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SEAL-O-SILO SYSTEM (METHOD FOR RESTORING AIRTIGHTNESS OF RE IN FORCED CONCRE TE SILOS 
USED FOR STORAGE OF CEREALS) 

H. TAKA DA , T. YOSHIDA, M. NONAKA 

1. INTRODUCTION 

This system, called Seal-a-Silo, was developed for the purpose of repalrlng the 

airtightness of reinforced concrete silos. Advantages of the Seal-O-Silo System 

are as follows. 

High reliability 

This method eliminates omiss ions caused by oversight in conventio na l me t hods . 

As materials and equipments used in this method are standarized, the complete and 

lasting airtightness can easily be realized. 

Rapidity of repair 

While repair work by conventional methods t akes at least 30 days per silo, this 

method takes only 10 to 14 days. 

High degree of safety 

The degree of safety during repair work is extremly high since the silo inter io r 

requires little human labor due to the use of specially designed equipment. 

2. THE NEED FOR IMPROVEMENT OF SILO AIRTIGHTNESS 

2.1 STANDARDS FOR AIRTIGHTNESS IN JAPAN 

Existing silos in Japan, used for imported food and feed cereals, are estima t ed 

to have the total capacity about four million tons. About 75% of these silos are 

made of rei~forced concrete. 

All imported cereals must be f umigated upon entry to Japa n, under the Pl ant 

Quarantine Law. Fumigation is done in silos wh ich can be sealed, so as to contain 

the fumigant (usually, methyl bromide ) . The Ministry of Ag ri culture and Forestry, 

which is in cnarge of administration of this law, inspects silos and authorizes 

their use for fumigation. Si lo s are required to show a loss, after 48 hours, of no 

more than 30% of the concentration of fumigant, introduced into the silo at 10 mg 

per cubic meter of volume (the si.los wh ich pass are designated as "Grade A" si lo s). 

An expedient means of determin ing whether silos are satisfactorily airtight is 

to raise the internal pressure above normal an d measure the dro p in pressure over 

time. In practice, this is done by raising the pressure to more than 500 mmAq, and 

observing pressure after 20 minutes have passed from the time when the level of 500 

mmAq has been attained. If pressure is 200 mmAq or more, the silo pa sses imspect i on . 
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2.2 	 CAUSES OF CRACKS 

Reinforced concrete silos often develop cracks after havi ng been used for a 

long period, and leak fumigant gas to the extent that they no longer pass inspection 

standards. The following are reasons for this deterioration of performance. 

CD Problems of design, such as fail ure to properly foresee pressure imparted 

to silo walls when the sil Q i s filled and emptied. 

~ Problems arising during construction, such as poor or faulty positioni ng 

Df R-bars or poor placement of concrete. 

Q) 	 Changes in functioning of equipment used to fill and empty silos; 

changes in the equipment used. Both can impart pressures to silo wa l ls in 

excess of those anticipated at the design stage. 

® 	Contraction of concrete due to rirying. Over time, some of the water originally 

used to make concrete is lost. 

CD 	 Deterioration due to the influence of carbon dioxide; some stored grains 


will generate sufficient carbon dioxide as a product of respiration to 


promote neutralization of concrete. 


® 	 Uneven sinking of silos, such as may occur when insufficient study vias made 

prior to constructing a number of silos at one site. 

CD Damage caus ed by earthquakes and other temporary phenomena. 

2.3 	 DISTRIBUTION PATTERNS OF WALL CRACKS 

Distribution pattern of actual silo wall cracks is shown in Fig.l. 
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3. THE SEAL-O-SILO SYSTE~ 

The principle of the Seal-O~Sil os System js that particles of sealant will be 

forced into cracks and pinholes by the combination of a differential in atmospheric 

pressure (a higher pressure ins i de the silo) and micro-turbulence of the atmosphere 

as it moves through cracks and pinholes toward the low-pressure exterior. Sealing 
process of cracks in this system are as follows. 

First air is in t roduced into a silo, to raise the atmospher i c 
o 

o 	 pressure inside the silo and enlarge the cracks in its wall. 
Air wi ll begin to leak out of the cracks and pinholes. The 
sealant in fine powder form (Bintight-P) is sprayed into the 
interior atmosphere, and, borne by air currents, gradually 
enters cracks and pinholes . During this process , micro
turbulence are generated i nside the cracks and t he pinhol es, 
causing the fine powder t o be deposited in the cracks and the 
pinholes. 

Next a liquid sealant (Bintight-Ll) is sprayed. It enters 
cracks and pinholes and reacts with the powder sealant ~eoosit-
ed t here. With the combined effects of capillarity and 
air pressure, formation of a paste gradually forced deeper 
into the cracks and pinholes. 

