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TENSION-STRUT SYSTEMS
IN CONSERVATION OF HISTORICAL BUIDINGS:
EXAMPLES OF APPLICATIONS

S. JURCZAKIEWICZ', S. KARCZMARCZYK?

Tension-strut systems consist of thin cables and membranes capable of carrying only tensile forces and
compressed struts cooperating with them. They make very effective use of strength properties of materials. They
are lightweight and common in large span structures such as bridges and stadium roofs. However, they may also
be advantageous in reinforcing and repairing historical buildings as they conform to conservation law in force.
This paper presents a few examples of such applications of tension-strut system. Stabilization of historic brick
and stone vaults with buttresses and iron bowstrings often turns out inadequate to resist thrust forces transmitted
from the vault to the walls which cause cracks and deformations of the vault. Properly designed tension-strut
structure can resist the thrust forces calculated in a theoretical way. Moreover, it can be hidden in the attic of
building. Old timber roof structures are usually deformed and excessively deflected. Skilfully assembled tension-
strut systems enable straightening and geometrical adjustment of a roof structure. Although similar threats and
structural damages occur in most buildings which are a few hundred years old, individual design solutions are
required in each case. Historical investigation and detailed measurement of geometry and deflections have to be

made before choosing the apprioprate method of reinforcing the old structure.
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1. INTRODUCTION

Tension-strut systems consist of thin cables and membranes capable of carrying only tensile forces
and compressed struts cooperating with them. They make very effective use of strength properties
of materials. They have been developed dynamically recently thanks to new materials of high
tensile strength [5].

The oldest examples of such structures can be found in the prehistoric period. Some old forms of
nomad tents and suspension bridges have been built until now. It’s known that ancient Greeks and
Romans covered theatres with rope and canvas roofs protecting spectators from the sun. Iron bars
were placed in medieval vaults and domes in order to resist thrust forces.

Tension-strut systems enable to rise structures of considerable dimensions with a relatively small
quantity of building materials. Therefore they are now widely used in large span structures such as
bridges and stadium roofs. However, their important features such as lightness, ease of assembly in
a limited space of an existing building and possibility of modifying the geometry by means of
adjusting the length of cables make them possible to be used in reinforcing and repairing historical
buildings. Furthermore, fixing tension-strut systems within existing buildings damages their old
structure only slightly and can be easily removed in the future. These advantages make tension-strut
structures conformable to conservation law in force [6].

This paper presents a few examples of tension-strut systems we have designed for structural

reinforcement and protection of historical buildings.

2. VAULTS

Domes and vaults built of stone and bricks from the Roman times until the end of 19" century
required stabilization of abutments and resistance against dangerous thrust forces transmitted to
other building elements. Originally it was achieved by means of massive walls, masonry buttresses
and iron bowstrings. Sometimes it happened that the bow-strings were removed in order to improve
the exposure of paintings decorating the vault or they were destroyed by corrosion. Walls and
buttresses were often inadequate to resist thrust forces from the vaults or their foundations were
deformed by weakness of the ground caused e.g. by damage of sewage system. Such factors may
now cause cracks and deformations of the vault. Carrying out the protection is necessary to succeed
in preservation works on the brickwork of the vaults and the paintings [3]. Failure to repair

inevitably leads to a disaster and destruction of the vault.
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Cracow St. Barbara’s church is a brick gothic building built in 14" century. In the second half of
17" century it was rebuilt in a baroque style (Fig. 1). Current barrel vault with lunettes dates back to
this period. Its span is 10.50 m and thickness of the shell is of one brick — about 25 cm. The vault is
reinforced with ribs approximately every 5.30 m. Longitudinal cracks on vault caused by
insufficient rigidity of lateral supporting walls were observed during recent renovation of the
church. The upper part of the southern wall leant out up to 6 cm, and the northern wall even 10 cm
despite of the existing buttresses (Fig. 1). It was necessary to stop the vault cracks spreading before
undertaking the renovation of the interior of the church. Assembling transversal steel bowstrings
would have been the simplest solution but it was rejected by the conservatory authority. Instead,
above the vault we designed a system of transversal beams with cables anchored in lateral walls

(Fig. 2).

