem because adjoining bins may be intended
for continuous storage at 40° F. Heating may be done by forcing
warm air into floor flues or by using fans during grading to force warm
air over the top of the inclined pile of potatoes as they roll down in
the open bin.

HUMIDITY REQUIREMENT

High humidity in potato storages is desirable to reduce shrinkage.
Iigh humidity tends however to cause ceiling condensation and subse-
quent dripping of water on the potatoes, which is undesirable. A
relative humidity of 85 per cent is recommended. This relative humidity
is high enough to retard shrinkage and low enough, under average
atmospheric conditions, to prevent formation of free moisture on the
surface of the potatoes. Ifven at this relative humidity it may be diffi-
cult to prevent condensation of moisture upon the walls and ceiling.
[t has been customary to remove this condensation by ventilation.

The disadvantages of using ventilation for cooling are that the
ventilating air also removes moisture from the storage, and that the
removal of this moisture lowers the storage humidity. Some moisture
15 also removed from the storage air by condensation upon the cold
walls and ceiling surfaces. The moisture condensed on walls may be
drained away without harming potatoes. Condensation and evapora-
tion are becoming increasingly recognized as factors of humidity regu-
lation since these go on without attention of the storage operator.

OTHER STORAGE FACTORS

DISEASIE—The late blight epidemic of the past few years has be-
come a serious problem in potato storage. The blight organism is
active when the potatoes are wet and the storage temperature is
above 40 IF. Under those conditions a wet rot develops and juice
from the infected tubers spreads to uninfected tubers, carrying the
blight organism with it. In this manner an entire bin of potatoes may
be lost from blight rot.

Iixperience has demonstrated that a cool, well-ventilated storage
will minimize the loss from late blight rot. Proper ventilation retards
the spread of the disease by rapidly drying the potatoes and the low
temperature keeps the blight organism in a dormant condition. The
prolonged ventilation desirable for controlling late blight will result
in higher shrinkage losses which would not be a factor in storing
sound potatoes. Other soft rot organisms are also controlled by keep-
ing the potatoes dry and cool. The potatoes shown in Fig. 7 are in
excellent condition for storage because they are clean, dry and free
from disease.

VARIETY OF POTATOILS—Some potatoes have tougher skins
than others, and are less subject to injury than thin-skinned varieties.
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Others are more subject to bruising because of their tendency to form
knobs.  Varicty also imfluences the rest and dormant period. For
example, the dormant period for Russet Rural is longer than that for
the Chippewa.

Some varieties seem to be more subject to freezing injury. In one
storage where the temperature fell below freezing several times dur-
g the storage scason, most of the tubers of the Chippewa variety
showed frost imjury, 20 per cent of the Katahdins were affected, and
none of the Russet Rurals was affected.

STATIC OF MATURITY--Mature potatoes are less subject to in-
jury and will keep better than those not fully ripe, although they may
start sprouting from one to ecight weeks carlier than immature pota-
toes stored under the same conditions.®

STORAGE PERTOD-—It is obvious that the longer the storage
period, the greater the shrinkage loss, but potatoes may be kept in
good condition under a storage temperature of 40° F. and relative
humidity of 85 per cent for at least 180 days without sprouting or
undue shrinkage.

STORAGE HOUSE DESIGN AND MANAGEMENT

TEMPERATURE AND HUMIDITY

Regulation of storage temperature without regard to its effect upon
lumidity is often carried out in storages. But these factors are both
important and should be considered together as they influence both
the condition and the shrinkage of potatoes. Regulation of storage
temperature and humidity is dependent upon storage construction as
well as management. The effect of various construction features and
management practices in obtaining desirable storage conditions will
be discussed in the [ollowing paragraphs.

USIE OF INSULATION—IT insufficient insulation is used, so much
heat will be lost by conduction through the walls and ceiling, cven
in average winter weather, that the heat of the potatoes will have
to be supplemented by artificial heat from stoves to maintain a desir-
able temperature. If too much insulation is used, the additional ven-
tilation required for temperature regulation will lower the humidity
and cause undue shrinkage. Thus, an attempt should be made to
insulate a storage sufficiently to give a balance between expected heat
production and loss for average conditions. Plans should be made
for heating during prolonged cold spells, or for ventilation during
unusually warm weather.

The amount of insulation used in a storage affects the humidity
within the building. In cold weather moisture will condense on poorly
insulated (and therefore cold) surfaces at relatively low interior humid-
ities. With increase in insulation the humidities in the building may
be higher before condensation occurs.

*Wright, R. C., Peachock, Walter M. Influence of Storage Temperatures on the
Rest Period and Dormancy of Potatoes, U.S.D.A, Tech, Bulletin 424, May 1934.
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The insulation values and the effect of insulation upon storage
humidity for average winter conditions is shown in Fig. 4. Note that
where the insulation value is high condensation is low, resulting in a
high storage humidity and a low potato shrinkage rate.

