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Abstract

The use of steel bracings is possible in all faagss of engineering activities in the
renovation and modernization of historic buildings, e.: protecting, repairing,
strengthening and rebuilding. Steel bracings aséliary structural systems, which, due
to their relatively small cross-section dimensi@msl low weight, provide an efficient
way to achieve the required resistance and stahfitthe original historic building
structural systems. The steel structure in mostc&sthe tissue that differs in style and
material of genuine tissue which is present inreeweed historic building, but is also
often a rational solution acceptable to the coreg@m and structural point of view.

Keywords: steel bracings, historic buildings, fd&a retention, renovation,
refurbishment, strengthening, reconstruction, teraposupport systems.

1. INTRODUCTION

Maintaining in the best technical condition arctiteal monuments, including
the original support structure, it is not alwaysteyossible, especially when
the object is subjected to partial reconstructisinengthening or adapting to
new user requirements. In such cases, the scat®radtruction intervention
should not exceed the limit of the necessary astiamd its scope should be
defined by curator’s decision. In terms of architee and design restoration of
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historic building should be done in a style corgistwith the time of its
creation, and made of materials similar to the, r@ekting in renewed property.
The number of architectural monuments of the suppprstructure made of
steel in our country is relatively small, but theustural steel sections can be
successfully used also in buildings of masonryimbér structure. In many
cases, above mentioned conception has no alteenadivthe same time -
providing a rational solution acceptable from trmngervation and structural
point of view.

In the context of renovation and modernization mapilons, the advantages of

modern structural steel include:

— high ratio of strength to their own mass, so thapesstructures and
reconstructions are less heavy on the historicsvaaitl foundations,

— the relatively small depth of structural sectiowhjch is extremely useful
for dimensional limitations "inherited" after theodernized building,

— the ability to quickly installation and relativelyeasy disassembly,
a significant, for example, when replacing the retrficture or changes in
the function and arrangement of the user interéddbe building,

— high degree of prefabrication and highly accuratynatching individual
elements to the specific dimensions of the exissitngcture, including the
possibility of using multiple types of system suab scaffoldings and
temporary supports,

— the possibility of the complete recycling of disambled components,
which is part of the contemporary requirements abtgrting the
environment,

— relatively easy opportunity to rebuild and stremgtln the future.

From a design point of view of buildings of masomnyreinforced concrete
structure are systems of slab-disc or slab-disc-lRmoperly designed,
constructed and maintained objects of such kincdchegacterized by relatively
high structural durability, which to a large extel@pends on the load bearing
capacity and disc stiffness of the walls and flabaphragms and their
interconnections. As time progressed, however, ttaural process of
degradation of the technical condition of the dute is placed, which can be
accelerated in the absence of proper maintenangdhenuse in accordance
with the technical requirements of the object. Téason for building disasters
and design faults of constructions can also berenmental actions, which
over the centuries of the building history oftenynize subject to adverse
changes caused by both human activities and ndagtdrs: changes in soil-
water conditions, the impact of mining activitiedaulty repairs or
modernization, vandalism and terrorism or hostiti
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Wall and floor discs that do not provide furthefesase of the building may be
temporarily or permanently replaced or reinforceithwsteel - bar bracing
systems, which according to the classification @&zkblani [1], allows for the

required load capacity and stability of the struetat all four levels of the
engineering activities in renewed buildings i.e.rotpcting, repairing,

strengthening and rebuilding.

2. TEMPORARY BRACINGS

The task placed on temporary bracings is primddlgnsure security until the
start and during construction or maintenance. imseof the use purpose, steel
bracings used in historic buildings can be dividdd:

— provisional bracings - their use is a rapid strradtlintervention which
would prevent the construction disaster; as longndml load estimation
and geometric conditions allow, one often usesHisr purpose the elements
of scaffolding system (Fig. 1).