Fig. 1. Cracow St. Barbara’s church. Northern wall and interior of the church.
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Fig. 2. St. Barbara’s church. Plan of barrel vault with cable system stabilizing lateral walls.
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Fig. 3. St. Barbara’s church. Beams with cables to be placed in axes of ribs and over the lunettes of vault.

Our structure was to be hidden in the space of the attic. The role of beams was to take the vertical
components of thrust forces. One type of these sets were placed in the axes of ribs and another over
the lunettes of the vault (Fig. 3). The system was supposed to resist thrust forces transmitted from
the vault to the walls. Unfortunately, our structure was not built. Instead, additional reinforced
concrete ribs were placed on the upper surface of the vault. This system is fixed to historical
elements and therefore does not conform to the conservation rules.

An impressive brick vault from the second half of 19 century covers a large space for prayer of the
synagogue in Dabrowa Tarnowska, Poland (Fig. 4). Three ribs of 14,0- m- span support very thin
vaults of double curvature resembling sails. Vaults are only half a brick thick and stiffened with ribs
which are one brick deep when seen from the upper side. Vertical loads flow down through the
pilasters situated between big windows. Horizontal thrust forces are compensated by steel

bowstrings built in at the level of abutments.

Fig. 4. Synagogue in Dabrowa Tarnowska. Southern elevation. Damage to the wall caused by rain water.
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The Germans changed the synagogue into a warchouse during the World War II and it was used in
this way until the seventies of 20" century. Then a design of adaptation for the community centre
was made but very few of design works were completed. The condition of the building was
constantly deteriorating, the biggest segment of the vault over the entrance collapsed and one of
bowstrings broke off. For a long time the vault was moistened by rain water because of leakage in
the roofing so corrosion damage of bowstrings inside the walls was very likely, too (Fig. 4).

We have proposed another tension-strut system hidden in the space of the attic and invisible inside
the interior decorated with paintings (Fig. 5). Cables joining both lateral walls had to be anchored at
the lowest possible level, near the abutments in order to reduce bending of the attic wall. It was also
necessary to avoid collisions with the existing wooden roof structure. Considering all these
conditions we placed triangular tension-strut sets on both sides of each roof truss. They consisted of
two inclined bars leaning on top of the walls and connected under the ridge of the roof. Lower ends
of these bars were connected to the steel strings. One of two supports on the wall was equipped with
slide bearing. Compressed bars were made of steel roll formed shapes. Pairs of such systems were
stabilized by cross braces. Oblique cables were fixed in upper nodes of triangular sets and their

lower ends were anchored near vault abutments. These cables were meant to resist the thrust forces.
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Fig.5. Plan of synagogue in Dabrowa Tarnowska. Tension-strut system to resist the thrust forces.
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Structural calculations started from defining the thrust forces transmitted from the ribs to the pillars
of lateral walls. Circular geometry and lack of backfill on vault made it possible to get theoretical
results well compatible with the real values. Triangular tension-strut system (Fig. 6) was designed
for design values of thrust forces with a factor of safety 1,2. However, it was predicted that during
assembling the steel structure, before removing provisional protective strings, the force in lower
cables was only 0,75 of the value of the characteristic force. It was determined on the basis of
elongation of a string. For one cable the calculated value of the force was 75,0 kN.

The length of the inclined cables was 1 = 4,30m. To achieve the required force it was necessary to

apply cables of a diameter 20mm and elongate them by means of nuts, on the basis of Hooke’s law:

Al= L()% /205%10% x 4,30= 0,005 m= 5,0 mm
3,14x10

Thus the tension force in cables could be controlled with simple measuring instruments.

\/exisﬁng old bowstrings
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Fig. 6. Triangular tension-strut sets to be placed on both sides of each roof truss.