[nsulation is sometimes used in such a way that it absorbs con-
siderable moisture. While this regulates humidity to a certain extent
it is undesirable because moisture reduces the value of insulation.
IFor many years storage walls and ceilings have been insulated by
filling them with straw or sawdust with no protection from the mois-
ture inside the building. When so used, the insulation absorbs moisture
and loses its value quickly. Because of this loss of efficiency and the
decay of the insulating material, fill-type insulation was found un-
satisfactory until the practice of placing a vapor-retarding membrane
between the insulation and the storage air was developed. Even with
good construction, a good rule in applying insulation to a storage is
to make it more difficult for the moist air from the storage to reach
the insulation than for the dry air from outside to reach it. This can
be done by providing a vapor barrier on the inside surface of the
outside wall. The following discussion and T'Lblc 2 are taken from
“Condensation in Modern Bwldings” by 1. V. Teasdale, Senior Engineer
of the Forest Products [aboratory :

Tests have been made to determine the comparative vapor resistance of
various papers and wall materials used in building construction. Samples
were scealed in copper pans containing water and exposed in a room cantrolled
at 80° F. and 30 per cent relative humidity and weighed regularly for 90
days or more. The values obtained after the rate of loss became constant
were calculated on a basis of grains of moisture lost per square foot per hour.

Table 2. Comparative Resistance of Various Materials to Vapor Transmission.

Loss in Grains
Material per Sq. IFt,
per Hour

Toil surfaced reflective insulation (double faced). . ... ... ... .. .. .. .. .. .. .. .. . " 0.061— 0.093
Roll roofing—smooth surface—40 to 65 Ib. per roll 108 sq. [t . 003—  .123
Asphalt impregnated and surface coated sheathing paper glossy surfaced—

50 1b. 500 sq. foot roll o . .153— .555

35 1b. 500 sq. foot roll
Duplex or laminated papers 30-30-30.

.123— 1.480
S990— 1.850

Duplex or laminated papers 30-60-30. .370—  .617
Duplex papers reinforced . ... ... .. .493— 1.480
Duplex paper coated with metal oxides. .370— 930
Insulation backup paper, treated . . . .. 617— 2.462
Gypsum lath with aluminum foil bac 061— 277
Plaster—wood lath. .. T
Plaster—3 coats lead and oil 2.650— 2.
Plaster—3 coats flat wall paint .. ... .. 3.
Plaster—2 coats aluminum paint . . . .. .
Plaster—fiber board or gypsum lath . .. 14.20 —14.
SIAters LRIL: o i s s o ms om amps &m s m om 5iom 6086 F R E A0 8o 8 3.700—18.5
Plywood— 14" Douglas fir, soybean glue plain . .. 3.080— 4.6
2 coats asphalt paint. . ... ... .. ... . ... .. ... .308
2 coats aluminum paint..... .. ... .. . L ;
4" 5-ply Douglasfir.............. ... iiiiiiiinnnn. 1.920— 1,
V" 3-ply Douglas fir, art. resin glue......... ... . 3.080— 4.6
5-ply Douglas fir, art. resin glue. .. 5 1.975— 2.4
[nqul(m.mg lath and sheathing—board t vp( .................... 18.50 —24.
Insulating sheathing, surface coated..... .. ... .. ... 2.19 — 3.0
,l,’ compressed fiber board..... ... 3
1 msulatmg cork blocks. . .. . 4.
6" and 1" blanket insulation hetwe et 4T 1.380— 1.
4" Mineral WoOl—UNDEGLOCEOW, « 4 vus s 2505 v s 5555 ©15:8 5 55 6 5008 58w 5 8208 0600 i fiw a3 20
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Several different types of commercial insulation and native farm
materials may be used for insulation. The type of construction and
amount of insulation used will depend upon individual circumstances.
The important considerations are that adequate insulation be used to
protect the potatoes from frost during ordinary winter weather and
that the insulation be protected against moisture.

[ixperience has shown that potato storage houses in Michigan should
have about the amount of msulation indicated on the plans shown in
this bulletin.

A few wall sections are shown in [Fig. 5 that represent good prac-
tices in storage house construction.

Tl

1 d 3/4" Dror SiDING
MATCHED OHEATHING

| —H— 2°x4" STUDDING
CommERcIAL Fitl TYPE INSULATION
1 He—— MoisTURE-RESISTANT PAPER
|=—— MATCHED SHEATHING
1 l~—— MOISTURE-RESISTANT PAINT

R [ — %DQOP SiDING
e H— MATCHED SHEATHING
8 2"x 6" STUDDING

Dry WooD SHAVINGS

Moi s TURE- RESISTANT PAPER
le«—— MATCHED SHEATHING

= MOISTURE-RESISTANT PAINT

— A GLikzED T
—— 2"to 3 oF FiLL INSULATION

i

’D* — WaLL Tie
g,_._ 4" TiLe
L

e

CUoOogh,

Iig. 5. Some wall sections of potato storage houses.

IFor additional information on storage house insulation refer to “Insulation on
the Farm,” a report of the National Committee on Wood Utilization of the United
States Department of Commerce.
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PURPOSIE OF VENTILATION—Ventilation serves as the quickest
means of changing both temperature and humidity within a storage,
provided outdoor weather conditions permit. Ventilation is subject to
a wide range of regulation; it may vary from forced ventilation to
the smallest amount admitted through cracks. Night ventilation serves
to remove heat with a minimum of moisture. Night air, up to the
time dew forms, has the same absolute amount of moisture but less
Licat than day air. Therefore, night ventilation is more desirable in
the fall as it lowers the temperature and maintains high storage
humidity. Day ventilation may be more desirable in winter as it low-
ers the humidity and reduces ceiling condensation while maintaining
desirable temperature. During the winter months in well-designed
storages, usually little ventilation is required but may be needed during
unscasonably warm weather in winter, or in storages filled beyond
their normal capacity. In the spring months, night ventilation may
Le employed to keep the storage temperature below the outside aver-
age daily temperature. In general, it is advisable to take advantage
ol outside temperature and humidity below those inside the storage
for fall ventilation whether it be day or night.

