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WALL PRXSSURES,; INSULATION,. TEMBERA.TU.RE 
AND AIR DI$'TEIBUTTQN O F  POTATO STOUCE$. 

Er ic  B. Wilson 
Extension Agricultural Engineer, WSU 

Experience i s  a good teacher, and since this  time last  year we've 
had quite a bit of experience with potato storage in the Columbia Basin. 

Some of the experience has been good and. some not  so good. F r o m  
some of the experiences: we can revise our list  of recommendations 
for storing potatoes h e r e  +,n tlie Columbia Basin:.. 

Some of the items I think we showld s t ress  during the coming year: 

1. Make better wse of known potat?,- pxes.suxes om walls.. 
2. Be s u r e  al.1 potatm storages a r e  well: in\s.mLated. 
3 .. 1nstal.E adequate ventiIatfon.. 
4. Operabe the vene.Fation sys.tem corntinually fr0.111' the start  of 

puut;i.in.g s.pmds: iirn sto,rage urnti2 s.to;rage eemperature has been 
reacbe&. 

WALL PWESURES 

F i r s t  ];eels: coms.ider the ho,r$zo.rntaB pres-smres. Ohat poatoes  exert oa 
walls.. One maj;o.r, change 5s the watls of xeceII,tly co,mst?wcted 
sto:rages a r e  hGglber than those coastm~cted a few years  ago. Also, 
more of the storages. a r e  entirely above gr.o>m~d: s:o. that frarpework 
muse res is t  the pressures formerly BeEd by earth excavatiiions. 

HORIZONTAL PRESSURE 
RED RIVER VALLEY 

HEIGHT OF POTATOES I ABOVE PLANK 
FEET 

I LEGEND 
HORIZONTAL PRESSURE READINGS= . HORIZONTAL PRESSURE AVERAGESio 
HORIZONTAL PRESSURE CURVE-*- 

-MAXIMUM PRESSURE AT 375O W L M  H--- 
I VERTICAL PRESSURES (CALCULATED)- 

WMUW PRESSURE N W E  PLOTTED PRM PRESSURE POINTS, NOT SROYN 
VERTICAL PRESSURE W E D  ON CAWJUTIONS USING :iOP.IZONTAL AND MIWM DERgCTIONS 

AGRICULTURAL MARKETING SERVICE 
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The horizontal p r e s s u r e s  of potatoes on bin walls were  measured  
a t  the Red River Valley Potato Research  Center a few yea r s  ago. In 
this respect ,  potatoes i n  the Red River  Valley a r e  pretty much the 
same a s  potatoes in  Maine o r  Idaho o r  the Columbia Basin. They a l l  
exer t  a lot of horizontal p r e s s u r e  on bin walls. 

F igure  1 shows the resu l t s  of the Red River Valley Tests.  Note 
that potatoes 15 feet deep exer t  about 85 pounds of p r e s s u r e  per  
square foot on walls. Note that this is an  average  of many readings. 
Some measurements  were  higher and some lower. F o r  example, one 
reading a t  15 ft. depth i s  over  100 pounds p e r  square foot. At 10 feet  
of depth the horizontal  p r e s s u r e  i s  65 pounds p e r  square foot. If you 
will  consider every  square  foot of a potato bin wall  you will s e e  that 
there i s  tremendous p r e s s u r e  exerted against  it.  

Table 1 summar izes  these p r e s s u r e s  for  var ious depths of 
potatoes and indicates what our  s t ruc tu res  mus t  be designed to 
withstand. 

Table 1 
REACTION FORCES AT SILL AND PLATE, AND BENDING 

MOMENT FOR VARIOUS DEPTHS O F  POTATOES AND WALL 
HEIGHTS FOR EACH FOOT O F  WALL LENGTH 
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Fee t  Fee t  Fee t  Pounds Pounds pounds Inch-Pounds 

11 Centroid i s  a point where a l l  forces  on a m e m b e r  a r e  in  balance. - 
With ve r t i ca l  fo rces  i t  i s  called center  of gravity. Note i t  is not 



a t  center of height. All  fo rces  multiplied by the i r  distance on one 
side f r o m  centroid just  equal a l l  fo rces  on other side multiplied by 
by their  distance f r o m  centroid. 

