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T he BIM (Building Information
Modelling) technology enables
the creation of complex, n-di-
mensional models described by

the parameters related to the planning,
design, construction, and use of building
objects [1]. This also applies to projects
that involve the reconstruction of indu-
strial objects that have suffered from fa-
ilures. Silos are significantly more prone
to failures than other industrial objects
[2]. This is strongly connected to the in-
fluence of the stored material on the
structure of the silo both during loading
and unloading [3]. The smooth flow of
loose material depends, among others, on
the occurrence of: the arch effect, over-
hangs and cavities in the storage cham-
ber and zones where the material is de-
posited permanently. The main condi-
tions that cause these phenomena inclu-
de: the properties of the stored material
(grain size distribution and moisture con-
tent), the period of storage, the geometric
properties of the chamber (slenderness,
the parameters of the discharge hopper
and outlet) and the equipment applied to
support the discharge. The paper presents

a case study of a failure of the silo ceiling
and the application of the BIM technolo-
gy in designing its reconstruction (the ce-
iling and the gallery).

Description of the structure
The group of silos was constructed at

the beginning of the 1970s. It consists of
five monolithic, cylindrical chambers
built from reinforced concrete (Photo 1).
The 38 m high chambers with hopper
bottoms, of an external diameter of
9.2 m and 0.4 m thick walls are filled
with use of belt conveyors and designa-
ted for storing rapeseed meal. The cove-
ring of the chambers is a trough slab ce-
iling, supported on the bottom T flanges
of prefabricated reinforced concrete be-
ams of the cross-section of 45 x 60 cm

(webwidth:25cm,flangethickness:15cm).
The slabs, of a span of 8.45 m, total
length of 9.94 m, and spacing of 3.25 m,
are made from concrete of the compres-
sive strength of 200 ATM (≈ 20 MPa),
reinforced with rods 6 φ 18 (stretch zo-
ne) and 2 φ 14 (compression zone) of
a yield strength of 4000 ÷ 4200 ATM
(405 ÷ 425 MPa). The ceiling of the si-
lo is loaded with the redler conveyor
and the gallery. The structure of the gal-
lery consists of steel frames spaced
at 2.2 m in form of columns and chan-
nel-section beams. The columns are
connected to the beams with gussets.
The frames of the gallery, inside the
chamber, were braced in one of the fo-
ur fields and decoupled. The columns
of the gallery are supported by the pre-
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Silo battery: a) general view with indication of chamber failure; b) ceiling damage; 
c) crushing of concrete in a beam
Bateria silosów: a) widok ogólny z zaznaczeniem awarii komory; b) uszkodzenia stropu; 
c) zmiażdżenie betonu w belce

a) b) c)
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vio usly de scri bed re in for ced con cre te
be ams. The sin gle -pit ched ro of ma de
from tra pe zo idal she et me tal is sup por -
ted on be ams spa ced at 1.1. m. The
shiel ding walls are al so ma de from tra -
pe zo idal she et me tal. Fo ur ven ti la tion
stacks we re in stal led in the ce iling. The
tech no lo gi cal equ ip ment is sup por ted
by two ste el I -be ams, con nec ted by flat
bars we lded to the top chords.

Description and causes
of the failure

Du ring the use of one of the cham bers
of the si lo, a fa ilu re of the ce iling struc -
tu re oc cur red (Pho to 1). The fa ilu re in -
vo lved a crack in the ce iling slab (Pho -
to 1b) and cru shing the com pres sion zo -
ne of con cre te in the span of the be am
(Pho tos 1b and 1c). As a re sult of si gni -
fi cant de for ma tion, the con nec tion be -
twe en the co lumn of the gal le ry and the
be am was lost. Due to sa fe ty re asons, no
vi su al in spec tion of the be ams was con -
duc ted on the in si de of the cham ber, so
the extent of da ma ges in the stretch zo -
ne of the be ams re ma ined unk nown.

The di rect cau se of the fa ilu re was the
spon ta ne ous col lap se of the arch of ra pe -
se ed me al, which cau sed a ne ga ti ve pres -
su re with a ver ti cal for ce di rec ted to -
wards the bot tom of the cham ber (in spi -
te of the exi sting ven ti la tion stacks). As
a re sult of the emer ging lo ad, the be aring
ca pa ci ty of the ce iling was exce eded.
The arch ef fect in si los may ta ke the
form of either over hang or ar ches that
cau se si gni fi cant ne ga ti ve pres su re at the
mo ment of spon ta ne ous or in du ced de -
tach ment [4, 5]. This is cau sed by the
fact that, after the col lap se of the arch,
the vo lu me of air in the spa ce un der the
ce iling of the cham ber in cre ases to the
end va lue that equ als ap pro xi ma te ly the
to tal vo lu me of the air abo ve and be low
the arch prior to the col lap se. After so -
me ti me, the emer ging ne ga ti ve pres su -
re equ ali zes with the at mo sphe ric pres -
su re, pro vi ded that the ven ti la tion equ ip -
ment has be en de si gned and func tions
cor rec tly. The ne ga ti ve pres su re in the
part of the si lo lo ca ted un der the ce iling
is the hi gher, the mo re the si lo is fil led
and the hi gher the arch was lo ca ted abo -
ve the di schar ge hop per. A com mon cau -
se of the emer gen ce of ar ches is the ca -
king of the lo ose ma te rial as a re sult of