NEED FOR AIR CIRCULATION—Adequate air circulation within
a storage is necessary to obtain reasonably uniform conditions in the
various parts of the house. Moving air is the principal means of carry-
ing heat and moisture between the cold and warm spaces and between
the wet and dry arcas. Storages should be designed so that there is
adequate space between the top of the bins and the ceiling to permit
free circulation of air. It is especially important that there be circula-
tion spaces between the stored potatoes and the exterior wall whether
it is above or below ground (Fig. 4). To make wall circulation effec-
tive, the wall circulation space should be open to the air above the
bins, and at the bottom it should connect with a horizontal flue ex-
tending entirely around the storage area and opening into the work alley
near the air-intake door (Ifig. 12). Air circulation in these spaces serves
to remove heat from both the outside wall and the potatoes, thus
permitting more rapid cooling to the desirable holding temperature.
In the winter the spaces serve to carry the heat from the center of
the house to the cold wall space and prevent freezing of potatoes
adjoining these walls. Moisture in the form of water vapor is also
conveyed back and forth between the storage interior and the air
space around the wall. Present information indicates that with well-
designed wall circulation, very little air movement through the mass
of potatoes is needed to maintain desirable temperature and humidity
conditions.

CONDENSING SURFACES—During the course of this and pre-
vious studies, it has been found that condensation of moisture upon
the inside walls of a potato storage may be used to advantage in
controlling humidity.*

Condensation occurs where there is a large difference between
the inside air temperature and the temperature of the inside surface

*Studies of Potato Storage Houses in Maine, by A. D. Edgar, May 1938. Tech.
Bul. 615, U. S. Dept. of Agr.
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of the outside walls. The inside surface of insulated walls will be
warmer than similar surfaces of uninsulated walls. Therefore, con-
densation will collect first on the colder, uninsulated surfaces.

When the outside temperature rises, the uninsulated surfaces will
become warm and some of the condensed moisture will he again evapo-
rated. Thus, a higher storage humidity will result than if ventilation
is used to remove moisture and prevent condensation throughout
the storage period.

This condensation factor can be used to control storage humidity
it some uninsulated sidewall arcas are provided. This has been done
in the plans shown in Figs. 12, 13 and 14 by leaving from 12 to 18 inches
of unisulated concrete wall. The rest of the wall is protected by
banking it with earth.

Condensation on these outside walls will not drip back onto the
potatoes as it would from condensation on the ceiling, and it does no
damage to the concrete wall. Furthermore, condensation on these
surfaces does not materially increase the loss of heat from a storage,
but the removal of moisture from a storage by ventilation results in
relatively large heat losses.

Another method of handling this problem of condensation would
be to increase the amount of insulation. The amount of insulation
required to prevent condensation on inside surfaces can be determined
if certain factors are known, as shown in Fig. 4. For ideal storage
conditions of 85-per cent relative humidity and 40° 7., condensation
can be prevented by adding approximately 4 inches of fill insulation
between the walls of standard frame construction if the outside mini-
mum temperature does not exceed 07 I,

IT the relative humidity increases to 95 per cent, as it frequently
does during the storage period, or if the outside temperature drops
below 07 IF, the increased amount of insulation required to prevent
condensation would appear prohibitive in cost.

Since previous discussion has shown that it is also impractical to
remove this condensed moisture by an exchange of air through the
building because of excess potato shrinkage, a desirable compromise
may be to provide adequate ceiling insulation to prevent condensation
under ordinary storage conditions, and to provide cold surface areas
where moisture may condense without damage and be re-absorbed
into the air after a “cold spell” to maintain humidity.

POTATO HANDLING

In the past some emphasis has been placed on methods of reduc-
ing handling injury in the field at harvest time, but too little attention
has been given to reducing injury in putting potatoes into and removing
them from storage. Storages should be designed with provisions for
handling potatoes quickly with least chances for mechanical injury.
The amount of mechanical injury sustained in digging, picking, grad-
ing or in transportation increases storage losses in several ways. Any
injury which breaks the potato skin permits greater evaporation of
moisture and results i excessive shrinkage. These injuries also permit
decay organisms to enter and are a means of spreading disease. Even
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though the injuries heal, scars are left that keep the potatoes from
selling as U. S. No. 1 grade.

FIELD TO STORAGIE-—The common method of harvesting in
Michigan is to pick potatoes from the row into picking baskets, dump
the baskets into crates, transport to storage and dump from crates into
bins. This requires three handlings from field to storage, in addition
to movement in transportation. Some growers have potatoes picked
directly into crates in the field, and in this manner one handling oper-
ation is climinated, making only two handlings from field to storage
bin. Another “two-handling” method that has proved very desirable
in some potato states is picking and storing field-run in the picking
boxes. This method was used in field tests at lLake City and is an
excellent way (Fig. 3) to eliminate injury and obtain a sclect grade
of potatoes, but cannot be generally recommended because of its cost.
[lnough boxes to fill a storage cost as much as the storage building,
and only 80 per cent as many potatoes can be stored when boxes are
used as when stored in bulk. However, some producers of sclect grade
potatoes are finding that the extra cost of box storage is justified.