2 1  Reaction a t  s i l l  and plate a r e  determined in  this manner:  - 
Rs + Rp = P Rp = P h / H  

where Rs = Reaction force  a t  sill in  pounds P = Horizontal 
Rp = Reaction force  a t  plate in  pounds p res su re  of 
h = Height of centroid of horizontal  potatoes a t  

p r e s s u r e  in  inches centroid 
H = Height of wall  in  inches 

31  Bending moment  a t  center  of horizontal  potato p r e s s u r e  (accord- - 
ing to horizontal  p r e s s u r e  graph) Mx = Rs h / 2  where Rs = reaction 
a t  s i l l  in  pounds and h = height of centroid horizontal potato p r e s -  
s u r e  in  inches.  

A building designer  needs to know especial ly  the reactions a t  s i l l  
(R,) and plate (R ) a s  well  a s  the bending moment  (M,) a t  the centroid. 

P 

F igure  2 i l lus t ra tes  these p r e s s u r e s  and  hpw the s t ruc ture  m u s t  
r eac t  to withstand them. F o r  example, a 20-ft. high wall  with pota- 
toes  18 feet  deep m u s t  have adequate s t rength  a t  the top plate to with- 
stand a p r e s s u r e  (Rp) of 27,600 poqnds p e r  foot of wall. Thus, i f  
cables o r  t r u s s e s  4 feet  apa r t  a r e  tying the  building together,  each 
one must  withstand 4 x 27, 600 = l l 0 , 4 0 0  pounds i n  addition to the 
fo rces  placed on i t  by car ry ing  the roof load, snow and wind. 

The bending moment  (Mx) indicates to the designer the strength 
needed in  studding o r  other  ver t ica l  m e m b e r s .  

P O T A T O E S  

C E N T R O I D  



Wall p r e s s u r e s  a r e  so great ,  and the value of the s tored product 
is so high that an engineer should be employed to design potato s to r -  
ages. The cost  will be v e r y  smal l  compared ei ther  to the total cost of 
the s t ruc ture  o r  to the value of the s to red  product. 

Table 2 gives the s izes  of studdings required for  walls of severa l  
heights. This information i s  for  guidance in  designing potato storages. 
However, a design by an engineer would include considerably m o r e  
information, for example, methods and types of fastenings a t  top and 
bottom of the studdings. Simple nailing i s  inadequate. 

Table 2 
SIZES O F  STUDDING REQUIRED WHEN SPACED VARIOUS 

DISTANCES TO SUPPORT CERTAIN DEPTHS O F  
POTATOES WITH SELECTED WALL HEIGHTS 

Depth Height Sizes of studding required when spaced L! 
of of 1. 3 3  feet 2 fee t  3 feet 4 feet 

potatoes potatoes 

Fee t  - Fee t  Inches Inches Inches Inches - 

1 /  Nominal s izes  l is ted but s t rength i s  based  on d res sed  dimensions. - 
( r )  means  rough s ize  only 

The information presented in  F igures  1 and 2 and Tables 1 and 2 
is taken f r o m  Bulletin AMS-401, " P r e s s u r e s  on Walls of Potato 
Storage Bins" published by the Agricul tural  Marketing Service of the 
USDA. 

Although the information i s  d i rec ted  toward wood f r a m e  construct- 
ion, i t  can a lso  be applied to s teel ,  concrete ,  plywood o r  any ma te r i a l s  
u sed  i n  potato s torage construction. 
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. . 
INSULATION ' ' 

. , : 

Insulation i s  becomg m o r e  and m o r e  important in potato s torage 
construction a s  more '  of the ' s t ruc tures  a r e  built above ground and a s  
be t te r  quality potatoes a r e  required fo r  processing and table use .  

. . . . . . .  ' , : , ,  : 

. . 
A number of insulations in  severa l  f o r m s  a r e  on the market .  

Table 3 gives the resis tance value ( r )  'of t he  m o r e  common ones. 
. . .  . . 

. , . ~ 

Table 3 
INSULATION VALUES O F  MATERIALS ( r )  

. .. . .  ; .  ' : , , . 
. . .  , , .  . . Insulating Mater ia l  ' : ' ( r )  per  inch 

Blankets o r  batts 
, . . . ' .  , . . . ~ . , 

' cotton fiber .. , 3. 85 
: Mineral  wool,. rock, slag o r  g lass  

. , , ~  . .  . 
3. 70 

Wood f iber  
. .. ... . .  . 

., .. , . 
4.00 

. , Board and Slab . ' . 

