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Abstract 

The paper draws on experience within the Australian grain industry to review the state-of-the an in 
relation to the design and specification of pasttght storages, concentnting principally on its 
application to the storage OF grain in bulk. 

Problems associated with sealing different types of storages are discussed and comrnonlv used 
sealing materials and methods are reviewed. The paper also covers in some detail points which 
should he considered when preparing specifications; for sealing work, including types of contract 
and the selection and specification of sealing materials. The paper draws attention to current 
deficiencies in test standards and acceptance cr~reria for many commonly used coatings. 

l'he paper also reviews current gastightness testing procedures and commonly used methods of 
air leak de[ection. 

SINCE the inception of gastight storages for 
fumigation treatment of grain in the 1960s, the 
art of gas-sealing has evolved into a well 
controlled 'science', and it is now almost 
standard practice in Australia for new storages 
to be built to gastightness specifications. 
Significant efforts have also been made to seal 
numerous older storages in order to gain the 
benefits, both financial and operational, that 
sealed storages can offer. 

The cost of gas-sealing new storages need not 
be high if the design is detailed to facilitate 
sealing. In fact, for some types of structures the 
cost can be negligible. The cost of retro-sealing 
older structures not designed for gas-sealing 
can, however. be significant. In both cases, the 
cost of sealing will be largely dependent on the 
detaiIed design of the stornge structure while 
the success of the sealing will be dependent to 
a Iarge extent on  the appropriateness of the 
specification relating to its application 

This paper concentrates on design details for 
new structures that facilitate sealing, and on 
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appropriate materials and specifications for 
achieving satisfactory sealing of both nenr and 
old structures. 

Sealable Storage Types 

Virtually any type of grain storage can be 
made gastight. As noted in other papers in 
these proceedings, bag stacks are routinelv 
gas-sealed in China and some Southeast Asian 
countries by fully envetoping them in 
polythene sheets which are carefully sealed a t  
all joints either by heat welding or by 
mechailical fastening (Fig. 1). 

Bulk storages can be similarly sealed; for 
instance as is commonly practiced in Australia 
where hulk grain in bunker storages is 
encapsutated within reinforced PVC or 
polyethylene covers which are mechanically 
seaIed together at joints and around the 
periphery. 

With permanent bulk storages it is necessary 
to seal the storage structure itself. Almost any 
storage structure can I,e sealed, the cost 
depending to a large extent on rhe type of 
struchlre and its design detail. 



Fig. 1. Sealed bag stack (China 1986) 

In Australia, grain storages are normally 
constnicted from either concrete or steel. 
Vertical silos and horizontal sheds built from 
these materials are routinely sealed for 
fumigation. There has been little work done in 
the sealing of timber or mason? storages which 
are rdrely found in Australia. There is, however, 
little doubt that the materials and methods that 
have been developed for sealing steel and 
concrete structures could equally well be used 
for sealing timber and masonry storages. 

Design of New Storages for Ease 
of Sealing 

This section covers design aspecrs for new 
storage stnlctures ro F~cilitate sealing. Section 4 
looks 2t the clesign of cloors and other 
apernlres to fac~litate roudne sealing for 
fumigation. 

Reinforced Concrete Silos 

20 years and most have retained their 
gastightness throughout prolonged usage. A 
good example is a group of twelve 2600-tonne 
bins built in Brisbane, Queensland in 1948 
which have been filled and empriecl on  average 
around 25 times per year or, say, a total of 500 
times to dare. The bins are of reinforced 
concrete slip Form construction, with cast-in- 
place conical concrete floors and roofs. They 
have retained a high standard of gastightness 
without the need for anv surface coating or 
treatrnent.Indeed, this applies to all of the 150 
or so concrete silos, varying from 1000-7000 
tonnes capaciry. that have been built in 
Queensland over the last 20 years (Newman 
1 987). 

The following basic principles were 
established in Queensland for the achievement 
of gastightness in reinforced concrete silos: 

Bins should be independent rather than 
interconnected (Fig. 3). Interconnection of blns 
results in nonuniform expansion of the walls 
which can cause vertical cracking. Fitting of 
gastight roofs to interconnected bins is also 
much more difficult. It can be added that 
independent bins are easier and generally less 
costly to build than interconnected ones. 

Gastight concrete silos (Fig. 2 )  have been Fig. 2. Cast~ght crjncrsrt. \rlo. ,ir Plnk~nh,! .  
rotitinelv constructed In Australia over the last Quctenslnnd. ~uitrnlla 
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Fig. 3. Independent silos are easier to make gastighr than interconnected bins. 

*Sufficient reinforcing steel must be 
incorporated into the bin walls. Tensile stresses 
in the horizontal reinforcement should not 
exceed 135 MPa under peak pressures 
(normallv during otltloading). Higher stresses 
should not be permitted even if high strength 
steels are used, since cracks will become 
unacceptably wide. Single reinforcement (i.e. a 
single mat of horizontal and vertical 
reinforcement) centrally placed has proven 
satisfactory in bins of up to 3000 lonnes 
capacity. Nevertheless, double reinforcement 
(separate mats adjacent to each face) results in 
a very significant increase in wall stiffness, 
ensuring greater resilience against uneven 
loading. Double reinforcement is to be strongly 
recommended in new constructions, especially 
in silos of over 3000 tonnes capacity or in silos 
which are to be eccentrically loaded or 
unloaded. Typical features of gastight concrete 
silos are illustrated in Figure 4. 

High standards of quality control and 
supervision during constnlction are essential to 
ensure that: 
- placement of reinforcing steel is correct; 
- thc specified cement content is used in the 

concrete; 
-maximum waterxement ratio is not 

exceeded (0.55 recommended for most 
environments); 

-'co!cl' joints do  not occur during 
construction or, if they do, rhac they are 
properly cleaned and treated to ensure a 
good bond; 

- concrete temperature is controlled before 
and after pouring; 

- curing of the concrete surfaces is properly 
carried out; and 

- good construction practices are ri~orously 
followed. 

The effects of eccentric filling and emptying 
of a silo should not he under-estimated. 
Off-centre emptying in particular can create 
major grain pressure differentials around the 
bin circumference (Fig. 5). These can result in 
distortion of the bin wall and thus a risk of 
vertical cracking (Gorenc et al. 1986). 

A detailed discussion of eccentric loadings is 
beyond the scope of this paper. There are, 
however, a few matters that should be attended 
to in order to minimise loss of gastighcness 
when eccentric loading and unioadmg is liable 
to occur. 

Use double reinforcement in the bin wall as 
outlined earlier, to increase resistance to 
distortion and cracking (Wood 1983). 

The bin wall should be rigidly connected to 
the foundation or bottom ring-beam by 
reinforcing steel (Fig. 6) .  This will substantially 
increase the stiffness of the wall and also 
simplify sealing OF the joint. The sea!ing of such 
joints is most readily achieved by a PVC 
water-scop cast inti> the concrete. 

Use of the bin roof as a sriffening member 
will also add significantly to the rigtdity of the 
bin walls. A stiffening member has itself to be 
very rigid, and a concrete roof cast in place is 
likely to be the most appropriate form of 
construction to give adequate stiffness. While 
there are many circumstances in which it is 
cheaper to construct steel or  precast concrete 
roofs for concrete wall silos, a stiffening action 
is harder to achieve by this course and 
consequent rnot'ement of the wall below the 
roof can occur making a gas seal difficult to 
maintain (Fig. 7). 
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Fig. 4. Typical fenwres of a gastight concrere silo. 