hu mi di ty. Even ma te rials with low mo istu -
re con tent may de mon stra te ar ching be ha -
vio ur, if the ma te rial is sto red mo tion less
for a suf fi cien tly long ti me. The ti me of
sto ra ge after which the ar ching pro ces ses
be gin is the shor ter, the hi gher the mo istu -
re con tent in the ma te rial. Ano ther fac tor
that in flu en ces the ra te of the ar ching be -
ha vio ur is the con so li da tion pres su re of the
sto red ma te rial. The le vel of this pres su re
al so in flu en ces the de gree of co he sion and
the in ter nal fric tion an gle [4].

The application of BIM solutions 
in the reconstruction project

The con duc ted vi su al in spec tion re ve -
aled a lar ge sca le and extent of da ma ges
to the ce iling. Re pa iring and re in for cing

the da ma ged parts of the struc tu re ra ised
ju sti fied do ubts in the tech ni cal and eco -
no mic aspect. Hen ce, it was de ci ded to
pre pa re a de sign of re con struc tion of the
ce iling and the gal le ry. At the first sta ge,
the plan of di sas sem bly of the gal le ry and
the ce iling was de ve lo ped, fol lo wed by
the se cond sta ge, which was the re con -
struc tion de sign. The de si gns we re cre -
ated with the use of BIM so lu tions that
con sist in cre ating 3D mo dels in the Au -
to desk Re vit so ftwa re. In BIM -sup por ted
de sign, each ob ject is as si gned mul ti ple
pa ra me ters, in c lu ding ma te rial cha rac te -
ri stics, geo me tric pro per ties, and pa ra -
me ters re la ted to the sche du le of con -
struc tion and re ali sa tion of the de sign [1].
As si gning the ap pro pria te sche du ling pa -
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Fig. 1. Gallery and silo ceiling disassembly steps (fill indicates item being disassembled):
a) windows; b) trapezoidal sheeting; c) purlins and rafters; d) section 1 (4 columns, 
2 rafters, 4 purlins and 6 wall rafters); e) section 2 (4 columns, 2 rafters, 4 purlins, 6 wall
rafters, slope bracing and inter-pillar bracing); f) section 3 (2 columns, 1 rafter); 
g) ventilation equipment, equipment support beams, redler; h) redler substructure; 
i-j) chamber floor; k) floor beams
Rys. 1. Eta py de mon ta żu ga le rii i stro pu si lo su (wy peł nie nie ozna cza de mon to wa ny ele ment):
a) okna; b) bla cha tra pe zo wa; c) pła twie i ry gle; d) sek cja 1 (4 słu py, 2 ry gle, 4 pła twie i 6 ry -
gli ścien nych); e) sek cja 2 (4 słu py, 2 ry gle, 4 pła twie, 6 ry gli ścien nych, stę że nie po ła cio we
oraz mię dzy słu po we); f) sek cja 3 (2 słu py, 1 ry giel); g) urzą dze nia od po wie trza ją ce, bel ki pod -
trzy mu ją ce urzą dze nia, re dler; h) pod kon struk cja re dle ra; i -j) strop ko mo ry; k) bel ki stro po we

a) b) c)

d) e) f)

g) h)

j) k)

i)
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ra me ters in the ana ly sed mo del ena bled
us to pre sent the co ur se of ac tions du ring
de mo li tion works (Fi gu re 1) and du ring
the re con struc tion pro cess (Fi gu re 2).
The 3D mo del was al so the ba sis for es -
ti ma ting the we ight of spe ci fic ele ments
to se lect the su ita ble trans port equ ip ment.

The newly designed structure of the
gallery is built of frames that consist of
roof rafters and columns (spaced at 2.44

m). In the plane of the arrangement, a
rigid connection was installed between
the rafters and the columns and
articulated connections between the
bases of the columns. The frames were
braced in the longitudinal direction with
transverse bracing and inter-column
bracing. Roof beams (of a span of 3.25 m)
and columns made of CE180 and CE140
S235 steel sections in internal and

external frames, respectively, were
designed (height of the lower column –
2.43 m; and of the higher – 3.00 m). To
support the gallery wall and window
casing, C65 section wall transoms, with
a span equal to the main frame spacing
(2.44 m) and a spacing of 1.30 m, were
used. The designed roof cladding was
made from 1.00 mm thick, three-span
T55 trapezoidal sheet metal laid in
negative. It was supported by single-
span purlins of C65 sections of a span
equal to the main frame spacing (2.44 m)
and a spacing of 1.10 m.

