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Abstract

A few examples of scaffoldings designed, built aised in recent years in Poland have
been presented here in this paper. There havedesenibed facilities of various forms,
which are surrounded by scaffoldings. This makesdasign and assembly processes
demand large labour input. The main focus has beeto the problems in the operation
of scaffoldings used during the renovation of histononuments. The scaffoldings used
at such buildings are usually of complex and a##ng geometry. In extreme cases, it is
impossible to anchor the scaffolding due to the hmatcal sensitivity of building
facades. Other problem often affecting the openatibscaffoldings near such buildings
is large inclination of roof surfaces, at which #uaffoldings are based on.
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1. INTRODUCTION

The most common scaffolding task at the constracsite is to create a work
zone in tight spaces both outside and inside mgkli However, they do not
often perform additional functions such as.: cawgri protection against
weather, traffic routes, protection of work areasjpporting structures.
Construction and renovation at historic buildingsni an additional challenge
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for the use of scaffolding due to the complexityeaf unique shape of the
building. Therefore at historic buildings generadiye does not apply common
solutions, advertised in catalogues of manufacsur€his implies adoption of
each individual solutions and hence checking thagcsire by means of static
calculations. Scaffoldingshould provide security for work, but it cannotaals
interfere with normal functioning of the renovatadlding. Scaffolding failures
are mainly due to faulty estimation of mechani@gistance and stability, as
well as the false anchoring and foundation of sddiifig. It should be added
that in the case of scaffolding with complex geaietonfiguration it is
required to carry out static-strength calculatiohsdetailed description of the
individual construction project requirements of fddings was described in
a work [3]. Construction scaffolding, despite the too large dimensions of the
cross sections in typical situations, i. e. whersnaj the scaffold elements are
compressed or stretched, carries a significant dsurédHowever, in the case
where there is a bending of elements, carrying agpaof the scaffold
decreases drastically. Therefore, such constrigtinnst be installed in such
a way as to avoid elements bending and if theedeiments bending, one should
determine the maximum load by the means of a sha@dysis.

2. EXAMPLES OF PROJECTS

The following examples illustrate the variety ofoplems encountered in the
design of scaffolding. Presented structures armphes of assembled structures
and used in recent years.

2.1. Scaffolding around the dome of the Church of the Hiy Apostles
Peter and Paul in Krakow

One example of unique scaffolding is a constructitet has been set for the
Church of Saints Peter and Paul in Krakéw. Renowativork carried out in

2014 on this object relate to peak tower of butdat the height of approx. 57m
(Fig. 1c). In this structure there is no restriotim anchoring the scaffold and
the possible support of scaffolding structure oe tbof (Fig. 1b). Here the
biggest problem turned out to be a very large aofjleof spread slope and the
round shape of the structure. In addition to tredfetd, located right around the
renovated tower, one made structure composed efaematforms and vertical
walls, providing communication from ground level tgpthe cross located on
the top of the tower. The first longest circulatipath, shown in Fig 1a, was
initially realized with a scaffold of dimensions52m x 0,73m and applying
catwalks with transition flaps and aluminium ladddeventually this path was
modified adding a second module with a width of3@7allowing replacing
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temporary catwalks with stair courses significatiproving communication at
this point. Above level 9 scaffold was based onrchuoof with tilt stands.
Stands located in this manner, one needs to depeigal attention and care in
order to supply each of them with a tube fittinglared to the wall. If this is
not possible in the case of long-span roofs, dherillustrated instance, stands
should be combined with the scaffold structure gishaditional hardenings.
One should take care of anchor or fixed hardeninget anchored to stand as
low as possible.

a) s,
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Fig. 1. Scaffolding at the church of Saints Petat Raul in Krakéw: a) circulation pé{th,
b) adjusting the tilt stand c) the crowning of geaffolding