In considering sealed concrete silos. the 
potential use of carbon dioxide for grain 
disinfesta~ion needs to be considered: the 
chemical reactivity between this gas and 
concrete can pose both short- and longer term 
problems. Through rhe process of 'carbonation', 
COY converts calcium hydroxlcle in the cement 
matrix to calcium carbonate. This results in a 

potential long-term reduction in corrosion 
protection to reinforcing steel, caused by the 
neutralisadon of the alkaline component of the 
concrete. A very rapid rate of gas 'loss' can also 
occur in a new concrete structure whch is 
exposed to CO , due to the rap~cl uptake of gas 
char can take p 3 ace. Extra CO? must be added 
to make up for this loss and a?ieqnate pressure 



Fig. 5. Grain pressure dfierentials resulting from 
eccentric discharge of a vertical silo. 

relief needs to be provided to guard against 
structural damage resulting from the high 
negative pressures that can occur inside [Ile 
storage as the reaction takes place (Banks and 
McCabe 1988). 

Welded Steel Siios 

Welded steel silos are inherently gastight and 
require no  special design considerations in 
relation to gas sesling. An exception applies to 
silos with concrete floors, where the joint 
between wall and floor has to be made gastight 
(Fig. 8). Such joints usually occur between the 
steel wall and concrete foundation or stub wall 
and can be: sealed wifh a wide variety of 
sealant types. ' h e  choice of sealant may 
depend on  whether or  not movement between 
the steel wall and concrete foundation is to be 
pern-Litted, but either way it is unlikely that an 
adequate seal would prove difficult to achieve. 

Bolted Light Gauge Steel Silos 

Whife heavy gauge bolted steel silos should 
not -present difficulties in sealing, light gauge 
bolted bins have generally not been easy to 

seal and, indeed, until recent times were often 
considered unsealabk due to the amount of 
movement that occurs in the wall joints and at 
bolt fixings during filling and emptying. 

Recent development work in -4uscralia has 
resulted in designs for light gauge steel silos 
that can be sealed to a high level of 
gastightness. One design uses adhesive cellular 
foam sealing strips as gaskets between the 
corrugated steel sheets forming the walls. Also, 
special fabric-reinforced washers that remain 
siable under high compressive forces are used 
under all bolt heads thereby sealing the boIt 
holes. 

The conical roof of this type of structure also 
differs from most standard light gauge bins; a 
rigid framework of radial beams (rafters) 
supports light gauge steel roofing segments. 
Excessive movement of the roof sheeting is 
thus prevented, allowing joint sealants to 
remain intact and effecrive. 

Another form of light gauge bolted steel silo 
that has been successfully gas sealed 
incorporates a light-weight skeletal frame onto 
which the internal walls and exrernal roof 
sheeting are attached (Fig. 9). Despite the large 
number of laps, joints, fastenings, and complex 
interfaces, silos such as these can be made 
gastight provided care and attention is given to 
detail during design and construction. 

Horizontal Sheds and Similar Structures 

Horizontal bulk-storage sheds in Australia are 
usually steel-framed with corrugated steel 
sheeting forming the walls and roof, although 
the load-bearing walls arc sometimes made of 
concrete. 

Sealing of such structures is made easier if the 
design is carefully detailed to facilitate the 
application of sealants. 

I;lc PVC VhTER-STCP , ,  b ,  11 ( 

Fig. 6.  Detail of typical rigid connections at the top and bottom of a concrete silo waI1. Note PVC water stop 
in gas sealing joint. 



Fig. 7. Example o l  loss of seal caused by eccentric discharge through side chutes in concrete silos. 

Principle design requirements are as follows: 
Gaps between sections of sheering (e.g. 

between roof and wal: sheeting) should be 
kept to a minimum and bridged with steel 
flashings. 

Deflections under load (either from grain 
load, wind-load, or  static alr pressure 
differentials! should be kept to a minimum by 
good structural dosign and by use of adequate 
hstenings for attaching and joining the wall or 
roof sheeting to the structural framework. The 
number of fastenings may exceed that required 
to resist nonnal wind loads. 

Regardless of the care a des~gner takes, many 
of the joints in such structures will need 
sealing. In particular, joints will occur between 
corrugated sheets where they overlap either at 
their sides or ends. Gaps ar~ll also occur 
wherever corrugated sheers are attachecl co flar 
luncormgated) structural members or  flashinas. 
However, sealing of such joints or gaps is nor 
difficult, though the work has to be done with 
great thoroughness. 

Preformed foam 'corrugation closures' are 
available for mosr standard corrugation profiles. 
though an application of sealant coating over 

F7XEIIVUBASE: SCaOIHKj v u  BASE 
Fig. 8. Typical connections herween walls and footings of steel silos. 
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them is still necessaw to ensure gastightness 
Alrernativelv. sprayed pnlyureth;~ne Foam (Fig 
lo? is often appl~ed to bridge over corrugation 
gap.;, though once again a senlant coatrng is 
normally applied over the top. 

Sealing of laps hemec-n corru~nted sheets can 
bc done in n nurnber of ways. These include: 

BLpplying silicone senlant insicle each joint as 
thc slleers are set in place and lised together. 
Since silicone 'sers' relatively quickly, successfr~l 
implernentation o f  rliis method requires 
conscientious roof shecters working under 
close supervision. 

Injecting acrylic sealant p:~inr into the ioints 
after placement of the sheets. To be effective, 
this method requires releasing the fixings to 
inject the sea!anr into the joints and  refixing 
agairt immediately afterwards. 

Applying silicone sealant o r  sealar~t coating 
ex~ernally over the joints. 

Applying a preformed cellular fcmm sealing 
strip between sheets before thev are fised. To 
be effective this recluires extra hstenings to 
ensure that the foam gasket is maintained in 
compression along the ful1 len,qh of the joint. 

It is not uncomnlon for n combination of these 
treatments to be applied; for instance, lap joints 
may be exrern;~lly coarecl with acrylic sealant 
after being prc-sealed with silicone or foam 
sealing strips. 

Particular care needs to be taken ar the 
interface between roof and walls of such 
structures. Whilst side laps between sheers may 
be sealed to prevent sas  passing through them. 
the sealant will not normally prevent gas 
passing along them. If this leakage path is not 
interrupted at the wall/roof interface, such 
joints will farm 'tunnels' for gas to leak from 
(Fig. 1lfa)S. It is thus important t o  seal across 
thu fuIl width of all lap joints at ruof!wall 
interfaces and to provide continuity between 
these seals and the seal between the roof and 
wall. A similar situation occurs at ridge 
cappings which require blockins off at their 
ends (Fig. I l(:h)). 

Pressure Venting 

It is important to recognise that a ga5tight 
structure will be subiec~ ro internal variations in 
pressure relative to that of the external 
atn~osphere. Pressure ciilfcrentials can arise 
from a number cjf causes; f instance, 
variations in atmospheric pressure, wind effecrs, 
and air displacemenr during filling or emptying 
of the stomgc. 

Adequate pressure-relief venting of a sealed 
.storage is essential to avoid excessive pressure 
differentials that might cause structural damage. 
Vents must be large enough to allow air to pass 
into or ou t  of the structure ar a rapid enough 



Fig. 10. This Figure illustrr~tes the application OF polyurethane foam for sealing the joint between the concrete 
n;:lil and corrugated steel roof of n squat silo. 