Stirrups may
be made of 1, or %4
reinforcm_g rod

“

Fig. 6. Movable stirrups used for supporting walk planks in filling bins.
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FILLING BINS—In filling storage bins, the harvest time rush
results in considerable carelessness and injury to the potatoes stored.
Workmen often step on the pile of potatoes, throw crates upon the
pile in dumping them, and do other things that increase mechanical
injury. A good practice in filling storage bins is to keep the top of the
bin level by adding shallow layers of potatoes over the full width and
length of the bin. In dumping the crates, the workmen walk on planks
supported just over the potatoes by movable stirrups hooked over
girders or other supports (Fig. 6). Where potatoes must be dropped
(as through ceiling hatches) to the bottom of the bin, the twisted
sack chute secems most practical, although immature potatoes going
through such chutes are often seriously skinned by the rough sacking.

ELEVATORS AND CONVIEYORS-—In the present study, an ex-
perimental portable elevator and conveyor, shown in Fig. 7, has been
found to clevate from the floor to a height of approximately 8 feet
with a2 minimum of man labor and little damage to the potatoes. To
prevent dropping and rolling from the delivery end of the conveyor,
it should he moved for every few crates of potatoes handled.

BINS AND WORK ALLIEYS—Big crop years are usually big in-
jury years because potatoes are often forced into the tops of bins

Fig. 7. Portable elevator with 16-inch belt with which potatoes may be moved
horizontally or raised at an angle to the top of an 8-foot pile.
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Fig. 8. Celling hatches of storage cellar. Potatoes are often injured in filling stor-
ages through such hatches cven when sack or padded chutes are used. The accuwmulation
of a cone of dirt under the hatches is also undesirable.

against the ceiling with no allowance for circulation above the bin or
care to prevent injury in handling the potatoes. Such injury has been
most noticeable where bins are filled through small ceiling hatches in
which case the potatoes must he shoved back from under the hatch in
order to use all of the space (IFig. 8).

[t may be more desirable in the long run to be sure the storage
is large enough for all of the potatoes which may be expected during
large crop years.

Attention should he given to work alleys through which potatoes
are moved into storage and graded and removed [from storage. In
filling bins of 6 feet or greater depth, it is advantageous to have two
work-alley Tevels per bin. This permits filling from the lower level to
a depth of 3 or 4 feet, then filling the remainder of the bin from the
upper level. This reduces the amount of potato roll as the bins are
filled. FFor very large storages it is desirable to have the work alley
designed so that trucks or wagons may be driven or backed into the
storage and the potatoes loaded or unloaded directly from two levels.
For small storages a walk-way on the upper level is sufficient and «
concrete ailey on the Tower floor is desirable.

CONSTRUCTION FEATURES

Other features which should be given consideration in building a
storage, are economical use of materials, durability and safety.

ECONOMY—To be economical, a storage must meet the require-
ments as to insulation, design, and handling facilities, as discussed
previously. The square storage is more economical than a long narrow
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storage or one with shallow bins. Windows are an undesirable extrava-
gance in storages because they must be shuttered to exclude light dur-
ing the storage scacon. The use of local material is economical and
practical if attention is given to proper construction.

DURABILITY—Potato storages may be built to resist weathering
and deterioration. Surfaces on which moisture may form should be
treated with asphalt paint or a similar protective coating. Wall and
ceiling surfaces should be smooth to permit free circulation of air
and rapid evaporation of moisture.

SAFETY FEATURIE-—No structure is sound that does not provide
a safe working place for the men handling the potatoes. Structural
members should be of adequate size to prevent failure. The workmen
should have adequate head room and be required to do a minimum
of climbing ladders and over braces in carrying on the usual activities.
Where clectricity is available, the storage should be wired to provide
lights and provide current for grading and conveying potatoes and
operating fans. In general, the outlets and lights should be placed
where they are not likely to be struck by trucks, grader, or other
movable equipment. Molded rubber receptacles without switches are
preferred because they are moisture resistant and not ecasily damaged.
One switch near the entrance on the lower floor level is all that is
needed.  Flexible, non-metallic conduits placed according to wiring
code are preferred because of economy. Iixperience has indicated that
unless rigid conduits are filled with a hot molten compound like “pot-
head compound™ before being placed in service, condensation will even-
tually result in “shorting™ bhetween wires.

REMODELING OLD STORAGES

Many storages now in use have inadequate insulation, no protec-
tion of structural members against decay, no provision for air circula-
tion and ventilation, and no provisions for handling the potatoes to
and from storage. If these old storages were remodeled and properly
managed, they would give results almost as satisfactory as obtainable
in new storages. R

STORAGE TYPE AND CAPACITY

Capacities may be increased by removing unnecessary partitions and
by increasing cffective bin depths. Bin depths may be increased by
altering the ceiling and providing an upper level walkway as is done
in the new storages (IFigs. 13 and 14). In underground cellars with
concrete ceilings the additions of a driveway and shed at one end
which may be used for grading will increase storage capacity (Fig. 9),
as all of the central alley thus is made available for storage.

INSULATION

To obtain the advantages of insulation for temperature and humidity
regulation, most old storages need a complete new job of insulation as
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8]
w

Fig. 9. A reinforced concrete underground storage. The drive shed at left may be
heated for grading operations in the winter.

has been done in the old storage shown in Fig. 1-B. In remodeling old
storages it may be desirable to insulate the ceiling only and protect
the inside surface from vapor damage. Tt will be necessary to use
some judgment in choosing between commercial and non-commercial
msulation owing to the differences in cost and condition of the old
storage.