Finally, a different proposal was chosen and approved by the conservatory authority as the cheapest
solution was desired. Instead of tension-strut structure hidden in the attic, additional bowstrings

made of flat steel were assembled in the rib axes between the old ones.
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The vault in the treasury of the archcathedral in Lublin, Poland was seriously damaged, threatened
by a disaster. The treasury built as an annexe to semicircular presbytery was equipped with a double
layer vault decorated by the court painter of king August III Sas. The outside wall leant out because
of weak foundation and thrust forces from the vault. Large cracks appeared on the lower and upper
vaults (Fig. 7). The foundation was reinforced during recent renovation but it was also necessary to
remove dangerous horizontal forces from vaults pushing the outer wall and reinforce uncommon
structure of the roof. A system of four inclined steel beams fixed with bolts to the roof rafters was
designed in the attic (Fig. 9). The upper ends of beams were anchored in the presbytery wall and the
lower ones on the top of the outer treasury wall. In this way the middle sector of deflected rafter
framing was supported and both longitudinal walls fastened together. The cable systems transmitted
thrust forces down to the level of the vault abutment and reduced the bending of the steel beams
fixed to the rafters. The designed structure was assembled in the attic of the treasury and now fulfils

its role as expected by the authors (Fig. 8).

Fig. 8. Tension-strut system assembled in the attic of Lublin archcathedral treasury.
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Fig. 9. Treasury of archcathedral in Lublin. Cable system resisting thrust forces from the vault.

In such a way, thanks to additional tension-strut systems the most important threat causing danger
to vaults can be eliminated. However, repairing and strengthening the vault masonry structure is
usually also required. Composite fabric-reinforced cementitious matrix (FRCM) is an innovative
technology for effective strengthening of historical masonry structures [1]. Nowadays, analysis
including discontinuous nature and nonlinear behavior of masonry is supported by computer

technology. However, numerical modelling of such structures is always a challenging task [7].

3. RAFTER FRAMINGS

Timber roof structures are the least durable elements of historical buildings. They can not only be
destroyed by fires but can be also damaged by biological corrosion in zones of roofing leakage.
Few preserved historical rafter framings should be protected now. Only completely destroyed

elements should be replaced with new ones.



www.czasopisma.pan.pl (J% www.journals.pan.pl

TENSION-STRUT SYSTEMS IN CONSERVATION OF HISTORICAL BUIDINGS: EXAMPLES... 667

We commonly observe deformations and excessive deflections of wooden elements. Increase of
deflection under long lasting load is caused by creep and partial loss of strength. After tens and
hundreds of years deflections become so considerable that wooden elements lean on floors or vaults
causing threat to their structure. Skilfully assembled tension-strut systems enable straightening and
geometrical adjustment of the roof structure [4]. The static system usually changes in that case.

In St Peter and Paul’s church in Cracow the roof span measured between supports is 14.45 m.
Rafter framing consists of roof trusses with collar beams. One in two of them is equipped with a
footing beam. Collar beams are supported on longitudinal capping beams of posts set on the footing
beam. Bracings of roof trusses stabilize the structure crosswise. Footing beams were significantly

deflected and leant on the key course of the vault causing dangerous loading with the roof.

740

&

Fig. 10. St Peter and Paul’s church. Tension-strut system lifting the roof footing beams.
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It was necessary to lift the middle sections of trusses. However, use of additional forces in existing
wooden trusses caused risk of their destruction. Therefore, collar beams and lower sections of
rafters were reinforced with suitable wooden beams. Rafters were joined with footing beams by
means of additional steel elements. Then in the upper nodes of such new frames oblique bars of
hangers were fixed and footing beams in the middle length were suspended. Shortening the hangers
with screws caused lifting and straightening of the footing beams. Deflections of roof trusses may
be still controlled. Length adjustment of cables and change of truss geometry are possible if
necessary (Fig. 10).