Ki te  to control internal pressures. They must be 
clesigned (or  adjusted) to operate at positive 
ancl negative pressure differentials below the 
critical values which cnuld cause structural 
clamage (specifications for venti1:ltors are clis- 
ct~ssecl later in this paper). 

White Painting 

While pressure yenring is essential for 
structural safetv, it conflicts with gastightness 
requirements. It is thus [mportant to take steps 
to minirnise the amount of air movement into 
and out of the storape enclosure. X'hite 
painting of the outer surfaces of steei clad 
structures has a dramatic effect in reducing 
temperature chnnges inside. In sunny 
conditions, the ~nternal rempenture of a white 
p:linted steel clad stntcture can Ile some 10QC 
lower rhan inside an  unpainted galvanised steel 
structure, while the surface temperature of the 
steel may he 30°400C lower. Such a 

temperature reduction will significantly reduce 
the amount of air displaced through thermal 
expansion. Similarly, radixion losses during 
darkness will be reduced from a whice painted 
structure, minimising air intake from contraction 
of the internal atmosphere. 

Because of the thickness of concrete section5 
used and rheir relatively Ion! thermal 
conductivity, white painting of concrete 
structures is not normally necessary 

Detail Design of Openings 

I t  is important that the various openings fitted 
to grain storage structures be designed to 
facilitate sealing to specified levels of 
gastightness. 

Openings for Personnel Access 

For ease of access. manholes should be 
hinged openings with doors char are both rigid 



Fig. 11. ( 2 )  Locnt~on of n potential qas leakage padl 
along sheerfng Inps. (b) Seating under ridge capping. 
Note that sides of capping are sealed wirh siliconc. 

and light (Fig. 12). Kigiclitv is desirable since it 
minimises the number of fixings required to 
seal the closed door against 3 gasket. 

Access doors that are not subject to grain 
pressure normally open outwards, while those 
that are should open inwards so  [hat they cannot 
be opened accidently when the storage contains 
grain. The grain pressilre will also asslst in 
holding the door against the sealing gasket. 

A combination of lightness and rigidiv can 
r~sually be achieved by cise of relativeiy light 
plate to form ttre door itself and stiffening its 
perimeter by attaching flanges or  stiffeners.The 
gaskets used should be capable of sealing the 

door without Further application of silicone type 
sealant. Appropriate gasket materials are dis- 
cussed later, under specifications for gasrighr 
sealing. 

Machinery Access Doors 

Access may be required for machinery or 
equipment, pafliculariy into flat-bottom silos. 
Such openings are generally larger than those 
for personnel and may have to accommodate 
large machinery such as front-end loaders (Fig. 
13). The doors normally open outwards since it 
is often necessary to drain residual grain from 
inside before gaining entry. 

Sealing of machinery access doors can usually 
be achieved with an appropriate gasket. 
Clamping Forces will need to be high if the 
door is subjected to grain pressures, multiple 
bolt fastenings around the perimeter usuaIly 
being needed. SeaIing effort can be reduced (as 
can the weight of the door) if grain pressure is 
carried by either an internal load bearing door 
or removable louvres. 

Grain I d e t  Chutes 

It is normal practice for gas-sealing of inlets 
and discharge chutes to be carried out 

Fig. 12. (a) ~ ~ ~ i & l  inward-opening manhole subject 
to grain pressure when the silo is loaded. (b) Silo 
roof manhole with outward opening door. 
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Fig. 14. Sealable silo inler chute. 

effective and offers an additional benefit (in 

Fig. 13. Machinery access doors: (a) light door with 
internal louvres; fb) heavy door able to cope with 
grain pressures and wall stresses. 

manually. Kot only is it generally safer, in that 
the fumigator has to ptrvsically check valve 
settings and seals before fum~gating, but it is 
also much less costly than automating. 

Where a grain path is to be sealed, it is 
normal to use a retractable or removable plate, 
which can be withdrawn from the grain stream 
when the chute is in use. A commonly used 
sealing method provides a means of nlanually 
inserting a sealing place (or diaphragm) into the 
chute and compressing it, either with bolts or 
clamps, to rencler i t  gastight. The system 
illustrated in Fig. 14 is extremely cheap and 

some applications) of providing for relative 
movement between the chute and the storage 
stnlcture. 

Grain Discharge Openings 

Gas sealing of gravity-fed discharge chutes 
usually entails use of slide gate to make the seal 
(Fig. 15). This can be done either by jacking the 
valve plate upwards until it seals against the 
discharge chute (the plate being lined with 
rubber to form a gasket), or  by jacking a sealing 
ring down around t h e  outer edge of the valve 
plate. The latter is probably simpler since jacking 
of che valve plate means that ic has to be movecl 
against the grain pressure 

An alternative arrangement is to enclose the 
valve in a gastight enclosure and to fit a separate 
seallng plare below it when requtred. 

Another type of valve which has reportedly 
been used with success is a simple knife gate 
valve a s  used for controlling liquid flows. These 
are manufactured as proprietary items and come 
in a range of sizes, being commonIy available up 
to 600 mm diameter. Manufactured with stainless 
steel components and internal seals, they require 
no secondary sealing mechanisms since the 
autornasically seal when closed. 

Non-gravity discharge by means of a 
conveying device may require either gas-sealing 
of the conveyor itself (Fig. 16(a)) or removal of 
the conveyor to allow sealing to be carried out 
(Fig 16(b)) 

Fans, Ventilators, and Associated 
Equipment 

There is no contradiction in the concept of a 
gastight aerated storage. Aerated storages can 



mounted wirhin the air-stream. Such fans can 
be readily gas-sealed by fitting a sealing plate 
over the inlet opening (Fig. 17(a)). However, 
where phosphine fumigation is proposed it is 
advisable to remove the fan and seal the 
aeration inlet duct, so as to avoid damage to 
the motor windings. 

Centrifugal fans Cusually used for aeraring 
vertical silos) should be fitted with a 
stuffing-box seal where the drive shaft passes 
through the outer casing (Fig. 17(b)). A 
removable blanking plate can be  fitted to rhe 
fan inlet, which should be  flanged to facilitate 
attachment of the plate. 

Aeration ventilator openings should he 
specificaliy designed for ease of sealing with 
flanged ends for attachment of blanking plates 
(Fig. 17Cc)). 

Pressure Refief VahTes 

Oil bath and weighted diaphragm types of 
pressure relief valve are in common use. Both 
remain gastight below their release pressure. 

An oil bath valve consists of a steel chamber 
partly filled with oil and divided by a 
partitioning plate, the bottom of which is 
immersed in the oil (Fig. 18). One side of the 
chamber is vented to armosphere, the other to 
the storage. Air entering or leaving rhe storage 
must pass below the partition and rhrough the 
oil; the pressure at which the passage of air will 
begin in either direction is controlled by the 
depth that the partition is immersed in oil: the 
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readily be made gastight, and gasright storages - 

can also be aerated provided care is taken in 
the design of fans and air vents. F i g  16. Gas sealing of discharge conveyors: (a) 

~ x i a l  fans (commonly used on  horizontal sealing of the conveyor; (b) removable conveyor 
sheds) normally incorporate direct-drive motors w~th sealable access tube 



Fig. 17. Sealing fans a n d  ventilntors: (a) axial Fan; (b) centrifugal fan; ( c )  ventilaror. 

deeper the oil. the greater the pressure 
differential that the valve will sustain. The 
wider the oil bath the greater the airflow race 
which can be pnssed. 

