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In the external walls of a reinforced concrete grain silo originally completed in 1967, cracks formed and filtering raimvater
impeded its operation. The load-bearing capacity of the silo proved insufficient, its steel reinforcement needed corrosion protec-
tion and the restoration of its protective cover was deemed necessary. These conditions necessitated thorough repair: After con-
sidering various strengthening techniques, an external shell of wire mesh reinforcement and fibre reinforced shotcrete was se-
lected. In order to control crack formation the silo bins were filled with grain during the aplication of the shotcrete, thus tensile
stress in the external shell was basically eliminated. Finally, a protective laver able to bridge surface cracks was applied, which

also provided the silo with an aesthetic appearance.

Keywords: rainforced concrete siic, strengthening, restoration, shotcrete, fibre reinforcement, corrosion.

1.4 NTRODUCT'ON bins 15 and 16 corresponding to the two stages of construction.

Since it was presumed at the design stage that hairline cracks would

The 800-wagon capacity reinforced concrete grain silo in appear in the bin walls a protective laver was applied on the external
Torokszentmiklés, Hungary, was designed by IPARTERYV, and surface. During the lifting process of the sliding formwork local
it was put into operation in 1967. See Figure 1 for the ground rupture and compaction imperfections were observe_:d at the con-
plan of the silo block which contains 18 circular bins of 5 m struction joint, which were mended during construction.
diameter and an adjoining machine room. The thickness of After some years of operation, vertical cracksf?rm.ed in
the reinforced concrete walls of the bins and the machine tower the bin walls of the silo. Cracks of growing intensity in the
is 14 cm and 16 cm, respectively. lower third of the bin walls allowed pelting rain to pass through
The function of the intenthediate bins is grain storage. These con- the wall into the bins. :
sist of conical reinforced concrete funnels with centric discharge During the nearly 30 years of service of the silo further de-
orifices at the bottom of circular bins. The funnels are supported by fects, horizontal cracks and corrosion of the steel reinforcement
a reinforced concrete circular ring beam supported by columns. At were observed. This necessitated a thorough examination.
the time of construction of the silo block. sliding formwork was The main findings of the diagnostic examination (Herko,
applied and there are construction joints between bins 3 and 4 and 1999) of the reinforced concrete bin walls are as follows:
Fig. 1 Ground plar of the silo Diock {Macning room)
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® The steel reinforcement was 2x@8/25 cm according to
the plan, which was applied ar most locations (but not
everywhere) in the construction.

® The concrete cover on reinforcing bars is insufficient
(15 mm on the average), which lead to scaling and
alligatoring due to corrosion.

@ The protective layer has aged and became brittle, and is
thus in need of reconstruction.

@ There are great variances in the condition of the differ-
ent bin walls: some bins are in satisfactory condition
while others are rather defective and need urgent repair.

@ Concrete strength is generally insufficient (C12 on the
average), concrete quality and density is uneven, and
there are cavities in the concrete.

2. SELECTING A STRENGTHENING
TECHNIQUE

The management of the Alf6ldi Gabonaipari Rt. (Alf6ldi Grain
Industry Corp.) decided to conduct a competition to find the
best method of restoration and strengthening. Competitors
proposed the following strengthening techniques:

a) Attachment of external and internal sreel bands on the

bins, anchored in the interlocking section of bins.

b) Construction of a new. internal reinforced concrete shell.

¢) Construction of an exrernal shell of shotcrete.

d) Mounting carbon fibre sheets on the bin walls.

Techniques a) and b) can be applied to partially strengthen
the silo. i.e. after repairing the bins in the worst condition res-
toration can be scheduled according to financial means.

In the case of an external reinforced concrete shell, it is
difficult to carry out partial strengthening and divide the res-
toration process into stages. This technique features techno-
logical advantages and economic efficiency only if the whole
silo block is restored at the same time.

Having considered all factors, the operator of the silo se-
lected the strengthening technique that applies an external re-
inforced concrete shell, and the EKS-Service Ltd. was com-
missioned to execute the plan (Erdei, 2001). The detailed plan
of execution was prepared by CAEC Ltd.

3. THE STRUCTURAL ANALYSIS
3.1 Loads

There are several methods for the calculation of the so-called
silo pressure produced by the material stored in grain silos.
However, the authors do not wish to introduce them in this
paper. In the given case. the procedure proposed by Orosz
(1998) was chosen for the following reasons:

@ Itisbased on Janssen’s theory, which is most commonly
applied.

e It provides pressure values both for the storage and dis-
charge states.

e It provides sets of corresponding values, thus it can be
applied not only for vertical but also for skew walls.

e It is easily applicable and conservative, i.e. safe.

@ It applies such ideal properties of material, which can
be applied in the structural analysis regardless of the
wpe of corn. Thus the serviceability of the silo does not
depend on the type of corn to be stored in it throughout
its life span.

Silo pressure at an arbitrary depth
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Table 1 5ic pressores B . b
Physical properties of ideal grain
e Unit weight: vy =9 kN/m’
e Coefficient of lateral pressure:
at storage: ke=0.6
at discharge: ki=1.0
e Coefficient of wall friction:
at storage: m’ = 0.4
at discharge: mé=0.24
Geometrical data of reinforced concrete bins:
Diameter of the centric surface of the bin wall:
D=500m
Internal diameter: D =486 m
Wall thickness: t=0.14m

Height of stored grains above the funnel: H=27.0m
The critical depth is the same at storage and at discharge,
since,

k'm* = k‘m*
z,=D,/4km-4.86/(4x1x024)=56m

The maximum values of silo pressure produced by the grain
stored in a bin of infinite height are as follows:

@ At storage
Vertical pressure:

= 45.5 kN/m*.

p,\.ﬂ‘l\ = -:' _Zﬂ
Horizontal pressure:

o =Y 5 =278 KN,

Friction pressure:

P, =7 zk*m* = 10.9 kKN/m’.

fumax

@ At discharge

kN/m?,

put,max | Zn 3
45.5 kN/m?,

= 45.
= o=
pdh.rn:u ki ZO k

P =7 Z, k?mi=10.9 kN/m’.
At an arbitrary depth, the silo pressure can be calculated
using the Janssen formula:

pz)=p_ (I -e~) (SeeTable1.)
Note that it is assumed in this calculation method that,
p=p=p, el =

In our case it is sufficient to consider only horizontal pres-
sure. See Fig. 2 for its distribution along the height.
Instead of an exponential pressure distribution. the distri-
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