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Failure Analysis of Grain Bins

Charles C. Roberts, Jr. Ph.D., PE

Sructurd fallure of gran binsocour for avariely of
reesons When afalure does ocour, thelosscan be
ubgantid. Severd thousands of bushdsof gran
can bedameged, let donethecodt of agran bin.
Thefollowing aeexamplesof binfaluresand
idess on whet to look for when andyzing afalure

Figure 1

FHourelisaview of buckling of asdewal of a
granbin. Thishgppened duringawind gorm
whenthebinwasempty. Many bin desgnsrdy on
thebin baing full to generate hoop tensoninthe
sdewadl. Thiskegpsthe bin round, thereby max-
mizing theresgancetowind loads In somede-
dgns ddewdl diffenersare unda-desgned, cas:
ing 9dewadl falures a very low wind loeds

Houre2isaview of arodf falureonagrain bin.
Thisooccurred from excessve fan pressure gener-
ated during forced varttilaion in thewinter. The
lower ar intakes on the bin were dogged by frog,
resuiting in ahigh negetive pressure inddethebin
and collgpse of theroof. Itisnot unusud for venti-
lation to generate Uffident pressureto causea
granhbinroof tofal. Hgure 3isaview of another
binroof failure dueto windsdocked & 90 MPH.
Thefanswerenat oparationd but thebin wes
neatly full. Wind deflectionsonagrain binroof

often tend to depressthe roof on thewindward sde
and lift theroof on theleaward Sde
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Figure 2

Figure 4

Hguredisaview of afaled sdewdl inalage
bin. Claseingpedtion of the Sdewall indicated thet
the boltswereloose Testsindicated bregk avay
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torque readings well below the manufac-
turer’s recommendations. Thisis aresult
of deficient construction of the bin. Figure
5isaview of adeformed internal side
wall stiffener resulting from improper bolt
torque.
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Figure 6

Figure 6 isaview of aside wall of abin
that buckled due to side unloading. A
chute was cut in the side of the bin for side
discharge which placed an unsymmetrical
and damaging load on the bin. Most manu-
facturers discourage side discharge for this
reason.

Computerized structural analysis can be
used to determine the adequacy of agrain

bin design. Figure 7 shows a computer
representation of a grain bin roof structure.
Roof strength calculations

Figure 7

are performed using the finite element
method, a structural analysis technique
pioneered by the aircraft industry in the
1950's to design aircraft. The computer
analysis allows analysis of complex |oad-
ings and structural shapes that could not be
analyzed by conventional hand calcula-
tions. This analysis helps differentiate be-
tween a structural failure due to adesign
problem and a structural failure due to se-
vere environmental loads.

It isdesirable to arrive at the scene as soon
as possible for data gathering. In many
instances the location or configuration of
the bin after the event is altered in order to
salvage the crop in the bin. Weather condi-
tions, grain moisture content, method of
unloading and service history of the bin
are examples of data helpful in the faillure
analysis.
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