Corkboard 
. .  . , , 

3.84 
 lass: filjei- 

. . 
4.00 

Expanded polystyrene 4.00 
Urethane 7. 14 

. .  . . 
h o s ' e .  f i l l  

. . . . Macera ted  paper .  3. 57 
Mineral  wool 

. . .  
3'. 70 

Sawdust o r  sl iavings: ' 2 . 2 2  
Vermiculite 2 .  18 

Building Mater ia l s  - 
Concrete 
Brick 
Wood - f i r ,  pine p e r  inch 
Concrete Block 

Sand and gravel  8" 
- Sand and gravel  12" 

Light weight aggregate 8" 
Light weight aggregate 12" 

Roofing 
Asphalt rol l  
Asphalt shingles 
Built-up roofing 
Wood shingles 
Sheet meta l  

Usual thickness 
.15  
.44  
. 3 3  
. 9 4  
. 00 



Nearly al l  insulations will  reduce heat loss  satisfactorily when 
applied properly i n  adequate amounts and if kept dry. 

A vapor b a r r i e r  i s  essent ial  to keeping the insulation dry. Water 
vapor in  the a i r  will penetrate mos t  building mater ia l s  and insulations. 
In  winter the temperature of the outside surface of a wall o r  roof is 
normally colder than the inside surface.  The temperature of ma te r i a l  
within the wall  will v a r y  between the inside and outside surface tem- 
peratures .  Much of the t ime the tempera ture  a t  some point within an  
insulated wall  will  be low enough to condense moisture  f r o m  the mois t  
inside a i r .  When this condensation occurs ,  f r ee  water  becomes avail-  
able in  the insulation, making i t  wet. Wet insulation loses  i t s  insula- 
tion value and will cause decay of organic  mater ials .  

Thus i t  i s  necessary  that  the mois tu re  vapor be kept out of the in-  
sulation. This i s  done with a vapor b a r r i e r .  Such mater ia l s  a s  sheet 
metal ,  meta l  foil, polyethelene f i lm and some asphalt-impregnated 
pape r s  a r e  vapor b a r r i e r s .  Also, some insulations such a s  expanded 
polystyrene will not pe rmi t  water  vapor  to penetrate. 

I t  is v e r y  important that a perfect  vapor b a r r i e r  be instal led on 
the inside surface of a potato s torage wall  o r  roof, o r  that the insula- 
tion i tself  be impervious to water  vapor.  

Bat  05 blanket insulation has  a vapor  b a r r i e r  on one side.  This 
m u s t  be placed on the inside sur face  of the insulation. Any holes,  
t e a r s  o r  gaps in  the vapor b a r r i e r  m u s t  be  repa i red  and sealed. Even 
a pinhole will  pe rmi t  a l a rge  amount of water  vapor  to seep  through 
over  a period of time. 

Boards of polystyrene o r  other  insulation impervious to water  
vapor m u s t  be joined with a vapor  proof mastic.  Shiplap joints with 
mas t i c  on the inside corner  a r e  considered good. 

, . .  , 

Mastic  <b P:lystyrene Board 
. , . . . 

The amount o r  thickness of insulation i s  important  to the proper  
s torage  of potatoes. Actually the re  a r e  two functions of insulation 
i n  a potato storage. F i r s t  i s  the usual  function of maintai;ing proper  
tempera ture  and second i s  to prevent condensation on the inside s u r -  
face  f r o m  dripping onto the potatoes. 

This second function, preventing condensation, i s  apt  to requi re  
m o r e  insulation than the first. In  the Columbia Basin, proper  t em-  
pera ture  may  be  maintained with 2" o r  3" of ordinary insulation such 
a s  mine ra l  wool o r  f iberglass ,  However, to maintain condensation- 
f r e e  in t e r io r s  5" o r  m o r e  a r e  necessary .  

different thicknesses of insulation. 



125 
Table 4 

THE INSULATION RESISTANCE (R) VALUES O F  SHEET METAL 
ROOFS WITH VARYING AMOUNTS O F  INSULATION 

S H E E T  M E T A L  

A I R  S P A C E  - V A P O R  E A R R I E R  

I N S U L A T I O N  

Thickness  of Insulation 
2" 3" 4" 5" 6" 

M i n e r a l  Wool Bat& 9.09 12.79 16.49 20.19 23.89 

Polys tyrene  Board  9. 69 13.69 17.69 21.69 25.69 

Urethane 15.97 23.11 30.25 

*Includes rock  wool, s lag  o r  f iberg lass .  