VAPOR PROTECTION

Where the frame of the structure is not badly decayed, a vapor
barrier provided by a layer of vapor-resistant paper or a coat of asphalt
emulsion paint may be placed over the inside sheathing. Where walls
are decayed to a point that replacement seems desirable, consideration
should be given to the use of sheet metal where adequate insulation has
already been provided or of 34-inch, vapor-resistant insulation for re-
placing old sheathing. This will provide a surface not asily injured
by condensation.
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CEILING DRIP

In underground storages with
reinforced concrete ceiling, pro-
tection against injury from vapor
1s often mmpractical but a ceiling
drip pan may be found desirable
to prevent moisture which
condenses on the ceiling from
drippig on the potatoes. The
principle of the ceiling drip pan
is to allow ceiling condensation
to regulate the storage humid-
ity, but to prevent the drip which
accompanies such condensation
from wetting the potatoes in the
top of the bins. This is done by
spacing corrugated metal sheets
between the tops of the bins and
the concrete ceiling, the sheet
metal being supported so that
the moisture which drips from
the ceiling will drain to the air
circulation space at the side
walls. Alternate sheets should be
at different heights so that the
air rising from the potatoes may
pass between them to the ceil-
g, as may be seen i Fig. 10.

I'ig. 10. Expertmental ceiling drip pans.

permit air to flowe to ceiling between alternate sheels.

Upper

PANS

Kt

notice wet potatoes under
bare ceiling and dry potatoes wnder drip pan. In lower viewo nole staggering of pan to
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CIRCULATION AND VENTILATION
The importance of air circulation spaces between the stored potatoes
and the walls is discussed on page 17. A method of installing such air
circulating spaces in old storages is shown in Ifig. 11. The type of
ventilation shown in IFig. 12 is both economical and effective. The intake
is placed at the bottom of the lower alley door and the outtake is placed

Fig. 11. Interior view of the Lake City storage shozo-
ing entrance of triangular wall-floor air flue which con-
nects the open work alley with a two-inch wall air
circulation space. Later practice uses tight bin fronts.
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just under the ceiling at either end of the storage. The use of an ex-
haust fan as in Fig. 1B is often desirable. Where an outtake 1is
provided on each end of the storage as in Figs. 13 and 14, the one
on the lee side only should be opened when ventilating with outside
air that is much below freezing.

PLANS FOR STORAGE HOUSES

As a result of the investigation plans have been developed for farm
potato storages with provisions for adequate circulation, ventilation,
insulation, and handling. Features of the new plans are discussed in
the following paragraphs. Blueprints for the various sizes and types
of storages may be obtained from the Department of Agricultural IEn-
gineering, Michigan State College, East Lansing, Michigan.

SIZE OF STORAGES

It has been necessary to design several sizes of storages to meet
the wide variation in farm potato acreages. A series of 14 storage
plans have been developed for houses varying in size from 550 to 11,450
bushels capacity. All plans are for square storages, owing to their
advantages in economy, handling of potatoes, and regulation of storage
conditions. Where plans are not available for intvl'lnc(liutc sizes, 1t will
often be practical (‘ll]](‘l‘ to enlarge the square plan by 2 feet cach way,

- to retain the width and increase the length by one bin.

CARRY-IN STORAGES

For storages having capacities of from 550 to 4,700 bushels the
center work alleys vary in width from 4 feet 8 inches to 9 feet 4 inches.
In these relatively small storages it is practical to carry the potatoes
from the truck at the door back into the bins. In the smallest stor-
ages of this group, 550 to 800 bushels capacity, there is but one level
of work alley, but by using a movable plank supported on steps n
this alley, potatoes may be conveniently stored in the bins to a 7- or
8-foot depth. The larger storages of this group, from 1,900 to 4,700
bushels capacity, have movable plank walkways on an upper level and
a concrete floored, lower level alley (Fig. 12). In filling, the potatoes
are carried in at the lower level to fill bins up to a 3- or 4-foot depth
and then by using movable walk planks from the upper walkway, the
hins may be filled to a depth of 10 or 11 feet.

DRIVE-IN STORAGES

The larger storages are of the drive-in type and are of 6,800 to
11,450 bushels capacity; they have two levels of work and a drive
alley of from 10 feet 8 inches to 12 feet in width, which permits farm
trucks to back or drive into the storage for unloading or loading from
cither level. With a relatively large quantity of potatoes to be stored
and graded from storage the expense of the two alleys is justified.
The hca(l room in the two work alleys is just enough to clear a man
walking on the truck bed. Most of the potatoes ‘should be carried
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from the truck and dumped into the bin, especially from the upper
level, rather than being dumped from the truck bed and allowed to roll
down long inclines. To utilize home-sawed lumber, the gambrel and
gothic roof types were designed for cach storage size, except the two
smallest, for which the gambrel rool only was planned.

GAMBREL ROOF

The gambrel roofed storages (Fig. 13) use 2 by 4 or 6-inch dimen-
sion lumber for the rafters. The upper and lower slope rafters are
interchangeable. The roof and ceiling slopes are as follows: (1) the
lower roof rafters have a slope of 2:1, (two vertical to one horizontal)
which 1s steep enough to give adequate head room during the filling
of the bin; (2) the upper rool rafters have a slope of 1:2, which is
about as flat as 1s practical to use with the common types of roofing
materials; (3) the braces at the junction of the upper and lower rafters
slope 1:1: (4) the ceiling follows the slope of the lower rafters to
the braces and follows the braces to the horizontal ceiling which con-
nects the upper rafters and provides a shallow attic space above. The
attic space 1s desirable for ventilating the insulation above the ceiling.
The purlin is supported by posts extending upward from ecither side

FIRST [LOOR [LAN

| 2276 Ridge plate

/76" Lowers

5~1"%3" Rotters
24”0 c

276" Cirdlers

EnD SecTion

Fig. 14. Laminated rafter potato storage house. Note: Construction details
are stmtlar to those in Iig. 13,
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of the work alley. This member provides the upper anchorage for the
posts and some stiffness to the roof. The purlin is placed above the
ceiling to permit unobstructed flow of air below.

