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Silo Quaking Analysis on Coal Bins

Project Scope:
Bulk Material: Coal
Equipment: Concrete Coal Silo

Problem: Severe silo quaking problems
experienced in an installation of three, 12,700 tonnes,

were

reinforced concrete coal silos.

The silos dimensions are shown schematically in
Figurel.
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Figure 1: Tall Coal Silos

Adjacent silos are connected by concrete along the
vertical lines of intersection. The silos have chisel-
shaped, plane-flow hoppers lined with carbon steel
plate, the half-angle a being 40°, this being the angle
with respect to the vertical. The hopper splits into three
outlets, the lower hoppers being lined with stainless
steel.
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The maximum discharge rate is 2700 tonnes/h through
vibratory feeders.

The reported period of the shocks was 3 to 5 seconds,
the shock loading being most severe when the silos
were substantially full. After several years of use, severe
damage started to occur, with sections of concrete being

dislodged.
Computation of Shock Loads

The shock plane is assumed to be located at a height
of 26 m above the base of the hopper. The head of
coal above the shock plane is h = 22 m. The estimated
amplitude of the dynamic pressure was calculated as
Apw0=56kPa

The shock pressure amplitude results are illustrated in
Figure 2; also shown are the static and flow pressures. In
view of the curved transition of the chisel-shaped hopper
with the cylinder, the pressure profiles vary around the
periphery of the bin. Figure 2 applies to the side of
the bin where the chisel-shaped hopper has its highest
intersection point with the cylinder wall.

50

—8— Flow Pres!
—<>—Tlotal Dyn.

RTEss
\\ % Location

of Shock Plane

Switeh Pressuri

Bf//

0 50 100 150 200 250 300 350
Normal Wall Pressure (kPa)

L

Figure 2: Pressure Distributions for Silo

TUNRA Bulk Solids develops custom solutions to suit the individual needs of our clients




Estimation of Pulse Period

The following values were calculated for the pulse
period:

For discharge rate Q = 2700 t/h T= 2.4 secs
For discharge rate Q = 1500 t/h T= 4.4 secs

These values, which are based on Aey =5mm for the
coal, are in general agreement with the approximate
values of 3 to 5 seconds as reported for the actual
silo.

Vibration of Structure

A critical factor in the operation of the silos is the
influence of the dynamic characteristics of the overall
structure. Noting that the silos were supported on
columns on a base, which, in turn, was supported on
piles, a simplified dynamic model of the silos is shown
schematically in Figure 3. There will be vertical and
lateral stiffness due to the columns and piles as well
as vertical and lateral stiffness due to the concrete
connecting adjacent silos. In view of the significant
variation in the silo mass from the full to the empty
condition, there is a significant variation in the natural
frequencies. <LSaingMode
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Figure 3: Simplified Dynamic Model of Silos

The natural frequency for the fundamental mode is

given by
L _ |k

fn =% m

Noting the variation in mass, the natural frequency of
each silo will change as follows:

fn full

fn empty = 0.56

The natural frequency of the full silo is only 0.56 of
the empty silo. While the various stiffnesses of the
structures are not known, it is possible that the load
pulse frequency of 3 to 5 seconds could excite one of
the silo modes.

As each silo fills and empties, there will be different mass
contents and, hence, different frequencies for adjacent
silos. As a result, there will be dynamic coupling between
adjacent silos which could impose significant loads on the
concrete connecting these silos. The modes of vibration,
while complex, would involve a combination of vertical
and sideways swaying motion, the latter induced by non-
symmetrical loadings of coal in the silos as well as variations
in ground stiffness in the zone of the supporting piles.
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