A diaphragm valve consists of a 
counterwerghted sealed diaphragm whrch is 
lifted off its seating at a predetermined pressure 
differentia1 that is adjustable by the mass of 
countemeight (Fig. 19). Proprietary valves are 
available with separate diaphragms for relieving 
positlve and negative pressures. Such devices 
are relatively simple and could be fabricated to 
suit individual needs when proprietary valves 
are unavailab1e or unsuimble. 

There appear to be no guidelines in common 
use for sizing pressure relief valves; however, it 
is suggested thnr a vent area of approximately 
0.1 square n~illimetre for each cubic mewe of 
storage volume should be sufficient to relieve 
pressure differenrials resulting from internal air 
ternqerapre changes of 1°C per hour (0.1 
mm-i'm- hour). A good design guide is 1 
square rnill~rnetre of area per cubic metre of 
storage volume. 

Electrical Fittings 

I t  is important to seal or orherwise protect 
electrical equipment inside or  communicating 
with any storage where phosphine fumigation 
rs to be carried out. Phosphine reacts 
aggressively with copper and will quickly 
destroy electrical components which it comes 
into contact with. 

Retro Sealing of Older Storages 

The previous sections have discussed h e  
design and constniction of new storages in 
order to achieve gastightness. 

Older storages were seldom built with 
gas-sealing in mind and hence they usually 
present much greater difficulties in sealing. 
While it may be technically possible to seal any 
type of storage, costs may become prohibitive 
in same instances. 

Methods and materials used co seal older 
storages are similar to those usecl for sealing 
new ones. However, the amount of sealing 
effort is likely to be greater and strucrur~l 
modifications may be needed; for instance, 
modificatiorls to doors and other openings to 
facilitate sealing, closing up of gaps and 
openings, strengthening structural members, 
and extra fixing of cladding. Once the structure 
is modified, the actual sealing work is generally 
carried out as for a new structure (Woodcock 
1983). 

A method of sealing large door openings 
commonly used in Western Australia ~nvolves 
special light-weight 'sandwich panel' sealing 
doors specially made up to fit the opentng. The 
sandwich panels consist of polystyrene foam 
sheeting reinforced with a Fibreglass skin. The): 
have been found in some situations to be more 
economical than modifying the original door to 
render it gastight The panels are clipped into 
place on the outside of the load-bearing door 
and the edges sealed using a bandage-type seal 
(see subsequent section on  Bandage Seals). 

A very important consideration when sealing 
old structures is to establish the positive and 
negative internal pressures which it is capable 
of safely supporting, ancl to provide pressure 
relief valves accordingly (Ripp 1985). 

There have been a number of publications 
giving detailed descriptions of seallng work on  
individual storages. 
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Since the plastic sealant is resistant to ruphlre, 
seals of this type will tolerate a high degree of 
shearlng movement. Plastic sealants are not, 
however, recommended for non-compressive 
joints since they cannot accommodate tensile 
stresses Also, they often have a tendency to 
become brittle, particularly when exposed to 
sunlight 

AIR MET/EXHAUST 1 
Elastic Adhesive Joint Sealants 

Fig. 18. Oil bath type pressure relief valve. 

Flg. 19. Diaphragm type pressure relief valve 

Sealing Materials 

Such a wide variety of sealing materials are 
available that a full coverage of them is beyond 
the scope of this paper. This paper will discuss 
those material rypes commonly used for storage 
sealing. It should not be assumed that other 
materials not covered in this paper are unsuited 
to the purpose. 

Plastic (Non Elastic) Joint Sealants 

Sealants rn this category include bitumen and 
butyl type mastics. They can be useful as 'pre- 
formed' strips but have been largely superseded 
by other sealant types In recent years 

Such sealants can be  useful in high 
compression joints where uneven surfaces are 
brought together. High compressive stress will 
force the sealanr to flow into gaps ar,d surface 
blemishes io form a seal. A typical application 
is where pre-cast concrete roof panels o r  a 
prefabricated steel roof is placed on top of a 
concrete silo wall (Fig. 20). The surface at the 
top of the wall wilI often be uneven and a 
plastic sealant will 'flow' Into the voids under 
the weight of the roof. The sealant may, 
however, need to be retained with, for 
example, elast~c foam strips, to prevent it 
flowing out of the loint. 

Polysulphide and silicone tvpe sealants fall 
under thls heading. They are particularly useful 
for sealing non-compression joints and, since 
they are applied after the joint is formed, for 
'retro-sealing' compression joints. Such sealants 
are usually applied by caulking gun and need 
to 'cure' for a period of time to develop their 
elastic properties. They need to develop a good 
adhesive bond to the surfaces to which they are 
applied so that they will maintain intimate 
contact with them if tensile or shear stresses 
occu 1. 

Silicone and polysulphide sealants are used 
principally for sealing abutting surfaces 
(concrete to concrete, steel to steel, or steel to 
concrete) and will tolerate some tensile and 
shearing stresses before rupruring. The sealant 
cross-section needs to be carefully controlled to 
maximise the amount of deformation it will 
tolerate, general principles being that the depth 
of sealant should be about half its width and 
that a bond-breaking strip be incorporateci 
under the seal ro ensure that it is bonded only 
at its sides (Figs 21 and 22). 

Modem silicone sealants are generally more 
easiIy applied than polysulphicles. Silicone 
sealant is a 'one-part' pre-packaged ~naterial 

CUKRETE VALL I PLASTIC STRIP SEALANT 

Fig. 20. Typical use of plastic sealant in a 
compressive join[ between a silo roof and wall. 



Fig. 21. Sealants perform better if they are npplied so 
t h s  the seal formed is wider than its depth 

Fig. 22. Sealants perform better i f  nor bonded 
u ndemeath. 

i~sually applied from a cartridge inside a 
caulking gun. Curing is by chemical reaction 
with atmospheric moisture. 

Polysulphides are supplied in two parts 
which have to be thoroughly mixed together on 
site immediately before application. Curing is 
by chemical reaction between the two 
components. Sealant failures resulting from 
inadequate mixing are not uncommon. 

While both silicones and polysulphides types 
have very good bonding properties, very 
careful surface preparation and priming is 
usually necessar). for good bonding to be 
achieved, particularly in the case of 
polysulphides. The latter may also deteriorate 
and become brittle when exposed to the sun 
for extended periods, a defect not generally 
shared by the silicones. 

SlIlcones are available only in 'caulk~ng' 
grade-! e. they must be 'gun applied1- 
whereas 'pouralAel grade polysulphides are 
available for filiing horizonta1 joints Neverthe- 
Iess, polysulphides have been largely 
superseded by stlicones in recent years 
Generally, silicones are much easrer to work 
with (req~l~ring no mixing) and cure more 
quickly and reliably. Silicone sealant 
specifications receive further mention in the 
next section 

AcryLic-Based Sealant Paints 

Of all the various forms of sealants used in 
gas-sealing of storages, acrylic-based sealant 
paints are by far the most important. They can 
be used on  virtually any substrate and adapted 
to seal most types of ioints, cracks, or  other 
potential routes of gas-leakage. In fact, it 
should be possible to seal most scorqes using 
only this type of sealant. 