GOTHIC ROOF

The gothic roofed storage (IFig. 14) has heen designed particularly
to use small dimension, home-sawed lumber. For this type roof a
minimum radius of roofl curvature of 14 feet has been used. The rafters
for cach side of this roof are made up of five 1- by 3-inch pieces which
are to be bent up and nailed together in forms on the storage floor.
The roofl is of the type developed by the Michigan State College for
other classes of farm buildings. As in the gambrel roof type, the purlin
gives additional roof stiffness. The upper part of the gothic roof,
has a minimum slope of 1:2, this slope starts tangent to the curved
portion and extends to the ridge.
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ESTIMATES OF COST

Tables 3, 4, and 5 show the amounts of material required and the
itemized cost at assumed unit prices for labor and material. The basis
of estimating and notes on construction are given in the following
paragraphs.

LUMBIER—A bill of material is included in Tables 3 to 5. By fol-
lowing through the total unit cost of materials in these tables, it will
be scen that lumber used in one place has a greater unit cost than
lumber used in another. The unit costs are made up of three factors:
(1) the Tumber cost, with values ranging from $35 per thousand for
plank to $120 per thousand for hardwood bolster material; (2) the
cost of nails which varies from 70 cents per thousand board foot for
framing to $3 per thousand square feet of roof shingled; (3) the cost



Table 3. Cost Estimates for Michigan Potato Storages.

14 ft. x 14 ft. 16 ft. x 16 ft. 20 ft. x 20 ft. 20 ft. x 20 ft. 24 ft. x 24 ft.
Ttem | Building Unit | Cost Unit Unit Cost 2 Gambrel Gambrel Gambrel Arch Gambrel
| -
(500 bu.) (8C0 bu.) (1,900 bu.) (1,960 bu.) (3,150 bu.)
Amount Cost Amount Cost Amount Cost Amount Cost Amount Cost
|
Usazass | Excavation..... Cu yd...| $§ .50 | 29 38 $ 19.00 82 $ 41.00 44 $ 22.25 96
D03 s & Concrete . .. ... Cu. yd 7.00 | 10 12 84 .00 23 151.00 18 124 .60 26
SR, | Sills. .. .. 1\ £ SO 61.70 75 5. 128
: T . Posts Moo oui 56.70 54 3. 180 |
5e s i | Girders Mo S1.70 8 | . 155
Bi: & s 3 ' Planks......... M 65t 5. .41 9 48.70 446 1,505
Tiwsaws Studding . M, 500 i 5 | 56.70 78 | 312
- PR Cleats . vosvonsa| Maiws ass 76.70 149 307
9. . Joists—floor. ... M....... BT TO | s g s o] e 2 9,5, 5 5,20 [ B & g ] 0898 70 00 7 | 0 2 ] ¢ o 8 g, SR hE BEDEE ]9 S 5§ 2 A G g
11{3 R Jois ceiling...| M....... 61.70 48 104
Rafterss 5 Mz ¢ s o 61.70 197 | 649
Purlin. . .. s Magpsges 81.70 56 | 48
Shiplap®. ... .. M....... 54.90 496 1,400 |
Boards D & M 7. M....... 56 .40 878 2,328
Siding. . R atll SV 2 = m g ¢ 79.20 188 536
Bolster 1, [P 136.20 o g s | B BE Spnle: el Metn e sl 15 e, By ] e o g s 1S i o sl anen e xod L s e = fgemon 13, 1 5yt
| Shingles. . .. Square. 10.30 3.08 8. 64
Insulation s Sq. ft.... L081 4.30 1,906
Surfacing ¢. . . Square. . . 4.00 4.3 . 12.7
b Surfacing 0. .. . .| Square. . 5.94 1.9 : 5.4
. Chimney ....... | L. fb. ... 2.25 13 p 20
p Sill Bolts. . | IBACHL w i, .24 | 14 : 24 |
g Post Dowels . Bach. ... .16 2 I 2 4 |
24 | Troughs 1t ..| Ln. ft 22 36 .00 48 58
25, ..., | Hardware 2. .. .| Bach..... 9.45 il 18.90 2 2
TOTAL: csron 4o 3% 508850k 5 Ba e eoibasy sos | nate s .l $386.99 ‘ $781.36 |........ $801.12 |........ $1,085.54
120 of Total Est. Bldg. Cost......... ... ... Vs o meem o } $464 .39 $937.68 [ :vs 0540 $I61 .34 v viins $1,302.65
Cost of Bldg. per Bu. of Storage . ............ ...... .. | % 0.928 $ 0.493|........ S 0.490 . ..., .. |8 0.413

7 T T2

1 = M ==+889-Board feet of lumber.

2 = Unit Cost = Cost of material and labor.

i = Plank = Bin fronts, walk, and driveway planks.
4= Cleats = 2" x 2" air-space studding and bin-front cleats.
5 = Rafters for arch roof at $69.10 per M.
6 = Shiplap = Sheathing used on outside wall and roof.

Boards D & M = Boards used for all inside sheathing and air spaces.

= Insulation = 4” thickness of fill-type insulation; 6” are used in 24-40” buildings.
= Surfacing = Vapor protection of insulation from inside of building.