After the above procedure is repeated for severa l cycles 

(SOS cycles), the airtightness of the silo improves considerably. 

But in this state moisture is present in the cracks and 

pinholes so that as the silo dries and t he moisture evaporates, 

the airtightness level will decrease. To counter this decrease, 

several cycles of the same procedure are re peated on the 

following day. 


Cracks in the wall are always in a dynamic state due to the 
deposition and discharge of grains, the repeatec drying and 
dampening of the silo and so on . To insure complete airtightness 
ami d these dynamic changes , SOS System inc l udes a fi nishi ng 
process in which a special sealant (Bintight-LZ) is forced 
into the cracks and pinholes by the same procedure as above . 
After t hi s procedure, seal ant expan~e~ and restoration 
completed. 

Fig.2. The left side of wall is ins ide to s ilobin, in which 
the atmospheric pressure raised. 
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3.1 COMPARISON OF SEAL-O-SILO SYSTEM AND CONVENTIONAL METHOD 

When cereals is stored after restoration, the silo which is repaired with Seal

O-Silo System hardly develoos cracks again. But the silo which is repaired in 

conventiona l method sometimes develops cracks again. The prinsiple is shown as 
follows. 

During repair After repa irAir pressure 

Fig.3. The dynamic changes of the silo wall and cracks . 

(A) The repair work is carried out after raising the air pressure to expand the 

cracks. As a result, the cr'ack width "c" is greater than the wi dth "a" before 

repair. 

(B) The silo interior is reoaired at normal pressut"e by cu tt i ng crack s i nto a 

U-sha~e or a V-shape, filling the cut with caulking compound and coat i ng over it 

with resin mortar. A.s a re:ult, the crack width ref'lains t'1e same as the wi dth "a" . 

(C) When cereals is stored after restoration, the silo wall expands by a sma ll 

amount. But since the wall has been repaired by increasing the interna l air 

pressure in such a way that the crack width lOb" after the depo s iti on of the grain 

will be smaller than the \'Iidtr'c" during repair, the crack can withstand t his 

expansion. 

(0) When the wall has been repaired at normal pressure, it cannot a lways withs t and 

the expansion caused by cereals storage so that the caulk ing compound becomes 

stretched and the resin mortar somet ime s re-opens . Al so, the res i n mortar can wear 

ou t or peel off after a long peri od of repeated depos i t ion and discha rge of cereals 
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4. HAiERIALS USED IN THE SEAL-O-SILO SYSTEr'1 

4.1 GENERAL CHARACTERISTICS 

Three kinds of materials, Bintight-P, Bintight L-l, and Bin t ight L-2, were 

developed for Seal-a-Silo System. General characteristics of each material s are 

as follows. 

4.1 .1 Characteristics of materials are shown in TABLE, Fi g 4, Fig 5 and Fig 6 

TABLE-l Characteristics of Materials 

Powder characteristics Stre ngth of 

B-P Specific Ratio of surface Particle Lubricant compres s ion Expandibility 
gravity area to welght size (kg/cm2) &Toxic ity 

1---].12 
(cm2/g) (~) 1day II 2days 

6,000 or mo_re 10 Yes 469 I 744 Fiq.3 1ABLE.2 
Specific Coefficient of Surface tension Activity pH Color Penetration 

B-Ll gravi ty visCQsity (cp) (dyne/cm) &Toxicity 
1.0 1.0orless 40.0 or less Anionic 6 None Fig.4,TABLE.2 

Specific Avr.particle Coeffi ci ent of Solids pH Maj or P.ene tra t ion 
B-L 2 gravity I size (p) viscos ity (cp) inqredient &Toxicity 

1.0 
J' 

1.0 or less 10 - 100 20.0% 9 SBR. Fig.5,TABLE.2 
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4.1.2 	 Nontox icity of materials 

Nontoxicity of materials is show~ in TABLE 2. 

TABLE 2 Results of water qual i ty test ------ Water standard (Japan) Bintight-P Bin tight-L l Bi nt igh t-L2 
Order Not out of ordinary None None No ne 
Color 5 degrees or less 0 0 0 
Turbidity 2 degrees or 1 ess 0 0 0 
pH 5.8--8.6 ppm 8.6 5.8 6.0 
Na++ 10 ppm 1.68 0·94 6. 40 
S04- I 200 ppm 5.4 5.4 2.0 

NH4-N Not detected Not detected 

NH2-N as same time Not detected 

NHrN ]0 ppm Not detected 

Free residual chlorime 0 .1 or less ~pm 1.5 2.0 -  -

' 

4.2 RESTORATION OF AIRTIGHTNESS 

As a silo is to be made more airtight by use of the Seal-O-Silo System the 

thickness of the silo wall, interior process pressure, number of SOS cyc les, width 

of cracks, and other factors must be thoroughly studied. 

