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Introduction

The physiological processes which occur within & 'mass
are accompanied by the emission of heat. As ayresult, t
of the grain may reach a level at which serious, permang
in the commercial, technological and food, properties @
take place. It is therefore necessary to-detect and med
heating during storage and to take immediate remedial
as ventilation and cooling, since late"remedial measut
cases have no effect.

In bulk stores such damage. 4s)often in the initial stage)
affects only a small proportion of the grain stored. Howgq
age, although localized inxhe initial stages, may spread

of stored grain
he temperature
nt deterioration
f the grain will
sure any over-
Mmeasures, such
es will in most

s localized and
ver, such dam-
o other regions

of the stored grain if not checked in time. The consequences of any

overheating, even if.jtlis localized, are always serious {
the grain may havé'to be marketed at reduced prices o
come unsaleablébecause of the presence of damaged
of the ever-ineféasing demand for grain of good quali
longed periods of bulk storage, it is important to check
of the grain’frequently. The use of thermometric equipm
large ptimber of measuring points, is an appropriate teq
thig-objective.

The thermometric equipment is also necessary to enable
by ventilation to be carried out. Such cooling, using suc
5°C 1o 7 °C, can be economically employed in cold clim
physiological activity of grain is insignificant even wh
content is close to the maximum recognized internation

ince a batch of

may even be-
grain. Because
y and the pro-
he temperature
ent, based on a
hnique to meet

correct cooling
essive steps of
hites. At 0 °C the
bn its moisture

ally .
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INTERNATIONAL STANDARD

ISO 4112:1990(E)

Cereals and pulses — Guidance on measurement of the
temperature of grain stored in bulk

1 Scope
This Intefnational Standard gives guidance on the

measurerhent of the temperature of grain stored in
silos or ahy other bulk store.

2 Definitions

For the purposes of this International Standard, the
following |definitions apply.

2.1 grain: Cereal grains and/or seeds of pulses,

2.2 bulk|store: Large store in which grain-s\stored
unpackaded in large quantities.

3 Pringiple
Placing d series of thermémetric probes throughout

the masp of stored .grain to detect or monitor
changes [n temperature.

4 Apparatus

41 Thermometric probes, one or [more, usually
consisting of a rigid tube’or flexible cgdble (4.1.1) with
one or more temperature-sensing devices (4.1.2),
together with their”respective outppt conductors,
which are housed in the tube or cagble. When the
probe is bufied in the mass of grair|, its response
time to reaeh a steady temperature refading shall not
exceedh\3'min.

The ‘niaterials used to fabricate thel thermometric
probes shall be resistant to producty employed for
fumigation and to damage by rodentsg

Horizontal stores, emptied by meang of a scraper,
shall be equipped with retractable| thermometric
probes.

NOTE 1 Flexible cables suspended in vertical stores
should be anchored at the bottom of the store to prevent
dislocation during loading.

411 Rigid tubes or flexible cables,|of appropriate

length and diameter, made of glass

fibre, metal or

other suitable material and, particularly for vertical

stores, having the strength and rigidi

ity to resist the

very high tensile and compressive fgrces which oc-

cur when the store is filled and empt

ed.

NOTE 2 Forces on the tubes or cablgs increase with
their diameter, depth of burial and with Tovement of the
grain—during-loading and unloading Tenkile forces of up

The type of apparatus or installation shall be suit-
able for the size and shape of the store. For exam-
ple, use

— a portable apparatus, for small stores;

— a semi-fixed or retractable apparatus, for hori-
zontal stores, i.e. stores with extensive floor
areas and limited height;

— a permanent installation, for vertical stores
(silos).

The apparatus shall comprise the following parts.

to 50 kN may occur. A small diameter has the effect of
reducing the strain at fastening points and simplifying the
anchorage system. Conversely, larger diameters give
greater rigidity which is particularly important for very
deep stores.

41.2 Temperature-sensing device (thermosensitive
element), consisting of a thermistor, or thermo-
couple, or a resistance thermometer, or any other
electrical temperature-sensing device capable of
detecting changes in temperature of the order of
0,5 °C, with a working range up to 70 °C and a lower
limit appropriate for the local ambient temperatures.
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4.2 Temperature-reading device, which may be

supplemented
annex A for furt

by a recording instrument (see

her information).

4.3 Thermometric apparatus (for ventilated stores),

placed at the ai

r inlet to measure the temperature

of the ventilation air.

5 Procedure

5.1 Positioning the apparatus

Owing to the Io|
and the fact th
ficiently close td
perature chang
occurring, the

(dry and cold grain), the frequency of readings may
be reduced (for example, to once a week).

Persons responsible for storage facilities shall de-
termine the frequency of temperature readings, tak-
ing into account the nature of the stored product, the
moisture content of the product, the season of the
year, the degree of insect infestation of the product,
etc.

5.2.2 Particular requirements for ventilated stores

W thermal diffusivity in stored grain
at measuring points shall be suf-
each other to detect localized tem-
es within a short time of their
easuring points should be no more

than 3 m apart from each other in any direction.

If for economic
urements are nj
this shall be reag

For horizontal §
shall be 1 m to

It is essential th
itioned in the pl

or other reasons, however, meas-
ade at spacings of more than 3 m,
orded in the temperature records.

tores, the upper measuring points
P m below the surface of the grain.

at several probes or cables be pos-
hne of symmetry of the store.

NOTE 3 In stord

face of the grain,

bs of limited height, it may be sufficient

0,5 m above the floor, and mid-way be-

that the temperatrre be determined 0,3 m below the sur-

tween these poin

For vertical sto|
spaced at regul

S.

Fes, the measuring points shalll be
br intervals along vertical praobés or

cables in the inpmediate proximity of the wwalis and

of the top and b

It is essential a
itioned on the a

bttom.

so that one probe or cable be pos-
is of symmetry ofthe store.

5.2 Temperafure readings

5.21 Frequenc

v of readings

If the grain is

n_Anfavourable storage conditions

(high temperatuyreZand moisture content), read the

Read and record the temperatures at the|various
measuring points in the mass of stored(grafin using
the following procedure.

If the ventilation is not in operation,/carry oyit an in-
itial temperature reading and “then ventilate the
grain for 30 min to 45 min, depending on the height
of the store. Measure the-temperature of the venti-
lation air at the inlet.

NOTE 4  During thi§sshort period of ventilation, the air
at any hot spot_present rises, thus heating the upper
probe(s).

Carry out a‘second temperature reading after venti-
lation, correcting the value obtained where [necess-
ary to\’take account of the temperature| of the
ventifation air. If the result obtained betweef the in-
itial and second temperature readings is ppproxi-
mately 5 °C or above, a hot spot may be presumed
to be present and there is a risk of damage,

Provisions shall be made (service contrdcts, re-
serves of spare parts) to ensure that the upper
probes are never out of commission for longer than
24 h.

6 Temperature records

The temperature records shall indicate thg appar-
atus used, the temperatures recorded at the|various
measuring points, and the times at which the tem-
peratures were measured. They shall also mention
all operating conditions not specified in th|s Inter-
national Standard, or regarded as optional,|as well
as any circumstances that may have influerjced the

temperatures at the measuring points in the mass
of stored grain at frequent time intervals, for in-
stance every 24 h. For favourable storage conditions

lcau'inym Tilt:y stat-mctode—if meTessary, all infor-
mation relating to the store in question and to the
nature of the product stored.
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