2.2. Scaffolding on the facades of the Castle in Pieskavskata

Another presented scaffolding is the design useldeatastle in Pieskowa Skata
in 2014 (Figure 2). Unlike in the previously illusted example, at the castle in
Pieskowa Skata renovations were carried out orreatevalls of the objects. In
this case it was decided to use a framed scaffgldithe benefits of this
assumption are the speed and ease of assemblgband all, such scaffolding
does not need to be further solidified in areapgedicular to the facade. The
first difficulty that appeared during the desigrtioé scaffolding was the need to
move the scaffolding horizontally up about one niedin order to bring
structure to the facade. This was achieved ussygem supports, pillared with
hardenings and the appropriate placement of anupdésteners in the area.
The main problem was, however, the place of foundicaffolding, because it
was very varied. In places the subsoil was flat fvede was no obstacle to lean
the scaffolding using the bases. Unfortunatelyreheere also areas with very
high tilting starting directly from the walls of éhcastle. This situation forced
the use of scaffolds suspension which was carnigdy means of ancones and
steel cranes. View of this mounting was shown o Bb.
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Fig. 2. Scaffolding on the facades of the castleieskowa Skata: a) view of scaffolding,
b) adjusting the scaffold on ancones

2.3. Scaffolding around the Chapel of Karol Scheibler int6dz

The chapel was built in 1888 cross plan with dinms of 25 x 13.5m and is
one of the greatest works of cemetery architediurthe world. The property
has a slender body, topped with transparent stmmert The total height of the
building is 37m. In 2010 for the purpose of restiora works of the highest
tower of the chapel along with the cross, placedhat top, one designed
a scaffold with dimensions in a floor plan of amig 18m and height of 38m
which stands for 19 levels of scaffolding. Stati@algsis of scaffolding around
the chapel, shown in Figure 3, is described inibdétaa work of [1]. The
biggest problem at the design stage and the implt&tien was the lack of
a permit for anchoring to the walls of the chapedl ahe rest on the roof or
ledges of the building. The result of these assiomptwas to create a self-
supporting structure which does not have any cdioreavith the building, at
which it was assembled. Scaffolding was based bsa@uthrough the wooden
groundwork along the side walls of the chapel. Ttoss section of scaffolding
at the ground level is shown in Fig. 4 and it whe same to the ninth
scaffolding level of approx. 20m, where the twoesidalls of the scaffold were
connected by means of ten pairs of steel girdergyitudinally connected with
each other.

Such a large number of applied girders were nepesh#e to the fact that
successive levels of scaffolding were based onlythen girders that carried
forces on the side walls of the scaffold. Abovertireh level of each next level
was different from the lower and It resulted froeed to adjust the scaffold to
the shape of the restored tower. The last higleesid had dimensions of only
2,5m x 3,5m.
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Fig. 4. Cross-section and location of scaffoldihgraund level

3. CONCLUSIONS

Conceptual scaffolding systems included in the logtees of manufacturers
cannot always be used for complex buildings, witbhs one often has to do
during renovations of historic buildings. This kimef object requires an
individual approach, both on the part of desigremd scaffolding fitters. The
seemingly minor change in the structure of scaifgdcan have a significant
impact on the behaviour of the structure. The designust take into account
the possibility of assembling the structure, withe t smallest possible
contribution of the work and maintaining safetyesul The greatest difficulty in
the design are associated with the adoption obpeprstatic plan with regard to
the way the structure is supported, its connectj@hshe stability and the use
of alternative models [4].
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PRZYKLADY REALIZACJI NIETYPOWYCH RUSZTOWAN BUDOWLANYCH
WYKORZYSTYWANYCH DO PRAC RENOWACYJNYCH OBIEKTOW
ZABYTKOWYCH

Streszczenie

W przedstawionym opracowaniu przedstawiono kilkaykladéw konstrukcji rusztowa
budowlanych zaprojektowanych, zmontowanych oragkowanych w ostatnich latach.
Opisane zostaty obiekty, przy ktérych rusztowaniayjpnowaty zupetnie réne formy a
zagadnienia z nimi zwzane przysparzajwielu probleméw na etapie projektowania
oraz etapie monga. Gtéwry uwag: zwrdcono na zagadnienia zwane z aytkowaniem
rusztowa podczas prac renowacyjnych obiektow zabytkowyalszZRowania na takich
obiektach charakteryzljsie bardzo skomplikowani zmienra geometra. Dodatkowo
bardzo cgsto mamy do czynienia z utrudnieniami takimi, jakalb mazliwosci
zastosowaniatznikow kotwicych w liczny przewidywanej dla ,typowych” schemat6
konstrukcji a w skrajnych przypadkach ze wzgl na dua wrazliwo$¢ na
oddziatywania mechaniczne, powierzchni, przy ktbrgemontowane jest rusztowanie,
braku maliwosci kotwienia. Innym cgsto wystpujacym utrudnieniem w tego typu
obiektach jest die pochylenie potaci dachowych, na ktérych oparterasztowanie.
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