= Surfacing = Exterior paint 3 coats.
1t = Troughs = Eaves troughs and down spouts.
12 = Hardware = Door hinges and locks.
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Table 4. Cost Estimates for Michigan Potato Storages.

| 24 ft. x 24 ft. ‘ 28 ft. x 28 ft. ’ 28 ft. x 28 ft. 32 ft. x 32 ft. 32 ft. x 32 ft.
Item Building Unit Cost Unit Unit Cost 2| Arch | Gambrel ‘ Arch Gambrel ! Arch
| ‘ (3,130 bu.) ‘ (4,700 bu.) | (4,600 bu.) (6,800 bu.) (6,960 bu.)
| | Amount | Cost Amount | Cost ‘ Amount | Cost Amount | Cost Amount | Cost
| | |
T:aams | Excavation.....| Cu.yd...| $ 32.00 | 7 | $100.00 164 |
200000 Conerete. . Cuvd. . 15760 ‘ 336.00 45
300000 Sills. .. MiL 7790 ‘ ‘ 10051 171
4. S Post...o o0 Mo .20 2 ‘ 2449 306
5 ..| Girders—Ties...| M....... 5 26.80 216
6. .| Planks, ... ... M:s = wie ‘ 124 .87 | 2,482 |
(N | Studding .. ... .. My o5 e | 30.16 | 371
e citosons ‘ Cleats.........| M....... 3850 400 |
B g Jc —floor . ... M....... 31.39 | 192 |
105 . 5ims Joists—ceiling...| M....... 16.78 | 182 |
11, ..s604 | Rafterss........| M....... 69 .23 1,250 |
{2 S ‘Pllﬂill...._u_._ Mo 5 |
Shiplaps. ... . M... .. ..
| Boards D & M 7.| M.......
SINE c5 6500 0w | Mo piwss s 920 | |
Bolster... ... ... Ns aewas ¢ R0 5 |
Shingles. .. ... .. Square. . . 15.4 ‘
| Insulations .. . .. Sq. fto.. . 3,190 |
..| Surfacing?@. ... . . Square. . . 22.3 |
.| Surfacing . ., .. | Square... 9.2 |
Chimney .. ... .. L B, o6, 4 24 | |
Sill Bolt Each..... 32 |
Post Dowels Each..... 6 ‘
Troughs .. ... Lo fi... . 76 | .73 |
Hardware 12.....! Each..... 4| 37.8
B LA T Sicrens S0 51 i, v 2 s s e s v ) 80 B 0 s P Pt B s i 51 $1,933.69
120 of Total Est. Bldg. Cost... ... : . ‘$2,:52(),43 ........ ‘%2,245. 15
Cost of Bldg. per Bu. of Storage . .. ... ... |..... ... '8 0.412 ....... $ 0.353........ s 0.353........ |9 0.341 . ....... 's 0.330

/000

= M =488 Board feet of lumber.

= Unit Cost = Cost of material and labor.

= Plank = Bin fronts, walk and driveway planks.

= Cleats = 2" x 2” air-space studding and bin front cleats.
= Rafters for arch roof at $69.10 per M.

= Shiplap = Sheathing used on outside wall and roof.

w e e e

= Boards D & M = Boards used for all inside sheathing and air spaces.

= Insulation = 4" thickness of fill-type insulation; 6” are used in 24-40’ buildings.
= Surfacing = Vapor protection of insulation from inside of building.

Surfacing = Exterior paint 3 coats.

Troughs = Eaves troughs and down spouts.

Hardware = Door hinges and locks,
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Table 5. Cost Estimates for Michigan Potato Storages.

36 ft. x 36 ft. 40 ft. x 40 ft.

| |
Item | Building Unit ‘ Cost Unit i['nit Cost 2 Gambrel | Arch Gambrel Arch
|
l | (8,600 bu.) } (9,050 bu.) (11,450 bu.) (11,480 bu.)
| | Amount Cost | Amount Cost Amount | Cost Amount Cost
| |
By sk s s @% 4 | Excavation......... Cu . yd........... 190 $ 90.00 | 184 178 ‘
2, .« u| ‘Conerete : .. coni| ClaPdin: ssomaas s 49 343.00 80 55 |
3 ills . M1t . o 192 | 11.85 192 | 214
4 St M., | 432 24 .49 306 | 306
5w gz e gme e 3 ML 544 44 44 243 | | 334
Btz as s sea@s w9 | Pla.nkd _____ | Mg ws vosmswsn vy 3,048 148 .44 2,864 | 3,070
T s s amis e w | Studding enonil| D a et © 0k o m 600 34.02 624 | [T00
8 | Cleats¢..... ... ....| M........... 537 41.19 | 432 | 463 |
- Joists—floor . ... M. 664 40.97 | 252 | 282
L0 i avoes s s i s | Jot8ts—CBIlNg, s o vue| Mowiwsvoiws s 342 21.10 | 228 | 280
11, viaes| R eT88: e 55 0 cms s | Micszisasi8e 2o nme 1,444 89.09 | 1,944 i 3.140
12. ... .. | Purlin. e ML 144 11.76 288 400
13 i v vns | \hlpla.p" e ML 3,000 164.70 | 5,815 6,923
5 [ T | Boards D &ML | M. 4,591 258.93 | 1,800 1,945
1850 cums smams s Si | N T 1,092 86.49 1,248 1,400
6. 88 1094 45 | 45
5 1 . | 19.1 196.70 19.44 | 24.0
18 . ... Insulations .. ... . ... Sa.fto oo 4,122 333.88 4,097 | 4,973
19" ssws swsms gos Surfacing ... ... .. .. STO[PE: 1 (- . | . 27.3 | 33.21
20 . . Surfacing 10 . s 12.61 |
21 .. ... Chimney..... ... ... | | 26
22 i e v Sill Bolts. ... ..., 40
23 . Post Dowels 6
24 . ciexy| LTOUghEL., 88
2D . . wmsEs 54 Hardware 12, . . 4 l
O T AL . oo ... (82,248.02 L, ]82,265.27 ... ... .(82,609.90 |........ “ﬂéz 658 .11
1209, of Total Est. Bldg. Cost.. . .. .‘“H 189.73
Cogt of Bldg, per Bu. of StOTAZ€ . 2 5 c. vvs coisive cosisinias inimemsfosmesnsa|® Q318 ccesan:[® 800)::i:meas|® 0.208|5.5: 550 % 0.278