Sealant paints are generally acrylic-based 
emulsions with a hrgh solids content. They are 
easy to apply, bond well to most surfaces, bridge 
over small cracks, dry and cure quickly, retain 
flexibility and elast~city In the event of subse- 
quent joint movement, and are easy to recoat. 

Acrylic sealant 'coatings' generally contain at 
leasc 509h sollds, either as pure acryllcs (plus 
pigments) or mlxtures of acrylics and other 
plastics such as sryrenes (referred to rts 
copolymers). I-Iigher soltds content coatings 
yield thlcker films, whlle the additlon of 
thivorropes can produce mastic-type sealants 
suitable for caulking wide gaps. 

Acrylic and copolymer sealant coatings can 
be used in a wide range of sealing applications 

including: 

sealing porous surfaces (e.g. concrete, 
masonry, timber, fabric); 

sealing cracks in concrete; 

sealing lap joints in steel cladding; and 

as bandage seals. 

Acrylic sealant coatings are easy to apply and 
are relatively forgiving of poor application 
procedures. Good adhesion can be achieved on 
most surfaces without the use of primers. 
Nevertheless, as with all paints, surface 
preparation is critical to good performance, 
removal of oils, dirt. and loose particles being 
essential before application of the sealant. 

Since they are relatively inert and unaffected 
by ultraviolet light, acrylics can be expected to 
give excellent durability ir, external 
applications. They are also flexible and 
extensible, although some loss of flexibilic); is 
likely to occur due to changes in temperature 
(Llovd 1985). Finally, the): are non-toxic and 
therefore can be used in contact with 
foodstuffs. A later section of this paper- 
Materials Specifications for Sealants-- 
provides further information on ricrylic s e a l ~ n t  
membrane application. 



Polyurethane Sealant Membranes 

Flexible polyurethane is another material with 
potential for storage sealing, although it is 
much more expensive than acrylic compouncts 
and may include toxic components that render 
it unsuitable for applications which place it in 
contact with foodsniffs. 

Flexible polyurethanes clo, however, offer 
exceIlent adhesion and flexibility in external 
applications, and may outperform acrylics in 
terms of bond strength and elongation. This 
type of membrane sealant may therefore find a 
use in critical sealing situations where its good 
adhesion and excellent strength and elongation 
warrant the high cost. 

Bandage Seals 

'Bandages' are used for bridging gaps too wide 
for a sealant coating. They are especially useful 
for sealing joints where a great deal of move- 
ment can occur (Fig. 23). The edg;es of the joint 
are coated with sealant (e-g acrylic) and a cloth 
or fabric 'bandage' is then placed across the joint 
while the sealant coating is still wet. The band- 
age is then painted over with sealant to make ~t 
gastight. Since [he fabric acts mainly as a support 
(or bridge) for the sealant coating, its composi- 
tion is, to some extent, not critical. However, a 
coarsely woven material is preferable to ensure 
good penetration and adhesion of the paint. 
Strength can also be advantageous in some situa- 
tions where there is a risk of mechanical dam- 
age In such cases, glass-fibre or polyester fab- 
rics are conlmonlv used. Where joint movement 
is expected, it shoulcl be accommodated by plac- 
ing a concertina-type fold in the part of the 
bnndage over the joint. 

Acrylic sealant coatings are usually employed 
to coat bandage seals nf this type, hut an 
alternative is to use a preformed PVC 
membrane bonded to each side of the joint 
with an epoxy type adhesive. Such a seal will 
give excellent and reliable results but is 
relacivel~. difficult to zipply, often requiring 
specialist applicators. 

Sprayed Rigid Polyurethane Foam 

Where very large aperrures require sealing, it 
is usual to close [hem with some form of 
bridging before sealing. Timber, galvanised 
iron, and morrar are often used for this 
purpose, as are fxtndages as clescribed above. 

Polyurethane foam is a very usehrl material 
for bridging gaps, particularly where access is 
difficult or where the joint is irregular and 
difficult to close. The material is formed from 
two liquid components which, when mixed 
together, expand to 2&30 times their original 
volume by the rapid development of the 
cellular foam structure. The foam then hardens 
ro become a relatively strong and rigid 
structure. It also bonds extremely well to most 
surfaces provided they are properly cleaned 
and dried. Porous surfaces may need priming 
or pre-sealing (Anon. 1987). 

Application is usuallv by spray (the two 
components being mixed together in the spray 
nozzle), but it is not uncommon for the liquid 
mixture (suitably retarded) to be poured into 
joints or caviries where access is difficult. These 
then become filled as the foam expands. 

SlLO RCICf 

BETVfEN R lOF  AND VACL 

Fig. 23. Joint sealing (upper) ant! crack scaiing 
(lower), typical applications of bandage seals. 



polyurethane foam is widely usecl ns a heat 
insulation material; for instance on  steel roofs. 

can also be used to seal and strengthen badly 
corroded roofs. I t s  principal role in grain 
storage sealing is however, nor as insulation, 
hc!t as a 'bridging' medium. Further information 
on its use is given under Spee~cat ions  for 
  as tight S e a h p .  

Gasket Materials 

Gasket seals are required to perform s o  great 
a range of functions that it is not possible to 
describe all suitable materials. Generally, rhey 
need to combine gooc! elasticity with sufficient 
rigidity to acconlmodate unevenness In the 
surfaces being joined. Gasket material 
specifications are discussed briefly under 
Specifications for Gastight Sealing. 

because of poor workmanship or  the client's as 
a result of inappropriate specification. 
Uncertainty and dispute is then almost 
inevitable in the event of failure to meet the 
specified performance. 

A performance specification dues noL, 
however, assign all risks to the contractor. 
Some risks will always remain with the client, 
inclitding the following: 

The contractor may fail to achieve the 
specified standard and back down on the 
contract. This is best avoided by engaging a 
reputable contractor w i ~ h  proven 
competence. 

* The contractor may use poor quality materials 
or poor sealing methods. While these may 
achieve the specified test standards, they nlav 
also have poor durability ancl subsequently 
fail in service. 

Specifications for Gastight Sealing The storage enclosure may have defects 
affecting its ability to be sealed. If the storage 

Whether gas-sealing is to be undertaken by a 
contractor or on-site labour, and whether it is to 
be carried our on a new or old structure, the 
level of gastightness to be achieved needs to be 
specifiecl. This section looks primarily at the 
specifications applicable to gas-sealine; work by 
contract. Material specifications are also 
discussed. 

Specif'ication for Sealing Contracts 

In drawing u p  a sealing contract the f~rst 
choice to be made is whether to seek a 
performance specification or to specify the 
precise sealing methods to be adopted. Current 
practice in Australia .is almost universally to use 
performance specifications, since the onus is 
then clearly placed on the contractor to achieve 
the required depree of gastighcness. Such a 
specificatron nomaily states the criteria for 
acceptance of rhe degree of seal achieved 
(usually bv means of a 'pressure-decay test') 
and the contractcr is allowed to undertake the 
work in any way he chooses The onus is thus 
transferred almost wholl\t to the contractor to 
achieve the desired result and the 'risk' is 
carried by him. 