A similar threat to the vaults from the roof structure occured in a synagogue in Dabrowa
Tarnowska. Suspended timber roof trusses equipped with three hangers have the span of 15.0 m.
After a long time they deflected significantly and loaded the brick ribs of the vault (Fig. 11). Our
cable system was supposed to pull up the lateral hangers. In this way the bottom wooden bowstrings
of trusses were to be lifted until they got straightened and a safe distance between the roof structure
and the key course of the vault could be achieved. We designed pairs of steel bars joined with bolts
only in the top nodes of the truss hangers. Their lower ends were welded to steel plates leaning on a
footing beam near the truss supports. The steel plates were connected with a horizontal steel
bowstring which could be shortened by a tightening screw. This action was supposed to force the
plates to slide on the surface of a wooden beam and steel bars and lift the truss hangers (Fig. 12).
Afterwards, the plates were to be fixed with screws to the footing beam and additional wooden
bracings were to be assembled in the middle of the truss in order to stiffen the structure. Despite the
simplicity and structural logic, the designed tension-strut system was rejected by the contractor of
renovation works. The roof lifting was executed without our participation, probably using hydraulic

jacks put on the old brick ribs which caused additional threat to the vault structure.

Fig. 11. Synagogue in Dabrowa Tarnowska. Wooden truss bowstring loading the vault rib.
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Fig. 12. Synagogue in Dabrowa Tarnowska. Cable system lifting the roof.

In some historical buildings only the decorated elevation is under conservation protection.
Consequently, the inner structure can be completely removed and replaced by modern, lightweight
floors and partition walls. Usually the roof structure is then changed, too. In this case the interior of
the building must be protected from rain during the period between demolition of the old roof and
construction of the new one.

A similar situation happened in the case of reconstruction of a building of Cracow University of
Economics. It was decided that the original thick brick walls and ceilings would be removed.
The interior was designed in a completely different way with an additional floor and a new roof.
The contractor asked for the solution of temporary protection of the interior (Fig. 13). Purlins of the
existing roof structure were supported by posts standing on the floor of the attic. We proposed to
change the static system of the roof trusses by adding steel cables connecting ends of rafters and
supporting the posts. Thus after demolition of the upper floor the span of roof trusses was over

14 m and the posts of the old rafter framing became compressed members of new trusses (Fig. 14).

Fig. 13. Building of Cracow University of Economics. Roof structure before and after rebuilding.
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Fig. 14. New cable roof truss.

A temporary tension-strut roof was to be in use only during the summer months, so we did not
consider the load of snow in calculations. It had an important influence on the lightness of the
structure. But such a suspension roof could also be a permanent cover of a large hall in the attic if

we considered the weight of thermal insulation and the load of snow in the design.

4. CONCLUSION

The examples of tension-strut systems presented above applied in historical buildings confirm their
compatibility with the conservation law in force and also their efficiency of practically executed
designs. Although similar threats and structural damages occur in most buildings which are a few
hundred years old, individual design solutions are required in each case. New tension-strut systems
developed in 20th and 21st century, e.g. tensegrity and deployable pantografic lattice structures will
certainly be applied in historical buildings soon [2]. Historical investigation and detailed
measurement of geometry and deflections have to be made before choosing the appropriate method
of reinforcing an old structure. Other factors affecting the stability of the building, mainly the

foundation, the existing soil and water conditions are also necessary.
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Fig. 1. Cracow St. Barbara’s church. Northern wall and interior of the church.

Ryc. 1. Kosciot $w. Barbary w Krakowie. Sciana potnocna i wngtrze kosciota.

Fig. 2. St. Barbara’s church. Plan of barrel vault with cable system stabilizing lateral walls.

Ryec. 2. Koscidt sw. Barbary. Rzut sklepienia kolebkowego z systemem ciggnowym stabilizujacym $ciany
boczne.

Fig. 3. St. Barbara’s church. Beams with cables to be placed in axes of ribs and over the lunettes of vault.
Ryec. 3. Kosciot $w. Barbary. Belki z ciggnami do montazu w osiach zeber i nad lunetami sklepienia.

Fig. 4. Synagogue in Dagbrowa Tarnowska. Southern elevation. Damage to the wall caused by rain water.
Ryc. 4. Synagoga w Dabrowie Tarnowskiej. Elewacja potudniowa. Uszkodzenia $ciany spowodowane przez
wode opadowa.

Fig. 5. Plan of synagogue in Dgbrowa Tarnowska. Tension-strut system to resist the thrust forces.