= M = Board feet of lumber, 100o

2 = Unit Cost = Cost of materials and labor.

3 = Plank =

4 = Cleats

Bin fronts, walk and driveway planks.
= 2" x 2" air-space studding and bin front cleats.

5 = Rafters for arch roof at $69.10 per M.
6 = Shiplap = Sheathing used on outside wall and roof.

7= Boards D & M = Boards used for all inside sheathing and air spaces.

s = Insulation = 4” thickness of fill-type insulation; 6” are used in 24-40’

¢ = Surfacing = Vapor protection of insulation from inside of building.
1 = Surfacing = KExterior paint 3 ccats

11 = Troughs = Eaves troughs and down spouts.

12 = Hardware = Door hinges and locks.

buildings

NVOIHOIIN Od SHHVVOLS OLVLOd



38 MICHIGAN SPECIAL BULLETIN 320

of labor which is figured at $1 per hour, varying from $8 a thousand
for the random-width, walk drive and bin planks and $32 per thousand
for the built-up rafters for gothic roof to $40 per thousand square feet
of roof shingled. Thus, the total unit cost for placing the various types
of lumber which includes material, labor, and nails, varies from $48.70
for planks to $136.70 for bolsters.

CONCRETE WORK—Where there is a good banked site and gravel
and sand are available for concrete work, the cost per cubic yard of
concrete in place may be much less than the $7 used in this estimate.
On the other hand, owing to higher cost of aggregate and the placing
of forms, the contract price for the concrete work may exceed $7. It
1s desirable to make strong concrete walls for the underground part
of the storage. The diameter of the largest stones in the aggregate
in this case should never exceed one-sixth of the thickness of the wall.
The walls are all 8 inches thick at top and increase in thickness at the
rate of one-half inch per foot of height. For these storages, which
have relatively low walls, no reinforcing is required. The details of
construction as shown in plans should be carefully followed.

INSULATION—Insulation used in the end walls and roof, if of the
granular type, will ordinarily fill the space between the studding and
between the rafters. Insulation is separated from the inside storage
air by a vapor-resistant membrane, and exposed to the outside air
which circulates through the louvered attic space.

SURFACING AND VAPOR PROTECTION—The vapor-resistant
membrane, usually of reinforced waterproof paper, is used to protect
the insulation from the moisture in the storage air. A good three-coat
“paint job is used to protect the siding from the weather.

MISCELLANEOUS ITIEMS—There will also be the additional items
of hardware, eaves troughs, and a brick chimney* which are not dis-
cussed separately but are included in the tables.

RIELATION OF HOUSIE SIZE TO BUSHEL COST—While the
capacities and total and unit costs of the various storages are given in
Tables 3-5, a better idea of the relation of storage size to cost per bushel
of storage space may be had by reference to Fig. 15. It will be noted on
the graph that the smaller storages cost about 85 cents per bushel of
capacity, the medium sizes 40 cents, and the largest sizes about 27 cents
per bushel. From this chart it would seem advantageous for two or
three farmers to cooperate in building a large storage. The disadvan-
tages of cooperative storages are the division of work at filling time
and in grading out of storage and the divided responsibility for control
of storage conditions. Many growers would rather pay more and have
exclusive control of their storage.

*To facilitate the use of artificial heat all Michigan storages should be equipped
with fire-safe chimneys and stoves for heating during prolonged cold spells.
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Fig. 15. Relation of storage sise to cost per bushel. From tables 3-3.

CONCLUSIONS

Many Michigan potato storages were developed for conditions that
no longer exist. In the past, the sole dependence upon railroads for
shipping resulted in the development of commercial and cooperative
warchouses along the track, but with the development of good high-
ways and trucking it has been found desirable to plan new storages
on the farm. Farm storages are also favored by growers who want
to keep the stored potatoes under their own control and to use their
“slack” time for grading.

As a result of investigations conducted during the past few years,
a better understanding of storage requirements and methods of meet-
ing these requirements has been reached. New farm-type storages
have been developed to meet the requirements of a wide range of sizes.
sites, and available material. Of outstanding importance has been the
attention given to handling. The new storages have been developed
with two-level work alleys that are particularly desirable when filling
bins, and consideration has been given to conveyor handling in reducing
mechanical injury. These storages use insulation efficiently and are
planned to use condensing surfaces and air circulation spaces to supple-
ment the usual ventilation in the control of storage conditions.

For the immediate future, most of the farm-stored potato crop will
continue to be placed in existing storages so attention has been given
to remodeling old storages. The new developments for improving old
storages are (1) the ceiling drip pans; (2) planned condensation against
vapor-protected surfaces; and (3) better planned circulation and ven-
tilation provisions.
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