The alternative-specification of materials and 
sealing methods to be used-leaves a high 
level of uncertainty as to which party carries 
the risk. If the specified seal is not achieved, it 
may be either the contractor's responsibility 

sealing is part of a 'design and construct' 
contract package, r he responsibtliry will be 
with the contractor to overcome such 
difficulties. If the sealing concractor is not 
responsible For structunl adequacy of the 
enclosure, then contractual complications will 
arise if structural problems (e.g. excessive 
deflections under test pressure differentials) 
make sealing difficult. 
Contractual difficulties are best avoided by 

unequivocal definition in the contract 
docu-ments of where responsibilities for risk are 
to lie. Clients should recognise that they should 
not expect to get something for nothing, and 
that they should expect to pay for what they 
get. Quality seldom comes cheap and the 
lowest price is not necessaril!' the best. If the 
client wants the contractor to carry risk, then 
this should be reflecred in the contractor's 
price. If not, then the client must be prepared 
to pay for problems beyond the control of the 
contractor. Documentation shoirld be drafted s o  
as to anticipate. where possible, the problems 
chat may arise, and to define cost responsibility 
as clearly as possible for every siruation. 

In essence, the most appropriate specifics tion 
for most storage seal~ng contracts should 
incorporate a performance-based objective for 
the contractor, where the degree of seal thar 
must be achieved 1s clearly defined, as are the 
acceptance criteria. 

A performance-based specification automati- 



cally precludes the use of' a method based spec- 
ification. A client cannot tell a contractor pre- 
cisely how to do  the work and then hold the 
contractor responsible for rhe outcome. A per- 
formance-based specification thus removes 
some of the client's oppoa~n i ty  to control the 
quality of the work as it is progressed. 

There are various means of overcoming this 
problem: 
* Quality standards for materials that can be 

used on the job (allowing the contractor to 
select conforrning materials of his choice) can 
be specified. 
Alternatively, the contractor may be required 
to submit for approval, at the tender stage, 
full details of all materials he proposes to use. 
In addition, the contractor should be required 
to submit for approval at the tender stage full 
details of the sealing methods and procedures 
that he DrODOSeS to use. 

thoroughly investigated, and client references 
carefully followed up. 

MatetiaI Specifications far Sealants 

As discussed earlier, minimum quality 
standards should be specified for sealing 
materials and methods of application. The 
following sections look at specifications for 
some of the commonly used sealants. 

Acrylic Sealant Coatings 

As noted previously, acrylic sealant coatings 
are by far the most widely used materials for 
grain storage sealing. It is thus important that 
the most appropriate materials be seIected for 
the purpose. 

Desirable properties of sealants to be applied 
externally include: 

2 L 

In this way, the contractor chooses Ilis own non toxicity 

materials and methods and thus retains full ' ease of application in a single CoAr. 
responsibility for performance. At the same durabiliw 
time he makes :t commitment at che time of 
tendering as to the materials, procedures, and 
methods which he intends to adopt, thus giving 
the client the opportunity to asscass the qualiry 
of the proposal before awarding the contract, 
and to rnonltor (and to some extent control) the 
quality of the work as it is undertaken. 

A warranty period should also be clearly 
defined, spelling out the guarantees as to 
performance that are to be provideci by the 
contractor. Often a 5-year warranty is specified 
which requires an annual gasrightness test by 
the contractor and repair of any leaks that are 
found. 

A properly drzfced (and preferably a 
standardised) set of General Conditions of 
Contract should be used, clearly defining how 
the contract is to be administered and where 
contractual responsibilities lie. Standard 
Conditions of Contract are often available from 
national 'Standards' organisations and 
government departmenrs [e.g. Australran 
Standard AS 2124 (Anon. 1986) or the 
(Australian) National Public Works Committee's 
(NPWC) Conditions of Concractl. 

Finaliy, it should he ernphasised most 
strongly that the choice of contractor is of 
paramount importance in achieving successlul 
results. It is strongly recommended that the past 
performance of a prospecrive contractor be 

gap-bridging ability 
good adhesion to a variety of surfaces 
relative impermeability 
flexibilitv over a wide temperature range 
extensibility over a wide temperature range 
high tensile strength 
low shrinkqge 
For internal application, the Illowing 

additional properties are important: 
abrasion resistance if in contact with moving 

grain 
surface hardness . 

suitability for contact with fooclstuffs 
non-reactiviry with Fumigants such as methyl 

bromide, phosphine and CO, - 
In Australia, at least, there are no clearly 

definable test standards for sealants and there 
does appear to be a clear need for the 
formulation of more precise testing procedures, 
and perfomlance criteria hasecl on these tesLs, 
to allow compamtive testing of sealant coating 
materials to be systematicaIlv undertaken. Tt is 
beyond the scope of this paper to discuss in 
detail what miaht be appropriate test methods 
and performalice criteria. However, the 
following brief comments are included to 
highlight the needs and problems. 



To-~icily In Australia, most commonly used 
pairit coatings have a 'GPC' approval issued by 
the Government Painr Committee. Such 
:Ipprovals imply that a Material Safety Data 
Sheet (MSDS) for the paint product has been 
checked for currently known harmful chemicals 
as listed by the U.S. Food and Drug 
Administration (FDA) and other regulatory and 
testing agencies. Thus, in genenl ,  approved 
painr. d o  not contain toxic compounds and all 
acrylic coatings with GPC approvals can be 
assumed to contain nu known harmful 
chemicals. 

When specifying coatings, it is strongly 
recommended that a Material Safety Data Sheet 
or similar information be checked for any 
sealant which is to come into contact with 
grain. 

Dtimhilig. Pt is inappropriate to specify a 
Ievel of durability since it is always difficult to 
determine and must ultimately be assessed by 
field performance. Accelemted Ln' testing could 
provide an indication of C !  susceptibility. The 
Western Austra11:in grain handling authoriry's 
test procedure, for example, involves 2000 
hours exposure to mercuv discharge. 
Co~~densat ion testing (AS1580 452.1) (Anon. 
1981a) and salt spray testing (AS1580 452.2) 
(Anon. 1981 b) could give comparative 
indications of susceptibi1itv to moist~lre etc. It 
should be noted that most acrylic type sealant 
coatings have no corrosion inhibitors ancl 
seldom offer good corrosion protection o n  their 
own (without primer). 

Grip-hn'cfRzng Ahtlip. This is an imponant 
property fro111 an  applicator's polnt of view and 
one which can affect the cost of applying 
sealant coatings. -4n implied requirement of the 
existing 'stafidards' in Australia is tha! coatings 
should be able to bridge 1.5 mm gaps. Since 
most coatings will meet this requirement a need 
exists for 'comparative' test~ng of coatings. 
While no standard test is currently in use, i t  
may be possible to assess performance in this 
respect by coatinq a sheet of etched galvanised 
steel punched with holes of varying diameters. 
Bridging ability could be measured by the 
maximum diameter hole which will be covered 
over by a film of specifiecl thickness. 

E/on,gation or Strnin. Strain is defined as the  
ratio between the change in length and the 
original length, i.e. 

Strerchecl Lertgrh - Unsrsetchecl Lens11 
Str.~in = 

IJnstretched Length 

This is a very important property for an  
elastic sealant. Values of 300, 500, and even 
700% are often quoted bv manufaaurers, hut ir  
should be recognised that such figures are 
obtained using narrow test strips that are free to 
contract laterally as they are stretched. Were 
this contraction to be inhibited, the ultimate 
strain figures would reduce significantly 

When applied to a sealed joint, the coating is 
usually equivalent to a very wide and shon test 
sample that is incapable of significant change in 
width as a result of elongation. It is suggested 
that a standardised test should reflect this fact, 
utilising perhaps a 50 mm wide test sample 
clamped 5 mm apart The results should give a 
more faccual interpretation of the ability of a 
material to accommodate joint movements. 