Fig. 1. Provisional bracings of wooden roof struetaf historic church, endangered
by building catastrophe, with a lightweight steedding system [2]

— renovation bracings - are scheduled in the propéatonstruction works
organization including possible to use the suppaints, technology of
performing works and ensuring proper and safe wafrihorizontal and
vertical construction equipment transport; examptds realization of
renovation bracings are shown in Fig. 2 and 3, soidtions of two basic
forms of construction, i.e. angle strut-cantilexkaamd strut in Fig. 4 and 5,
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— transport bracings - ensure the stability of thdybaf the building during its
movement, an example of their use is the move ef Gmurch of the
Visitation of the Blessed Virgin Mary on Leszno&it in Warsaw [3)],

Fig. 2. Renovation bracing angle strut-cantileypetof historic front wall with
a height of 28.0 m (designer - Cz. Hodurek) [3]

b

Renovatio;w bracings strut-type of histdaicade walls [4]

- bracings of custom support structures - for exanipkecings of mobile
scaffolding platforms; example of application ig upport structure of the
movable scaffolding height of 28.6 m made in ordercarry out the
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restoration of the walls and vault of the chandehe Basilica of St. Mary
in Krakéw [6].

a)

.
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Fig. 4. Examples of design solutions of renovabiceicings of angle strut-cantilevered
type 1 - the temporary foundation (newly designedsed an existing one), 2 - truss or
frame bracings, 3 - steel pile, 4 - truss bracthgsteel portal frame
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Fig. 5. Examples of design solutions of renovabeecings of strut type: 1 strut bar,
2 - 4 -chord spatial truss, 3 - ceiling for demolit 4 - designed ceiling, 5 - steel truss
column, 6 - the temporary foundation, 7 - braciragfe, 8 - angle strut
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The use of structural steel section in the fornteofiporary bracings and other
supplementary structures is particularly usefutha conduct of construction
works in the dense built-in of the old town, espégiwhen the subject is the
development of "infill" type.

This arrangement imposes contractors a seriegafigstrestrictions, including
due to the fact that the technical condition ofghbiburing buildings is
generally poor or very poor, and access to thetoacton site difficult. There
is no space to arrange back office; restrictiondygn particular, to the storage
(and even unloading) of building materials. Oftemsinot possible to operate
heavy construction equipment for lifting and horita transport. An additional
difficulty is the need to ensure the smooth funtig of the neighbouring
buildings as well as technical and communicatiofmnastructure of the city.
In such cases, the use of temporary steel strigctuey be the most reasonable
solution.

3. STEEL BRACINGSUSED FOR PERMANENT REPAIR

From ancient times until the invention of concreted development of
reinforced concrete structures, arch as a structara of lintel or vault was
crucial in shaping the structure. A disadvantagehef arch as a structural
element, in particular stone or brick is its sdwmgit on the level
of displacement of the supports. Traditional forimepair and strengthening of
the arches is the use of bracings in the formexdlgie bars located at the level
of the springer. In case when the cause of damage®even sail settlement and
damages cover a significant part of the buildingsipreferable to construct
bracing system consisting of slender ties and starhich form a horizontal
diaphragm providing adequate load bearing capaaityhe building vaults
(Fig. 6).

Steel horizontal bracings are also used for stremghg the wooden ceiling, as
was the case, for example of, the renovation of Gbélegiate of St. Martin
Church in Opatow [8].

Repair and reinforcement coming from the sixteeogimtury masonry and
wooden 50-meter high tower of the church in Pieklaskie was performed
placing inside steel frame braced with verticalebteées systems [9]. This
structure, introduced into the interior of the toyadlowed masonry parts repair
without removing the wooden helmet and restorecetdwnctionality allowing
you to use the tower bells.
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Fig. 6. The horizontal bracing at the height of $pengers of the vaulting arches
of neo-Gothic church [7]

[ -

Another class of applications are the bracings eftizal walls of historic
buildings being under the influence of seismic gradaseismic actions. Bar
bracings, usually shaped in the form of a trusg placed in the axes
of structural walls in the intercolumns or windomdagate openings. In the case
of absence of such possibility, bracings are plamedhe surface of the wall,
designing suitable anchorage. The use of steelifyscin the renovated
building also creates the perfect opportunity tetall collaborating seismic
vibration dampers.