Ryec. 5. Rzut synagogi w Dabrowie Tarnowskiej. System pretowo-ciggnowy rownowazacy sity rozporu.
Fig. 6. Triangular tension-strut sets to be placed on both sides of each roof truss.

Ryec. 6. Tréjkatne uktady pretowo-ciggnowe do montazu po bokach kazdego wigzara dachowego.

Fig. 7. Treasury of archcathedral in Lublin. Upper and lower vault during conservation.

Ryc. 7. Skarbiec archikatedralny w Lublinie. Gorne i dolne sklepienie podczas konserwacji.

Fig. 8. Tension-strut system assembled in the attic of Lublin archcathedral treasury.

Ryc. 8. System pretowo-ciggnowy zamontowany na poddaszu skarbca lubelskiej archikatedry.

Fig. 9. Treasury of archcathedral in Lublin. Cable system resisting thrust forces from the vault.

Ryec. 9. Skarbiec archikatedry w Lublinie. System ciggnowy rownowazacy sily rozporu ze sklepienia.
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Fig. 10. St Peter and Paul’s church. Tension-strut system lifting the roof footing beams.

Rye. 10. Koéciét Sw. Piotra i Pawta. System pretowo-ciegnowy podnoszacy tramy dachowe.

Fig. 11. Synagogue in Dabrowa Tarnowska. Wooden truss bowstring loading vault rib.

Ryc. 11. Synagoga w Dabrowie Tarnowskiej. Drewniany $ciag wigzara obcigzajacy zebro sklepienia.

Fig. 12. Synagogue in Dabrowa Tarnowska. Cable system lifting the roof.

Ryc. 12. Synagoga w Dabrowie Tarnowskiej. System ciggnowy podnoszacy dach.

Fig. 13. Building of Cracow University of Economics. Roof structure before and after rebuilding.

Ryc. 13. Budynek Uniwersytetu Ekonomicznego w Krakowie. Konstrukcja dachu przed i po przebudowie.
Fig. 14. New cable roof truss.

Ryc. 14. Nowy ciggnowy wigzar dachu.

SYSTEMY PRETOWO-CIEGNOWE W KONSERWACJI BUDYNKOW HISTORYCZNYCH - PRZYKLADY ZASTOSOWAN

Keywords: systemy pretowo-ciggnowe, sklepienia, wigzby dachowe, konserwacja budynkow

STRESZCZENIE

Systemy pretowo-ciggnowe to nowoczesne konstrukcje ztozone z wiotkich ciggien i membran zdolnych do
przenoszenia wylacznie naprezen rozciagajacych oraz wspétpracujacych z nimi pretéw Sciskanych. Sa lekkie i bardzo
efektywne pod wzglgdem wykorzystania wytrzymatosciowych cech materialow. Latwos¢ montazu w ograniczonej
przestrzeni np. budynku istniejacego oraz mozliwos¢ zmiany geometrii przez regulacj¢ dtugosci ciegien sprawiaja, ze
moga one by¢ przydatne w naprawach konstrukcji obiektow historycznych. Ich stosowanie jest zgodne z aktualng
doktryna konserwatorska. Autorzy prezentuja przyklady zastosowan tych systemow w obiektach historycznych.
Kamienne i ceglane kopuly i sklepienia wznoszone od czaséw rzymskich do konca XIX wieku byty stabilizowane za
pomoca masywnych $cian i zewngtrznych przypér oraz zelaznych $ciagéw. Sciagi te bywaty w pozniejszym okresie
usuwane, lub ulegaty korozji. Sciany i przypory w wielu wypadkach byly niewystarczajace do przeciwstawienia sitom
rozporu od sklepien, lub ich fundamenty ulegaty deformacjom. Powoduje to obecnie pgknigcia i odksztalcenia sklepien.
Naprawa konstrukcji nosnej powinna poprzedzaé konserwacj¢ wystroju wnetrza. Zaniechanie naprawy prowadzi
nieuchronnie do katastrofy i zniszczenia sklepienia.