Tensile Srrength a n d  Adhesion. The test 
suggested above to measure elongation should 
also yield a realistic figure for tensile strength 
(Fig. 24). Strength, however, is not in ~rseli a 
particularly important property and is relevant 
only in relation to adhesion or bond-strength. 

The relationship is important in situations 
where unexpected movemenc occurs as, for 
instance, where a new crack occurs in a 
concrete surface underneath a sealant coating. 
If the coating bond is very high, such that 
adhesion is maintained almost to the edges of 
the new crack, then the unstretched length is 
close to the initial crack width which is zero. 
Thus the strain tends towards 'infiniry' and 
tensile failure is ~nevitable (Fig. 25). 

Where adhesion is weaker in relation to 
tensile strength, progressive bond failure will 
occur at the edges of the crack thus increasinq 
the effective unstretched length. Srrain in the 
coating is thus reduced and tensile failure less 
likely to occur. 

Coating adhesion is highly dependent on the 
nature of the surface being coated. It is also of 
particular relevance to coating performance 
when applied to brittle substraces such as 
concrete, which itself is a highly variable 
material not least in terns of its surface 
quaIities. It is thus harcl to enleisage 3 

standardised test which will reliably indicare the 
performance of a coating in all circumstances. 

Vevertheless, it is suggested that a srmple test 
providing good comparative indications of 



/ 
TEST SAMPLE OF SEALANT COATING 

TENSIUNING CLAMP TEST SAMPLE 

LONG THIN TEST SAMPLE 
CUNTRACTS LATERALLY AS I T  STRETCHES 

Fig. 24. Methods of testing tensile strength of sealant coatings 

SUGGESTED TEST METHOD 
SHORT VIDE TEST SAHPLE 

performance could be devised by using a 50 
mm wide strip of standard grade glass paper to 
represent a standard surface texture (Fig. 26). 
This could be precut before being coated with 
a nominated thickness of the sealant coating. 
Tensile testing of the cured sample would 
provide a retationship hemeen stress and strain 
and, in particular, should give guidance a s  to 
loss of adhesion that takes place prior to 
failure. It should indicate the coating's potential 
performance when used for sealing concrete 
surfaces subject to cracking and movement. The 
current criterion for this property set by CSLRO 
in Australia stipulates that a '10@/o extension of 
a 0.3 rnm wide crack should be withstood 
without failure'. 

Abrasion Resistntzce and Adhesion. While 
good adhesion is potentially a negative attribute 
in ihe circumstances just dealt with, it  is, o n  the 
other hand, essential in the context of ensuring 
that the coating wil! not fail off or becoming 
detached as a result. for example, of air 
pressure differentials across it. In abrasive 
situations, such as the internal surfaces of bins, 
good adhesion becomes of even grearer 
importance. 

Some acrylic based sealants are specifically 
formulated to improve abrasion resistance, but 
there appear to t no established test 

procedures to assess performance. There are, 
however, a number sf procedures which could 
be developed into a standard tesc method; for 
instance, the loss of coating (by weight) from a 
disc of prepared substrate (e.g. graded 
sandpaper or etched galvanised steel) could be 
measured after it has rotated a certain number 
of times in conract with grain. Alternatively, a 
'tumbler' type of apparatus could be used to 
compare abrasion resistance. 

No quantitative standards have yet been set. 

SurJace Ftl'ction. Surface friction is a n  
important property in circumstances where the 
incemal wall surface of a silo is to be coated, as 
may be the case when interconnected concrete 
silos are to be sealed. The forces exerted by the 
grain mass on the walls of a silo are directly 
reiated to the wall surface roughness and, in 
general, reducing the friction between the grain 
and the wal! will result in higher horizontal 
grain pressures and higher wall tension stresses. 

If a coating is to be applied to the internal 
walls of a silo, ic is important to know what 
effects it will have on grain pressures (Banks 
1984). The Western -Australian grain handl~ng 
authority assesses this coating property using a 
standard 'pencil hardness' test (AS 1580405.1! 
(Anon. 1 978). It is questionable, however, 
whether such a test is reliable in determining 

Fig. 25. Diagrams showing how sealant coatings bridge cracks better if their adhesion fails. 



TEST S M f U  - GLASS PAPER ml "ITRATE CUh" "lW EMANf 

GLASS-PAPER PRECUT TO 1 
REPL~CATE NEVLY FORWED 

CRACK IN SUBSTRATE 

1 -  
CLAMP 

~ i g .  26. Suggested m c t h d  for testing tensile 
5trcngth/adhesion of .;urface coatings. 

the effects of a coating on the friction angle 
herween grain and a silo wall and it is s[rongly 
recornmended that an  accurate determination of 
the kinematic angle of friction between grain 
and the coating scirface be undertalcen before a 
coating is selecced. 

Flem'bility. The Western Australian grain 
J13ndling authority specifies a bend rest (as per 
AS 1580-402.1) (Anon. 1981~)  requir~ng 
checking for cracking or detachment of die 
coating as applied to galvanised steel, when 
bent over 2 6 mm diameter mandreI at 2%. 
N o  evidence of cracking in the coaring is 
permirred. 

Permeability. The Western Australian grain 
handling authority's test standards specifv 
permeability testing in accordance with 
American Society for Testing of Materials' E96 
Procedure B. The acceptance criteria are not 
defined. 

While it appears to be the case that 
specifications and acceptance criteria need to 
be better defined for sealant coatings, it should 
be recognised that a number of coating cvpes 
have been successfully used for sealing a 
variety of storages. The Western Australian 
grain handling authoriv has had more 
experience with these coatings than any other 
grain industry group, and has conducred its 
own comparative testing of numerous products. 
It has also developed an extensive weathering 
and exposure testing site on the roof of one of 
its large horizontal grain storages, ~vhzre several 
coating suppliers have applied their coatings 
side-bv-side with those of their competitors. 

Specijicn tions for Gaskets 

A gasket material needs to be: 

rigid enough to withstand the compressive 
Forces applied to it; 

elastic enough to deform ancI conform to any 
unevenness in the surfaces being ioined; . resilient, i.e. reverts to its original shape 
when released from a deforming force; 
durable and chemically resistant; and 
gastight under moderate compressive scress. 

Solid materials ( e . ~  ntbber) will usually best 
suit situations where contact pressures are high. 
Rubber hardness should be specified by 
Shore-A or 'Duro' hardness, 40 or less 
indicating a soh rubber suited to forming 
gaskets. 

Where contact pressures are low, ceIZular or 
foam gaskets are more appropriate. A number 
of types are available, including rubber. 
polyurethane, PVC, and polyerhylene, Unlike 
polyurethane flexible foams, which are ~isually 
open-cell, polyethylene and PVC foams have 
the advantage of being quite inert and having a 
closed-cell structure, making them inherently 
gastight and non-absorbent. They are also 
available in a wide range of hardness. PVC 
foams are generally softer and more resilient 
than polyethylenes and may offer better sealing 
performance on lighter weight doors and 
closures. 