I t  i s  recommended that  wal ls  and roofs  fo r  potato s to r ages  have 
an  insulation r e s i s t ance  of 20 o r  higher.  Note i n  Table 4 tha t  5" o r  
m o r e  of m o s t  insulat ions  a r e  r equ i r ed  fo r  an  R of 20 o r  more .  I t  
should a l so  be pointed out that  the va lues  i n  Table  4 a r e  fo r  the s e c -  
t ions of the  roof with the  bes t  insulation. Sections including r a f t e r s  
o r  o ther  f raming  m e m b e r s  will  usual ly  have a lower insulation value.  
This  f ac t  re in forces  recommendat ions  m a d e  previously  that  "a potato 
s to rage  needs  6 inches  of insulation,  " 

Table  5 shows how low the outside t empera tu re  can drop before  
condensation begins to f o r m  on the i n ~ i d e ~ s u r l a c e  of roofs  with v a r y -  
ing amounts  of insulation.  

Table 5 
OUTSIDE TEMPERATURE AT WHICH CONDENSATION WILL 

APPEAR ON CEILINGS WITH VARYING INSULATION 
(Based  on s to rage  t e m p e r a t u r e  of 49' F. ) 

Insulation Value Outs ide Tempera tu re  At 
R Which Condeilsa'cion S t a r t s  
9 21.  OF 

1 
7. Z ° F  

20 - 1 . 0 O ~  
24 - 9 . 2 O ~  
30 -21.  OF 



Comparing the information i n  Table  5 with the information i n  
Table 4, i t  can be s een  tha t  a roof with 5 inches  of polystyrene will  
prevent  condensation a t  outside t empera tu re s  down to about 4' below 
ze ro ,  whereas  a roof with only 2 inches  will  begin condensation on the 
ins ide su r f ace  a t  about 21' F. 

Since condensation d r ip  on potatoes hastens  decay and the sp read  
of d i sease ,  i t  i s  obvious tha t  5 inches  o r  m o r e  of m o s t  insulations a r e  
n e c e s s a r y  for  adequate potato s to rage .  

TEMPERATURE AND VENTILATION 

Maintaining the proper  t e m p e r a t u r e  during the en t i r e  in -s to rage  
per iod  i s  v e r y  impor tan t  both fo r  potatoes to be p roces sed  and fo r  
table stock. 

0 
When f i r s t  placed i n  s to rage ,  potatoes need a t empera tu re  of 50 

to 60° and a re la t ive  humidity of 9070 o r  m o r e  to hea l  the wounds 
caused by harvest ing and handling. After  maintaining this t empera -  
t u r e  f o r  10 days to two weeks the  potatoes should be  fu r the r  cooled to 
the  s to r age  tempera ture .  

If sprout  inhibitors have been used,  the s to rage  t empera tu re  m a y  
be a s  high a s  45OF. with 90% o r  higher  re la t ive  humidity. Without 
sp rou t  inhibi tors  a t empera tu re  of 40°F i s  neces sa ry  to prevent  
sprouting. 

One of the m o s t  c r i t i c a l  per iods  i s  the f i r s t  two o r  t h r ee  days a f te r  
the potatoes a r e  put i n  s to rage .  If so i l  and outside t empera tu re s  a r e  
high, the  t ube r s  not only have a high t empera tu re  but a l so  produce an  
excess ive  amount of hea t  (heat  of resp i ra t ion) .  

F igu re  3 shows the hea t  of r e sp i r a t i on  a t  var ious  s to rage  t emper -  
a tu re s .  Note that  i t  i n c r e a s e s  v e r y  rapidly a t  s to rage  t empera tu re s  
above 5 0 ' ~ .  In addition, during the f i r s t  few days a f te r  harves t ,  hea t  
produced can b i  expected to be  twice that  shown i n  the graph,  due to 
suber izat ion o r  wound healing. 

Thus,  it i s  ve ry  impor tan t  to s t a r t  the ventilation a s  soon a s  you 
begin to place potatoes i n  a s to rage ,  especial ly  i f  outside t empera -  
t u r e s  a r e  high during harves t .  

I 
The ventilation sys t em should be  s t a r t e d t h e  f i r s t  night a f te r  a few 1 

I 

loads of potatoes a r e  .put i n  the s to rage .  Ai r  ducts should be  blocked 1 
off to fo rce  the a i r  through the potatoes.  i - 

i 

At any t ime  when the outside t empera tu re  i s  h igher  than the  ins ide  
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temperature,  no outside a i r  should be admitted to the fan intake. How- 
ever,  the fan should be kept in  operation and inside a i r  recirculated. 

In this way the pile can be cooled with night a i r  and by recirculat-  
ing inside a i r  during the daytime, "hot spots" can be prevented and 
the surface of the spuds on the top of the pile will remain d ry  even 
though high humidity a i r  i s  being recirculated. 

