Steel Silo

Operating Conditions That Influence Silo Performance

Steel silo operation depends on more than storage volume. Changes in the stored material, operating rate,
and time at rest can affect filling, inventory condition, and discharge behavior. The same silo can therefore

perform differently under different operating conditions.
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Possible Operating Effect

Changes the stored mass for
the same occupied volume

May change cohesion, caking
tendency, or flowability.

Can influence segregation
and bulk-solid flow behavior.

Some materials can consolidate
while remaining at rest.

Determines how quickly
inventory builds.

Determines how quickly
inventory is drawn down.
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Engineering Significance

Silo volume alone does not
indicate the actual mass of
stored material.

Material condition at discharge
may differ from its incoming
condition.

Different fractions may not
remain uniformly distributed
after filling.

Initial discharge behavior may
change after extended storage.

Filling duty must remain
compatible with the receiving
and conveying system.

Available storage does not by
itself guarantee the required
process feed rate.

These variables act at different stages of silo operation and should not be considered independently. A change in material condition during storage
can later appear as a discharge problem, while a limitation in conveying or withdrawal capacity can restrict operation even when sufficient silo volume is available.
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How Material Condition Can Change During Storage | _ oo conser

and Material Flow Assessment Guide

The material reaching the outlet may not behave exactly as it did when it entered the silo.
During storage, the material can be affected by settling, consolidation, segregation and moisture change.

Material at Silo Inlet Material During Storage Material Approaching Discharge

Freshly filled material Deposition and storage Material at start of discharge

Storage Mechanism What Happens During Storage Possible Condition at Discharge
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Bulk condition may become

Loose material rearranges . -
denser than immediately
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: to their own weight over time.
Particles with different sizes, Material withdrawn from
: densities, or shapes may separate  different regions may have
| \ : ol | . during conveying and deposition.  different particle distributions.
T _ Moisture-sensitive materials may ] :
N Moisture _ ; _ Cohesion, caking tendency,
: - }l b gain or lose moisture depending -
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e \ : , . : o . Different portions of the inventory ;
Material is delivered into the silo The material rearranges, may The material condition at discharge Extended caniremain stated forlbifferant Flow behavior may vary
in a loose and unconsolidated consolidate under its own weight, may differ from the incoming Residence iod within the stored material.
condition. and can segregate over time. material, which can affect flow PRTods.
behavior.

Incoming Condition # Discharge Condition

Discharge behavior should be considered using the condition expected after storage, particularly for materials that consolidate,
segregate, cake, or change with time at rest.
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Silo Flow Problem Diagnostic Matrix

A discharge problem should first be identified by where material movement becomes restricted.
Similar reductions in output can originate from different parts of the silo and withdrawal system.

Normal Flow Ratholing Incomplete Reclaim

Material moves toward the outlet A stable arch or bridge may form A central channel empties while Material remains away from the outlet
and discharges continuously. above the outlet. material remains around it. in a flat-bottom silo.

Observed Condition Possible Flow Condition What Should Be Evaluated Do Not Confuse With
Outlet opens but material flow stops Stable arch or bridge may have formed Material cohesion, consolidation, outlet condition, Insufficient feeer calobity

above the outlet hopper geometry
A central channel empties while Ratholing or persistent channel flow Material strength, wall interaction, outlet and :

] - - i : Normal complete discharge
surrounding material remains stationary may be developing hopper geometry
Material remains away from the outlet Gravity discharge does not recover - : : :
Active discharge area and reclaim cover
I R the £ |8 =T e Titory ctive discharge area and reclaim coverage Arching directly above the outlet
Material reaches the withdrawal equipment Feeder or conveying capacity may be Feeder capacity, conveyor capacity, required : e A ;
4 ) - et <L+ Pacy 4 gLy req Bulk-solid flow failure inside the silo

but downstream delivery remains low limiting the system process rate

Material supply to the outlet or withdrawal Stored-material condition, outlet flow, and

Discharge rate becomes irregular or fluctuates Insufficient storage volume

may be unstable feeder interaction

@ Storage Capacity # Discharge Capability

A silo can contain sufficient material while still being unable to deliver the required downstream flow rate. The limitation may occur
in bulk-solid movement, the outlet, reclaim equipment, or the withdrawal system.
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How Storage Time Can Affect Start-Up and Continuous Discharge
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For bulk solids that develop strength while at rest, the beginning of discharge can represent a different operating condition

from established continuous flow. Storage time, consolidation, and material condition can influence the force required to initiate

movement toward the outlet.

Material Condition and Flow Development

Material Condition at Different Stages

1. Before Discharge 2. Start-Up Discharge 3. Established Discharge Material at Rest Qperating . erial State Possible Flow Engineering
Condition Behavior Relevance
Material at rest Initial movement begins Continuous flow Material remains stored
~ B AT = Immediately  Material has Flow behavior Relevant where
—~E LTS after filing  recently been may remain discharge begins
|11 g | . :
3¢ st =S = »_J [ v deposited. relatively close soon after
: . | ! Storage Time / to the incoming filling.
: I | Consolidation Where Applicable material condition.
Ll
t : Self-weight and time at rest
b can change material condition. After time Material may Initial movement Storage duration
b at rest settle or can become may affect
o consolidate more difficult. discharge
where susceptible. start-up.
Outlet Opens -
Discharge is initiated.
At discharge  Previously Local resistance Start-up behavior
* start-up stationary material  or restricted can reveal
Initial Movement Begins Deins I flow may become  problems not
toward the outlet. apparent. visible during
Material starts to move filling.
toward the outlet.
" During An active material  Flow may become Continuous-flow
The material remains static After the outlet opens, An active material flow pattern Established Material Fl established  flow pattern has  more consistent behavior should
after storage, and may become previously stationary material has developed, and discharge S e i discharge developed. if the material be distinguished
denser or develop strength begins moving toward the becomes more consistent if A more stable flow pattern continues to reach  from start-up
depending on the material. outlet. Local resistance may the material continues to develops. the outlet. behavior.

be encountered.

reach the outlet.

Longer storage does not automatically mean poorer flow.

The effect depends on the bulk solid and its sensitivity to consolidation, moisture, caking, and time at rest. For susceptible materials,
evaluating only freshly handled material may not represent the condition encountered when silo discharge begins after storage.