Trial and error may sometimes be the best 
approach to selecting the most suitable material 
for a particular applica~ion. 

Silicone Sealant Spec fications 

The term 'silicone sealant' defines a range of 
products that are very widely used throughout 
the building industry. It is surprising therefore 
that there are few industry 'standard.;' against 
which material qualities can be assessed. 

I t  is important to recognise that there are 
different type of silicone sealants. Some, for 
example, bond better to steel and others to 
concrete, and some have better elongation 
properties than others and are more suited to 
sealing joints that accommodate movement. 
ImportantIv, some silicones release acicls as 
they cure rendering them unsuited for use in 
contact with steel or concrete; 'neutra\-cure' 
sealanrs should be specified for such purposes 

In view of the absence of general indusrry 
standards for silicone sealants. and the 
relatively srnaII usage of the material in the 
gram ~ndustry, it IS common practice ro specib 
a suitable product from a recogn~sed 
manufacturer and to permit [he use of 
'approved equivalents' . 



Sprgyed Rigid Poiyurethane Foam 

Good quality spray polyurethane foam is not 
easy to produce and specifications should call 
for the engagement of an experienced 
appIicator using high quality materials and 
good application equipment. 

The most easily specified and verified 
measure of quality is the foam density, which 
should not be less than 32 kg/rn3 for non traffic 
areas, and 48 kg/m3 where extra rigidity is 
required. 

The specification should require that density 
be rourinelv checked during the spraying 
operation to ensure that quality is being 
maintained. Samples are cut from the workface 
with a sharp knife or sprayed onto a separate 
test panel, and visually inspected before density 
testing. A sample should be taken for at least 
every 200 square metres of coating. Coating 
thickness should also be checked regularly 
using a needle probe. 

The formation of the foam is dependent upon 
the expansion of a refrigerant 'blowing agent', 
the rate of expansion being dependent upon 
the heat of the chemical reactjon which forms 
the polyurethane material. Ambient humidity 
and temperature, and surface temperatures, are 
important factors which can affect the quality of 
the finished product. Special chemical 
formulations should be specified for high and 
low ambient temperatures. 

Polyurethane foams are not weatherproof, 
and they are subject to U/V degradation. When 
applied externally, it is essential to overcoat 
them with an appropriate material to provide 
protection. An acryl~c sealant coating (as 
previously described) is commonly ~ised.  

Gastightness Testing 

General 

In defining a performance specification for 
gas-sealing work, the test procedure and 
acceptance criteria must be clearly specified. 
Appropriate procedures and acceptance criteria 
have long beeil established by the CSlRO in 
Australia and have p i n e d  widespread industry 
acceptance (Banks and Annis 1980). 

The test involves applying a pressure 
differential bemeen the inside and outside of 
the storage enclosure by the development of a 
positive or negative internal pressure, and then 

measuring the 'half-life decay', i.e. the time 
taken for the pressure differential to reduce to 
half its starting value. 

The  acceptance criterion is for a half-life 
decay of not less than 8 minutes for a Full 
struciure or 15 minutes for an empty structure. 
The decay time for partially filled structures can 
be estimated o n  a pro-rara basis. 

Because pressure differentials are affected by 
external factors such as temperature changes, 
wind, and barometric pressure changes, i t  is 
important that accurate testing be carried out 
under stable atmospheric conditions-ideally 
shortly before sunrise. This applies particularly 
to steel structures, which are subiect to rapid 
temperature change from insolation. 

Test Equipment 

Equipment needed for pressure testing 
includes the following: 

A blower or suction unit to generate a 
pressure differential. For structures up to 
around 3000 rn3 capacity, a small hand-held 
blower, o r  vacuum cleaner, will normally 
suffice. For very large structures (or very 
leaky ones) a small axial fan is usually 
necessary to generate a pressure differential 
sufficient to  conduct a test. 
A quick acting valve to isolate the storage 

from the air supply or, where an axial fan is 
used, it is usual to flange-maunt the fan to 
tlie srructure and to clamp a sealing plate 
over the outside of the Fan when the 
specified starting pressure is reached. 
A manometer attached to the structure to 
measure the internal air pressure. For low 
pressure differentials, such as may be applied 
to a horizontal shed structure (say, less than 
250 pa), a n  'inclined' manometer is desirable 
For accurate measurements. For higher 
pressures, such as may be applied to a silo 
structure, a simple U-tube manometer is 
normally sufficient. 

Test Procedw 

The test proceclure is simple. 

I.  Atmospheric conditions are checked for 
stability-iisually intuitively for routlne tests, 
but by measurement for experimental o r  
other critical tests. 



7 Tile blower device is connected to the -. 
s;r t~ct~~re bv suitable means (e.g. flexible 
hose) and then switcl~ecl on. 

3 ,  The pressure differential is ~nonitored and 
once it reaches a value sligl~tly in excess of 
the nominated test pressure. the cut-off valve 
is closed and the bIower switched off. 

-j A timer is started when the pressure 
differential drops to the nominated test 
pressure and stoppecl when the pressure 
reaches half this value. The decay time IS 

recorded. 

Detecting Leaks 

In preparing a specification for pressure 
testing of 3. storage some points to be followed 
3re: 

Specify who is responsible for cond~icting the 
tests. Usually the sealing contractor will 
undertake the initial tests on the empty 
storage but the client may elect to conduct 
the rests when the storage is rull and at the 
end of the warranty period specified in the 
sealing contract. 
Specify that all detectable leaks are to be 
sealed, even when the pressure standard is 
achieved. 
Specify methods of leak detection. To some 
extent: leak detection methods are chosen to 
suit the storage and the type of Fumigant that 
will be used. 
For independent, above-ground storages with 

no interconnecting galleries, it should suffice to 
use leak detection methods based o n  sound 
and a 'soapy wnrer' test. In the latter, a miaure 
of detergent and water is sprayed over the 
storage surface, and leaks are revealed by 
bubbling. 

In some cases (e.g. when testing for leaks 
through the floor of the endosure, or  jistening 
for leaks in the roof) it is often more 
appropriate to apply negative pressure and to 
search for leaks or, the inside the structure. 

Leaks often become evident by inspection 
from inside the structure when application of a 
positive pressure opens paps through which 
daylight can be seen. 

When a storage stnicrure interconnects with 
conveyor galle-ries or adiacent enclosed 
workspaces, the existence of leaks should be 
much more closely investigated even after the 
pressure decay test is successful: a serious 

hazard would be created if any gas leakage 
paths vented into such areas.It is thus essential 
in such circumstances to employ appropriate 
gas monitoring equipment to thoroughly test 
for the presence of gas during the first 
fumigation of the storage. 

Conclusion 

Fumigation is one of the most i n ~ p o ~ a n r  
weapons available in the ongoing war. agalnst 
Insects causing pram losses At the same time, 
ineffective fumigation practice represents 3 

long-term threat to the usefulness of available 
fumigants because of the r ~ s k  of Insect 
resistance developing. The kev to effective 
Fumigation practice is the availability of an 
adequately sealed storage. 

There can be few clrcumstances where the 
cost of sealing new storages to an adequate 
standard of gastighcness cannot be justified. and 
there are few circumstances where adequate 
gastightness cannot he achieved lf appropriate 
design detalllng has been adopted The 
technology is slmple and straightforward and 
requires little more than common sense and 
careful attent~on to detail to ensure that 
satisfactory results are achieved. 
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