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STAY CONNECTED!

Download the mobile app!
e Schedule and event detalls
« EXxhibitors and floorplan

Search for “GEAPS Exchange” in the App store

or via QR Code.

Share Your Experience On Social Media.
#GEAPSEXxchange
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e Qverview of
Design

*|ssues with
Interstices
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Silo Storage

e Essential for |
elevators, processing

e Productivity depends
on reliable storage
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Today
e Behavior Basics

e Design Considerations
e Interstices
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Silos 101

e Roof

e Walls

 Hopper / Reclaim
 Foundation

e Interstices
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Interstices

e Flat Walls
e Curved Walls
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Interstices

e Silo
e No / min Flexure, Shear

* Interstice e
e Flexure, Shear '
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Interstices

e Design Issues
e |gnored

e Assumed Fixed Arch

* No flexure / bending, no
shear
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Interstices

 Examples
e 30’ diameter
e 40’ diameter
e 50’ diameter
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" Interstices — 30’ Diameter Silo
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Interstices — 30’ Diameter Silo

Boundary Node Nodes fixed in Y Direction
Fixed in Y Direction to model Symmetry, free
in X Direction.

gy Inters

DM
— 0k

301D

8" thick by 12" - AW
Tall Concrete < . o
Beam Elements 2 i

Member Forces and Deflections are -y 30" ID x 120" Silos

Uniform with: ;) 8" thick by 12" tall
ension =10.3 kips/foot \ Beam Elements
hear = 0.3 kips/foot

Moment = 0.1 kip-ftifoot

Radial outward movement = 0.006™

Nodes fixed in X —

direction to model
Boundary Node symmetry, free in N
Fixed in X Direction Y Direction

Loads: LC 1, Pressure Loads. BLC 1, Malerial Pressure
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Interstices — 30’ Diameter Silo

Node Fixed in X Direction

to model fixity
MNodes Fixed in Y Direction

to model Symmetry

L.-e‘n jkl| b.\ " :“"

Member Forces and Deflections
omewhat uniform with:
ompression =3.3 Kips/foot

Shear = 0.3 kips/foot

Moment = 0.5 kip-ft/foot

Radial inward movement = 0.01"

Nodes fixed in X

Direction to model -N""":'L

Symmetry

Node fixedin Y
Direction to model
Fixity

Loads: BLC 1, Material Pressure
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30'I1D

B" thick by 12"
Tall Concrete
Beam Elements

Inters

Tension = 0.9 kips/ft / Unloaded Shape

Shear = 2.2 kips/ft
Moment = 4.8 kip-ft/ft Deflected Shape
Deflection = 0.01" Inward

Tension = 1.4 kips/ft
Shear = 0.2 kips/ft
Moment = -2.4 kip-ft/ft
Deflection = 0.04" Inward

Tension = 0.9 kips/ft
Shear = 2.2 kips/ft

Moment = -4.8 kip-ft/ft

Deflection = 0.01" Inward

/1

Y movement =0.01"
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Interstices — 30’ Diameter Silo

/ X Movement -0.01"

/

Tension = 0.9 kips/ft / Unloaded Shape : St \ \\

Shear = 2.2 kips/ft

e "Inﬂrémi pall: &
Moment = 4.8 kip-ft/ft Deflected Shape : ; . I 44t
Deflection = 0.01" Inward ; ;

Tension = 1.4 kips/ft i \ IO 'Bwbk
Shear = 0.2 kips/ft TN R P | h
Moment = -2.4 kip-ft/ft ;

Deflection = 0.04" Inward - L M Ci eidar Si k? UJﬁ”
Shear = 2.2 kips/ft

E ‘a

Deflection = 0.01" Inward

Tension = 0.9 kips/ft
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" Interstices — 40’ Diameter Silo

GEAPS
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" Interstices — 40’ Diameter Silo

Nodes fixed in Y Direction
to model Symmetry, free

Boundary Node in X Direction.
Fixed in Y Direction P n e r S
J—_ 037 kN
N
k]
1083 §6'83 e J.-;h

/
I~ 40" 1D e VALl
.L'.?,-'En&‘ {"Ba ﬁ;{“-‘h‘ 8" thick by 12" “‘<'/ u _’f_k-“.
e s‘igf‘t_ T~ Tall Concrete N BT
~. 83k . -0.37 kit
. aﬁy?\ Beam Elements \\Q "
S a3k \.UJ-' kit

L7

= 03T kit

..R."?}‘\ b 0.37 kit
SO

S B3
b .\_u{f}
A 1.}\

VAN
ember Forces and Deflections are ; U'{\
e o B N e 40" ID x 120’ Silos
:“"":‘;4 = L :° ey 8" thick by 12" tall
e =371 Mpaido P Beam Elements
oment = 0.1 kip-ft/foot
adial outward movement = 0.013"