Krakowski kosciot sw. Barbary posiada barokowe sklepienie kolebkowe z lunetami. Jego rozpigtos¢ wynosi 10,5 m.
W okresie niedawnego remontu zauwazono na nim podtuzne peknigcia $wiadczace o niedostatecznej sztywnosci
podtuznych $cian kosciota. Nalezato powstrzymaé rozwoj uszkodzen. Najprostsze rozwigzanie jakim bylyby
poprzeczne $ciagi w poziomie weztowi nie zostalo dopuszczone przez wladze konserwatorskie. Zaprojektowalismy
wige w obrgbie poddasza system prgtowo-ciggnowy zlozony z poprzecznych belek ze $ciagami spinajacymi $ciany
pdtnocna i potudniowa. Uktad ten miat rownowazy¢ obliczone teoretycznie sity rozporu przekazywane ze sklepienia na
$ciany budynku. Niestety nie doszlo do realizacji naszego projektu. Zamiast tego wykonano na grzbiecie sklepienia
zelbetowe zebra trwale ztaczone z plaszczem sklepienia. Jest to sprzeczne z zasadami konserwatorskimi.

W XIX-wiecznej synagodze w Dabrowie Tarnowskiej istnieje lekkie sklepienie wsparte na gurtach o rozpigtosci 14 m.
Nieuzytkowany od dawna budynek ulegt powaznej destrukeji, a czg$¢ sklepienia zawalita si¢. Prawdopodobna tez byta

korozja $ciaggéw na odcinkach ukrytych w murze. Dla przeniesienia sit rozporu zaprojektowaliSmy w przestrzeni
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poddasza, nad gurtami sklepienia, trdjkatne uktady pretowo-ciggnowe, ktérych dolne skosne ciegna zakotwione przy
wezgtowiach sklepienia miaty réwnowazy¢ sity rozporu. Wybrano jednak tansze rozwigzanie z widocznymi wewnatrz
dodatkowymi $ciagami ze stalowego ptaskownika w osiach gurtow. Takie tez zabezpieczenie zrealizowano.

Powaznie uszkodzone, zagrozone katastrofa byto podwdjne sklepienie skarbca Archikatedry w Lublinie. Zewngtrzna
$ciana budynku ulegta wychyleniu na skutek posadowienia na stabono$nym gruncie i dziatania sit rozporu. Podtuzny
wiazar dachowy zagrazat oparciem si¢ na sklepieniu. Na obu sklepieniach pojawity si¢ liczne i szerokie pgknigcia.
Zaprojektowalismy system ztozony z czterech pochylych stalowych belek potaczonych srubami z istniejacymi
krokwiami dachowymi. Gorne konice belek zostaly zakotwione do muru prezbiterium, a dolne na koronie muru.
Jednocze$nie podparty wigce zostat niebezpiecznie ugiety $rodkowy odcinek konstrukeji dachu oraz zwigzane podtuzne
$ciany budynku. Uktady ciggnowe zapewnily przeniesienie w dot sit spinajacych obie Sciany, w rejon podparcia
sklepienia na $cianie prezbiterium oraz redukcje¢ zginania stalowych belek zwigzanych z krokwiami. Konstrukcja ta
zostata wykonana i po zamontowaniu na poddaszu skarbca spetnia swoja rol¢ zgodnie z przewidywaniami autorow.
Drewniane konstrukcje dachéw sa najmniej trwatymi elementami budynkéw zabytkowych. Nieliczne zachowane
historyczne konstrukcje dachéw podlegaja obecnie ochronie. Ich wymiana powinna si¢ ograniczaé tylko do catkowicie
zniszczonych elementéw. Powszechnie obserwowanymi zjawiskami sa deformacje i nadmierne ugigcia drewnianych
wigzaréw dachowych spowodowane pelzaniem i czg¢$ciowo utrata wytrzymatosci drewna. Po setkach lat uzytkowania
ugigcia bywaja juz tak znaczne, ze dochodzi do oparcia dolnych elementéw dachu na stropach i sklepieniach budynkow
zagrazajac ich konstrukcji. W takiej sytuacji umiej¢tnie wprowadzone uktady prgtowo-ciggnowe umozliwiaja
wyprostowanie i regulacje geometrii konstrukcji dachu. Jej schemat statyczny ulega przy tym zmianie.

