338 Selected Topics of Contemporary Solid Mechanics

THE EFFECT OF PATCH LOAD ON CORRUGATED SILO WALL S
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1. Introduction

Silosare speda structures widdy used in indudries to store al kind of agricultural produds.
Loads exerted by the stored material over the silo walls are criticd in the sil o design. Eurocode[1]
spedfies how to cdculate the presaures due to the stored materia depending on different
charaderigtics of the silo: shape, slendanessor cgpadty. If filling is centric, a symmetric flow is
expeded and, therefore, horizontal pressures ading onthe silo wall will have a congat valuefor the
circumferential postion & any height In addition, presaures are greder for highe slo depths

However, filling is sometimes eccatric and nonsymmetric behaviours may also appea
during filli ng and emptying. In those cases, asymetric flow might appea and this can lead to non-
symmetric presaures over the silo wall. Eurocode defines the patch-load to reproduce these non
symmetric presaures. The pach-load is an asymmetric patern of lateral presaures applied over a
pat of thesilo wall (Figure 1) and added to the symmetric presaures. The patch-load can be applied
at any height of the silo butin areducel length of thewalls. In consequence, the design of thesilo
mug satisfy structural safety with indgpendence of the pach-load locdisation.
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Figure 1. Requirements of pach-load acording to Euocode (EN 19914 2003)

For low sil o cgpadti es, Eurocodeal ows repladng the pach-load with a uniform increment in
lateral presaures. However, this simplificaion is not possble for siloswith large capadties. In this
case, the cdculation of the wall stress states due to the pach-oad is more complex than for
symmetric loads

2. Methodology.

A threedimensond Finite Elements Modd with ANSY S software was developed to simulate
thecylindricd corrugated sil o wall s with flat bottoms (Figure 2). The applicaion of ungymmetrica
presaures in silo walls has been conddered in some reseach [2] but simulating smooth walls. The
possble influence of different fadors in the stress state of the silo wall after the application of the
pach-load was conddered: the slendeanessof the silo (A=h¢/d.), the flexibility of thewall (t/0.5-d)
and the silo heght, hy, at which the pach-load is applied. By varying the silo heght, h;, the silo
diameter, d;, and thewall thickness t, forty eight finite element modds were developed as a result
of consdering four slendeness values (A=1.35,1=1.62,A=1.90 and A=2.17), three thicknesses of
thewal (t=2 mm, t=6 mm and t=9 mm) and four postionsfor the patch-load (h,=0.2-h, h,=0.4-h,
hy=0.6-h, and h,=0.8-h). Results were a so obtained for different circumferentia postions(0°, 45°,
90°,135%nd 180°)in the silo wall in order to deted the stresses asymmetries producel by the non-
symmetric condition ofthe pach-load.
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The purpose was the comparison of the stress states resulting after applying the pach-load
and the lateral presaures due to the stored material. Firstly, lateral presaures due to the stored
material were applied to the silo wall and the wall stresses in the circumferential postionswere
obtained. After tha, the patch-load was applied to the silo wall, and the new stressstate of the silo
wall was obtained for the same circumferential postions Findly both sets of results are compared,
and theincrement ratio of stresses, k, is obtained at every pat of thesilo wall.
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Figure 2. Geometry on an demental unduktion of the corrugaed wall (Dimensonsin mm).

3. Results.

The pach-load makes the silo wall suffer an inward deformation in the presaure zoneand an
outward deformation in the oppodte pat (Figure 33). It can be clealy seen in Figure 3b tha an
overstressin thesilo wall is deteded where the patch-load is applied (k>1). The pach-load does not
produceany change in the stressstate above the silo heght where the pach-load is gpplied. A linea
increase in k is deteded for the silo wall placed bdow hy,. These results may be used to simplify the
procedure defined in Eurocode even for the higher cgpadty silos
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Figure 3. 8) Deformation of the silo wall b) Increment ratio of stresses, k, over theslo wall.
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