4.2.1 Wall thickness. and interior process pressure 

The relationship between the area of paste which will penetrate into cracks 

and the thickness of the wall and interior process pressure is shown in Fig. 7 
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4.2.2 	 Nu~ber of 50S cycles 

The relationship between the airtightness of a silo and the number of 50S 

cycles is shown in Fi g. 8 

o....... . Initial airt igh tness 
1-8 ...... No. of 50S cycles 

on first day 

8' . . ..... 	Air tightness before 

second day of 

treatment 

9-11 ..... No. of cycles on 

second day 

(min.) 

Duration from start of measurement of airtightness 

Fig. 8 	 Improvement of airtightness according to n~mbers of treatment 

cycle 

4.2.3 	 Crack width (Kennedy, T.B., ASCE paper,1958) 

When cracks or pinholes are to be filled with a powder, the narrower of crack 

the smaller must be diameter of the powder particles. When the ratio of crack wi dth 

to particle diameter approaches unity, crack mouths will tend to become clogged. 

For particles to penetrate into a crack, it is necessary that the ratio is 3-5 or 
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5. SEAl-O-SILO SYSTEM EQU IPMENTS 
Seal-o-Sil o System consists of t he ai ·r sup ly i n~ un i t , the liqui d controlling, 

supp l ing un i t, and the movement control l er of the top sl ab. Th ese equipments are 
de ; gned for easy assemble and simple ones. The diagram of Seal -a-Si l o Syst em is 
shown in Fig. 10, Fig. 11 and Fig. 12. 

Ti erods 

li quid High pressure 
t reatment fac i lit ies pump 

Fi g. 10 Di agram of 50S equipments 

Fig. 11 Nozzles (interior of silo) Fig. 12 Controllers on the t op s lab 
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6. A ~XAMPLE REPAIR WORK' 
6.1 	 BASIC DATA ON THE IMPROVED SILO 

Structure; Reinforced concrete silo. 

Use; Storage of imported cereals . 

(mostly soybeans, maize, rape) 

Date constructed; 1961-1967. 

Constructor Shimizu C.C . (SCC), Mitsui 

C.C.(MCC ) . Toda C.C.( TCC) 

Scale; See Fig . 13. (*-Nonfumigant s ilo) 

Date repair worked; Dec. 1976-Dec. 1977. 

Number of repaired work bins; 40 bins. 

6.2 	 RESULT & IMPROVEME NT OF AIRTIGHTN ESS 

Result and inprovenent of airti0~tne s s cf 

silos are shOt·;n Fi~. 14, Fi ~ . l!:i. J\ i r ti sht

ness level on longtem is sho\":n in Fi g. 16. 
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6.3 TH E CONTENT OF IMP ROVEME T OF AIRTIGHTNESS 
Ai rt i ghtness of s i l o i improved by rep l acement of metal fi tt i ngs, painting 

with epoxy res in, and 50S trea tment. 

f itt i ngs .. .. 	6mmAg 
6. 9% 

resi n.. .. 38mmAg 16.4% 

area of top s l ab .. 32mmAqJ 
area . ... ... 6mmAq 

of ai rt i , htness _ 232mmAq
ef ect - 100% 

Fi g. 17 The 	 cont ent of i mpro vement of ai r tightness 

6 .4 CONFIRMATION THAT BINT IGHT-P HAD PENETRATED INTO CRACKS 
During the Seal-O -Silo System, Bi ntight-P and 8i ntight-Ll h d been appli ed in 

paste form to cracks, so as to penetrate toward t he outs ide . (see Fig . 19 ) and after 
t he comp letion of process i ng core bor ings were made in the s ilo wall to ascer t'ain 

whether t he compou nds ha d fully penetrated the cracks. Thi s was conf i rmed , verifyir g 

the value of the Seal -O-Si 10 Sys t em . 

Fig. 18 Crack filled wi th Bi nti gh t- P, Fig. 19 Bi ntiqht-P penetrated through 
ve r i fied by a core bor ing. a crJ~k of a si lo wa ll. 
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7 CONCLUS ION 

The airtightness of grain silos is essential in the countries where fumigation 

for all imported cereals in silos is regulated. 

The airtightness (gastightness) of storage silos is also important in the case 

of storing grains with gas for a long time. 

Seal-o-Silo System, a system for improving airtightness of silos, can repair 

old silos in Japan. Their airtightness can well satisfy the Japanese standard. 

Also, for the purpose of holding gastightness to high degree for a long time, 

this system is expected to be applicable. 

In spite of further proceeding with researches and -development of silo airt i ght

ness restoration, it is important to exchange internationally many informations 

about storage of grains. 

We believe firmly that Seal-o-Silo System greatly contribute to food and feed 

problems. 
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