W krakowskim kosciele $w. Piotra i Pawla rozpigtos¢ konstrukcji dachu nad nawg mierzona migdzy liniami oparcia na
murtatach wynosi 14,5 m. Drewniane tramy ulegly odksztalceniu i oparty na kluczu sklepienia powodujac jego
obcigzenie cigzarem dachu. Tramy zostaly wyprostowane przez podniesienie ich srodkowych odcinkéw ku gorze za
pomoca ciggien ze $rubami rzymskimi. Wprowadzenie do istniejacych wiazarow dodatkowych sit wymagato jednak
wzmocnienia jetek i dolnych odcinkéw krokwi przykladkami z drewna. Sruby rzymskie umozliwiaja nadal regulacje
dhugosci ciggien i korekte geometrii wigzarow.

W synagodze w Dabrowie Tarnowskiej istnialo podobne zagrozenie sklepien. Drewniane wigzary wieszarowe,
trzywieszakowe o rozpigtosci 15 m z uplywem czasu oparly si¢ na kluczach ceglanych gurtéw sklepienia nad salg
modlitw. Zaprojektowane przez nas uklady ciggnowe mialy za zadanie pociagnac¢ boczne wieszaki wigzarow ku gorze
powodujac wyprostowanie dolnych $ciagéw zagrazajacych sklepieniu. Projekt zostal jednak odrzucony przez
wykonawce remontu. Podniesienie wigzarow odbylo si¢ bez naszego udziatu, prawdopodobnie z wykorzystaniem
dzwignikow hydraulicznych ustawionych na kluczach gurtow sklepienia, co powodowato dodatkowe zagrozenie.

W niektorych obiektach historycznych ochronie konserwatorskiej podlegaja tylko elewacje. Wewngtrzna struktura
budynku moze by¢ catkowicie usunigta i zastapiona nowoczesnymi, lekkimi $cianami i stropami. W takiej sytuacji,
przez kilka miesigcy trwania robot budowlanych, wnetrze budynku wymaga ochrony przed deszczem.

W budynku Uniwersytetu Ekonomicznego w Krakowie zaprojektowalismy w takiej sytuacji tymczasowy dach wiszacy
uzupeiajac istniejace wigzary ciggnami z pretow. Wykorzystano przy tym wigkszos$¢ elementow starej wigzby.
Przewidziano eksploatacj¢ dachu tylko przez jeden letni sezon budowlany, wigc w projekcie nie uwzglgdniono
obcigzenia $niegiem. Po ewentualnym uwzglednieniu w projekcie izolacji termicznej potaci dachu i obcigzenia

$niegiem dach mogtby stanowi¢ docelowe przekrycie bez podpor posrednich catej powierzchni poddasza.
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Przedstawione przyklady zastosowan systemow pretowo-ciggnowych w budynkach historycznych potwierdzaja ich
zgodnos¢ z obowiazujaca doktryna konserwatorska, a w przypadku tych zrealizowanych konstrukcji rowniez
skutecznos$¢ naprawy. Chociaz w wigkszosci budynkow, ktorych historia liczy setki lat, wystepuja podobne zagrozenia
i uszkodzenia o charakterze konstrukcyjnym, to oczywiscie w kazdym z nich konieczne jest zastosowanie
indywidualnego rozwiazania projektowego. Z pewnoscia w niedlugim czasie do wzmacniania konstrukeji
historycznych zastosowane zostana tez najnowsze systemy pretowo-ciggnowe np. tensegrity i sktadane konstrukcje
nozycowe. Wykonanie kazdego projektu musza poprzedzi¢ badania historyczne obiektu oraz szczegétowe pomiary
geometrii i odksztatcen elementéw konstrukcyjnych. Niezbedna jest tez ocena innych czynnikéw majacych wptyw na

statecznos$¢ budynku, przede wszystkim sposobu posadowienia i warunkow gruntowo-wodnych.
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