4. BRACINGSIN RECONSTRUCTIONS

Full architectural reconstructions are performety @m exceptional cases, such
as the reconstruction after the building disad®artial reconstruction restoring
destroyed section of building is not rare in comaon work. Application area
of steel structures is partial reconstructions,clvhire mostly the restoring of
wooden roofs, which are not generally exposed amdemavailable to the
public. Often, this reconstruction type shape dohisal figure of the whole

architectural group, at the same time being thedeape dominant with long-
range visual impact. Steel bracings as indepenelentents are rarely used in
the reconstruction. However, if the reconstructedtipn of the building is

designed as a steel structure, the natural chditteeadesigner is to use of the
bracings of the same material. Examples of suchjepi® include the
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reconstruction of a Renaissance helm of town loaliet of the New Town in
Gdansk made in the mid-50s of the last century thedroof of the Senators
tower (Lubranka) on the Wawel carried out in yedf2-2003 [10] and
a number of sacred building roofs throughout thentiy.

Fig. 7. The horizontal bracings in the steel retmietion of the Lubranka tower roof on
the Wawel (left) and a view of the object after gbation of maintenance works (right)
photo by P. Spien [10]

5. CONCLUSIONS

Steel bar bracings have been successfully usedstariec buildings of other

than the main steel support structure. Reservatbnsstoration mainly do not
raise the use of steel bracings as temporary itesesl during renovations.
Advantages of steel hardenings are evident espedaling the execution of

the works in the dense built-up of the old town,ewh access to the site is
limited and the poor technical condition of thegidiouring buildings hampers
caring out construction.

The use of steel bracings for permanent repairsengthening and

reconstruction pose an interference with the hisabrsubstance of a clearly
distinguishable form, material and technologicalfgenance. However, in

many cases, interference with frequent absenceltefnative solutions is

a justified need to stop progressing damages aridrideating technical

condition of buildings affecting the safe use. Arefaapplication of steel

bracings is usually a reconstruction in the form safperstructures and
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strengthening of buildings with relatively highialtes such as high towers and
roof covering of church aisles. In many cases, docmed structural system
avoids the irreversible loss by protecting the neestsitive parts of historic
buildings, which are usually ceilings and vaultdten decorated with
polychromies of high historical and artistic value.
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ZASTOSOWANIE STALOWYCH SEZEN PRETOWYCH
W RENOWACJI | MODERNIZACJI OBIEKTOW ZABYTKOWYCH

Streszczenie

Wykorzystanie stalowych eten pretowych jest maliwe we wszystkich czterech
stadiach dziatalni@i inzynierskiej przy renowacji i modernizacji zabytkowyobiektéw
budowlanych, tj.: zabezpieczaniu, naprawie, wzneuni i przebudowie. Stenia
stalowe stanowi pomocnicze ukfady konstrukcyjne, ktére ze wdgl na swoje
relatywnie niewielkie gabaryty przekrojéw i niskiezar wiasny umegliwiaja efektywne
osiagniecie wymaganej rimosci i statecznéci oryginalnych uktadéw konstrukcyjnych
obiektu zabytkowego. Stosunkowoesym przypadkiem zastosowatezen stalowych
sa Skzenia tymczasowe stgce do zapewnienia bezpieésbva obiektu do czasu
rozpoczcia i podczas trwania prac budowlanych lub konstghich. Zalety tego typu
stezen uwidaczniag sie zwlaszcza podczas prowadzenia robot ggtej zabudowie
staromiejskiej, gdzie dagi do placu budowy jest utrudniony, a zly stan téchmy
sasiednich budynkéw i ograniczenia wymiarowe komplikyprowadzenie budowy.
Stalowe s{zenie petowe z powodzeniempgéwniez stosowane do wykonania trwatych
napraw, szczegoélnie tam gdzie wymagane jestgoiicie due] nanosci przy
stosunkowo niewielkich gabarytach przekroju, a stiajinterwencji konstrukcyjnej nie
sa eksponowane. Obszar zastosovekzen stalowych obejmuje tak rekonstrukcje,
najczsciej @ to stalowe szkielety nadbudowy. Konstrukcja stalow wiekszdici
przypadkow stanowi tkamk rézniaca sie stylem i materialem od autentycznej
wystepujacej w odnawianym obiekcie zabytkowym, nierzadkonpddjest jednocZaie
racjonalnym rozwizaniem, akceptowalnym z konserwatorskiego i koRsijmego
punktu widzenia.

Stowa kluczowe:  stenia stalowe, renowacja, obiekty zabytkowe, stai@czscian,
wzmacnianie, rekonstrukcja, przebudowa
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