STORAGE TEMPERATURE 

Figure 3 

If the fans a r e  shot off during the daytime, heat will build up in the 
pile, the hot a i r  carrying high humidity will r i se  to the top of the pile 



Figure  4 

Cooling potatoes each night and recirculat ing inside a i r  during 
the day t ime makes  the bes t  u se  of what cool a i r  i s  available. By 
cooling sma l l  pi les  f i r s t ,  a s  they a r e  built,  i t  i s  much e a s i e r  to cool 
a s torage than i f  a i r  i s  not s t a r t ed  until  the s torage  i s  filled. Much 
of the t ime during the ha rves t  season  tempera tures  do not drop low 
enough for long enough periods of t ime to adequately cool the s torages 
unless  every advantaage i s  taken of what cool a i r  does occur .  

Fig.  4. The fzn should run continually, recirculat ing inside 
a i r  when outside a i r  i s  too warm,  to prevent hot 
sp0.s f rom occurr ing and condensation f r o m  forming 
on .he sur face  of the potatoes a t  the top of the pile. 
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S U M M A R Y  O F  O T H E L L O  D A I L Y  T E M P E R A T U R E S  

F igu re  5 

F igu re  5 shows 10-day ave rage  t empera tu re s  for  Othello over  the 
l a s t  t h r ee  harves t  season. 
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807 COIvIPARISON WASHINGTON AND IDAHO TEMPS I 

Figure 6 compares  these tempera tures  with Aberdeen, Idaho 
f o r  the l a s t  th ree  harves t  seasons.  

2 0 

potato producing a r e a .  However, mos t  significant i s  
the fact that night tempera tures  (MIN) a r e  much lower 
i n  Idaho than in  Washington. 

I 
Sept. Oct. Oct. Oct. 
2 1 - 3 0  1-10 1 1 - 2 0  21 -31 



131 
This points up seve ra l  d i f fe rences  i n  our ventilation sys tems  a s  

compared to Idaho's.  F i r s t  with l e s s  cool a i r  available,  we need 
g rea t e r  fan capacity during the ini t ia l  suberization and cooling periods.  
Second, we need to wait unti l  l a t e r  in  the fa l l  to ha rves t  potatoes for  
s torage.  Third, i f  e a r l y  harves ted  potatoes a r e  to be put in  s torage,  
we may  need refr igerat ion.  

AIR DISTRIBUTION SYSTEMS 

Las t  year  we used  Idaho's recommendation of 10 cubic fee t  of a i r  
p e r  minute p e r  ton of potatoes. When we r a n  into trouble during the 
f i r s t  p a r t  of the ha rves t  season  we began looking for  explanations. 
With the tempera tures  we experienced ih  the Columbia Basin i t  appears  
that  we  should have m o r e  a i r  available during the ini t ia l  s torage 
period. 

Table 6 gives a i r  volume r a t e s  for  the Red River  Valley Area.  I t  
appea r s  that we should adapt these f igures  for  the  Columbia Basin. 
At l ea s t  fo r  the f i r s t  few weeks of the season  we m a y  need a s  much a s  
17 cfm p e r  ton. 

Table 6 
POTATOES PLACED IN STORAGE (MSR 579) 

Potato  Temp. 
50° 

Outside Temp. A i r  Flow Required 
40° 10 cfrnl ton 
50' 13 c fml ton  
60O 17 c fml ton  

A sys t em of a i r  ducts,  10 feet  apar t ,  under  the potatoes forcing 
a i r  up through the pile of potatoes s e e m s  adequate. The information 
i n  WSU Bulletin EM 2523, "Potato Storage S t ruc tu re s  and  Ventilation", 
can be used  to de te rmine  duct s i z e s  and layouts. However, fo r  higher 
air volumes such a s  the 17 c fm p e r  ton mentioned above, the c r o s s -  
sectioned a r e a  of the duct wil l  need  to be proportionately l a rge r .  

SUMMARY 

1. Design bin wal ls  s t rong  enough to withstand the high horizontal  
p r e s s u r e s  indicated by t e s t s  (page 12.0). 

2. Ins ta l l  5 o r  m o r e  inches  of m o s t  insulations,  a r e s i s t ance  value 
( r )  of 20 o r  m o r e .  

3. S t a r t  ventilation s y s t e m  a s  soon a s  a few loads of potatoes a r e  i n  
s torage  and run i t  continuously, day and night unti l  en t i re  s torage  
i s  cooled to s to rage  t empera tu re  

4. Provide  about 17 cfm p e r  ton of s to rage ,  a t  l e a s t  f o r  the f i r s t  few 