The ceiling structure in the gallery
area was designed from steel beams
consisting of two I-beams of IPE360 of
S235 steel, with a length of 9.8 m and a
span at the support axes of 8.4 m. A grid
of IPE 180 beams (span 3.25 m, spacing
2.44 m) and IPE 80 beams (span 2.44 m,
spacing 0.6 m) was designed on the
beams.The external layer of the roof is
constructed from 6 mm thick ribbed sheet
S235 steel, composed of 1.22 x 3.00 m
sheets in a five-span arrangement.

Out si de the gal le ry area, the ro of struc -
tu re was de si gned in form of a do uble -
-span slab of 1 mm thick tra pe zo idal she -
et me tal T55, la id in po si ti ve. Due to the
ne ed to re in for ce the tra pe zo idal she et
me tal at the plan ned ven ti la tion stacks
(sa fe ty dam pers); a 6.5 cm thick re in for -
ced con cre te slab (ma de on tra pe zo idal
she et) was de si gned. The re in for ced con -
cre te slab ma de from C25/30 con cre te is
re in for ced with Φ16 rods in folds and
with a Φ6 188/188 grid on the top. The in -
di rect sup port of the tra pe zo idal she et me -
tal was de si gned from IPE 270 be ams of
the span of 6.7 m at the sup port axes. Fi -
gu re 2 pre sents the se lec ted sta ges of con -
struc tion of the new ly de si gned struc tu re.

Sta tic and strength cal cu la tions we re
per for med with the use of Au to desk Ro -
bot Struc tu ral Ana ly sis Pro fes sio nal so -
ftwa re, with a se pa ra ted spa tial mo del of
the struc tu re. Si mul ta ne ously with cre -
ating the geo me tric mo del in the Au to desk
Re vit so ftwa re, an ana ly ti cal mo del was
cre ated that was expor ted di rec tly to the
Au to desk Ro bot Struc tu ral Ana ly sis Pro -
fes sio nal cal cu la tion so ftwa re (Fi gu re 3).

Conclusion
The di rect cau se of the si lo fa ilu re was

the spon ta ne ous col lap se of an arch of
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Fig. 2. Stages of execution of the designed structure: a) state after disassembly of the
ceiling; b) sockets of ceiling beams; c) epoxy-mineral mortar under steel beams; d) steel
ceiling beams; e) rim on silo jacket; f) grate in the gallery area; g) ribbed sheeting in the
gallery area; h) trapezoidal sheeting of the ceiling in the area outside the gallery; i) redler
with subconstruction; j-l) structure of the gallery – section 1÷4; m) monolithic slab on the
trapezoidal sheet; n) housing of the gallery and installation of venting devices on the silo
ceiling; o) finishing layers of the silo ceiling
Rys. 2. Etapy wykonania projektowanej konstrukcji: a) stan po demontażu stropu; 
b) gniazda belek stropowych; c) zaprawa epoksydowo-mineralna pod belki stalowe; 
d) stalowe belki stropowe; e) wieniec na płaszczu silosu; f) ruszt w obszarze galerii; 
g) blacha żeberkowa w obszarze galerii; h) blacha trapezowa stropu w obszarze poza galerią;
i) redler wraz z podkonstrukcją; j-l) konstrukcja galerii – sekcja 1÷4; m) płyta monolityczna
na blasze trapezowej; n) obudowa galerii oraz instalacja urządzeń odpowietrzających na
stropie silosu; o) warstwy wykończeniowe stropu silosu
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ra pe se ed me al, which re sul ted in si gni -
fi cant ne ga ti ve pres su re. This, in turn,
led to an over lo ad and, in con se qu en ce,
da ma ged the struc tu ral ele ments of the
ce iling of the cham ber. The ap pli ca tion
of BIM tech no lo gy so lu tions in the re -
con struc tion pro cess ena bled the pre sen -
ta tion of the sta ges of re ali sa tion of the
con struc tion pro ject, so that the do cu -
men ta tion be ca me trans pa rent for all
par ti ci pants of the con struc tion pro cess.
Apart from that, any in ter pre ta tion er -
rors we re eli mi na ted. Thanks to the BIM
tech no lo gy, the client was pre sen ted
with a spa tial mo del of the ob ject,
which, if ne ces sa ry, al lows ana ly sing the
in flu en ce of va rio us mo di fi ca tions on
the ove rall sta tus of the pro ject and the
co sts. Expor ting the 3D geo me tri cal mo -
del to cal cu la tion so ftwa re ac ce le ra tes
the cre ation of the ana ly ti cal mo del. As
a re sult, the de si gning pro cess is shor ter,
and thus less expen si ve. The pre sen ted
de sign is an exam ple of the ap pli ca tion

of the BIM tech no lo gy in the con struc -
tion pro cess to cre ate a de sign of di sas -
sem bly and re con struc tion of a struc tu -
re. The BIM pro cess ena bles de fi ning
and ma na ging in for ma tion both for new -
ly erec ted and re con struc ted bu il dings.
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Fig. 3. Calculation models for: a) gallery structure; b) silo floor structure
Rys. 3. Modele obliczeniowe w zakresie: a) konstrukcji galerii; b) konstrukcji stropu silosu

a)

b)