Nodes fixedin X — |
direction to model
symmetry, free in
Y Direction

Boundary Node .
Fixed in X Dlrecm
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Interstices — 40’ Diameter Silo

Nodes Fixed in Y Direction
=

| Interst

8" thick by 12"

Tall Concrete
Beam Elements

P sk Tension = 1.6 kips/ft .
] Shear = 4.5 kips/ft .
N gt Moment = 14.4 kip-ft/ft Deflected Shape
4N Deflection = 0.08" Inward

\,-0.37 kit

N\, 037 h
i 037 ki Tension = 2.5 kips/ft
) Shear = 0.5 kips/ft
PRl Moment = -7.3 kip-ft/ft
b Deflection = 0.27" Inward

Member Forces and Deflections
somewhat uniform with:

Compression =6.7 kips/foot b
Shear = 0.4 kips/foot '
Moment = 1.0 kip-ft/foot \ Tension = 1.6 kips/ft

Radial inward movement = 0.01" \ \-0:37 ke Shear = 4.5 kips/ft
3 Moment = 14.4 Kip-ftift
Deflection = 0.08" Inward

Nodes fixed in X
Direction to model

Symmetry —_— /

Y movement =0.08"

Node fixed in Y *\\-

Direction to model

Fixity

Loads. LC 1, Undorm Load Results for LC 1. Uniform Load
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" Interstices — 40’ Diameter Silo

/ e / Unloaded Shape

Tension = 1.6 kips/ft
Shear = 4.5 kips/ft
Moment = 14.4 kip-ft/ft

: Deflected Shape
Deflection = 0.08" Inward

Tension = 2.5 kips/ft
Shear = 0.5 kips/ft
Moment = -7.3 kip-ft/ft
Deflection = 0.27" Inward

Tension = 1.6 kips/ft /

Shear = 4.5 kips/ft
Moment = 14.4 Kip-ftift
Deflection = 0.08" Inward

/

Y movement =0.08 i 1y b S i ! ]
Do L0ile 030 b4 0Fe (oo 070 ©%0, 0fle | 1P 1D

L Rk ()
Results for LC 1. Uniform Load . | - | (EQJah_Fﬂa) 3 |
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" Interstices — 50’ Diameter Silo
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Interstices — 50’ Diameter Silo

X Movement -0.38"

Tension = 2.2 Kkips/ft
Shear = 7.5 kipsi/ft
Moment = 33.4 kip-ft/ift
Deflection = 0.1" Inward

. — Unloaded Shape

/ / Deflected Shape
Tension = 4.0 kips/ft i

Shear = 1.0 kips/ft
Moment = -16.9 kip-ftift
Deflection = 0.73" Inward

Tension = 2.2 kips/ft \
Shear = 7.5 kips/ft .
Moment = 33.4 kip-ft/ft \ il U A O N O A bk ' S L . .-
Deflection = 0.1" Inward ! IR R 5 L \ PR | : [ !
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Y movement =0.38" —>
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Interstices — Warning Signs

e Interior cracking
o Wall |
e JoINts

GEAPS

EXGHANGE COPYRIGHT GEAPS EXCHANGE 2023




Interstices — Warning Signs
o Interior wall failure
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Interstices — Warning Signs

e Cracks at
common wall
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Interstices — Warnlng Signs

e \Vertical cracks
at corner silos




Interstices

 Roof Beam / Truss
Bearing Areas

GEAPS

EXCHANGE



Inspections — Preventative

e Safety

e Stewardship
e Financial

e Planning
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Inspection Detalls

e Cursory / In depth
e Interior entry?
exterior only?

e EXperienced
engineer?

GEAPS
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Inspection Detal

e CUrsory —
Inexpensive,
Inconclusive?
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Inspecmn Detalls

e Exterior only?
Interior
unknown
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Inspection Detalls

e Remote
Camera / Drone
— No cleaning,

possible i

shadowing g
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Inspection Detalls

e Interior
access —
accurate,
time
consuming, §
expensive
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Barriers to Inspection
Denial 3
sLack of awareness Lo
Change In I\/Ianagement;f
eCost — Inspection vs. Repairs
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Summary

 Not all interstices created
equal

e Can take years to manifest

e Options for Inspection

e Cost, Accuracy, Effect on
Operations

e You can start the process —
look up!
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THANK YOU!

FOR MORE INFORMATION, VISIT ME AT BOOTH 805

CONSULTING
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Win a GEAPS Prize Bundle!

Silo Interstice Usage and Cautions

Post Survey Please take a short survey for this
session to help us plan for next year.

For every survey you submit you will be
entered into a drawing.

SCAN FOR GEAPS Prize Bundle

SU RVEY « $200 Visa Gift card and free registration to Leadership Conference
Raffle will be drawn at Closing Celebration, Tue 2/28
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