The work involved in the securing
of the roofing and cupolas
of the Abbey Church in Neresheim

F. WENZEL, Karlsruhe

Discovery of the damage

In 1966 an examination of the Abbey Church in Neresheim was
made by Mr. Thier, an engineer from Ludwigsburg. The purpose was
to decide whether, and in what manner, the building could be better pro-
tected against fire. During the examination it was discovered that the
plaster and painted surfaces of the cupolas were cracked in many places
and that the displacement of large pieces of plaster was a likelihood to.
be reckoned with. It was further noticed that the roof timbers in the
region of the intersection of the nave and transepts were rotten and had
sunk at the important points of the intersection; this meant that the possi-
bility of a collapse could not be ruled out. A particularly acute danger
for the loose plaster and rotten roof timbers was seen to lie in the vibra-
tions caused by the sonic boom from jet aircraft. Because of the danger
to the building and its visitors the church was officially closed in the
autumn of 1966.

Assessment of the damage

In March-April 1968 Mr. Pieper from Brunswick and myself investi-
gated the full extent of the damage in the course of a week’s examination.
We discovered that the roof timbers at the intersection were badly sagging
and in parts were rotten. The fault had originated in leaks in the plain
tiling on the roof, through which snow entered each winter, lay in the
ridges and soaked through the woodwork. The roof timbers over the
nave were, however, better preserved, except at a few intersection points.

In the meantine scaffolding had been erected inside the church, so
that we were able to look more closely at the underside of the cupolas.
The plaster and paint surfaces were covered with cracks; in some places
the plaster had been pushed outwards owing to expansion in the mortar.
The distinct symmetry of the cracks was particularly noticeable; for the
most part these cracks were not new and they were probably there in 1904.
The signatures of the restorers, written in pencil, can invariably be seen
between them. We were able to establish that they had widened since
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[t was not only in the roof timbers and in the cupolas that damage
w&\\Im‘mic:u!; the stonework was also cracked in various pl t\“C\‘\il
particular in the north wall of the nave and chancel, as well as i}n ‘lhcb L“l%[
tower and the adjoining wall of the choir. With the aid of a IL:\’L‘I we \\"L“Iit‘
able to establish that in both places the wall had badly sunk. Later
more precise measurements revealed that the walls were still .\]'l.lkil‘]” in
these areas. From this we concluded that in both places the foundations
were not adequate; our suppositions were later confirmed by test lmri:lg;

Composition and supporting effect of the cupola framework

The cupolas consist of wooden ribs 0.35 cm thick, radiati
central point and nailed to circular laths with an appmogimatglt;'nlt%af;;?)ig
cross-section: of 0.6 cm. Below the laths, the plaster has been laid on to
a thickness of about 2 c¢m, together with the painted surfaces, and from
above the laths are likewise covered with plaster 2-5 cm thick. The upper

part of the central cupola is also 1
over the ribs. po completely covered by laths and plaster

The cupolas were formerly suspended from the roofing. :
cupola resting in addition on four pairp:?)f columns. During rge’cgzll:trof:&axlll
in 1828, the cupolas were released from the roofing, and since then
they haye been carried not only by the four double columns but also
by special supports, each of which spans the distance from wall to wall
betwgen the cupolas. The central cupola weighs 100 Mp and the neigh-
boun_ng cupolas each weigh 19 Mp. These weights are carried over to
the ribs fr_om the laths, and from here they are transferred to an encircling
wooden ring and then through vertical and horizontal suspended beams
on to the supports. The wooden ring and the horizontal and vertical
beams are all interlocking. Above the four pairs of columns supporting

the central cupola the vertical supports beco: i
direotly on t the e vertics ppo! me props and lead the weight

One of our most important discoveries was that in view of i
of the laths and the way in which they were nailed to the ribs a trfxetg;a?tfizai
cupola supporting effect could be obtained. We therefore had a piece
of the plaster used by the restorers removed and were able to ascertain
that the laths effectively ran over several ribs without touching and that
the pressures of the laths were directly opposed. It was also discovered
that the numbers of iron nails and their cross-section in the most important
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places were just sufficient — though only just — to suit our measure-
ments. Had this not been the case, the cupolas would have acted merely
as adjacent ribbed arches and large bending strains and deformations
would have occurred in the ribs.

I would like to add here that the question of the distinction between
” cupola supporting effect ” and ” dome supporting effect ” could be of
importance for the restoration of other ancient wooden cupolas. At the
present time a course is being run at my Faculty which is to include the
establishment of an absolute criterion to distinguish between the two cases.

If we assume, to begin with, that the Neresheim central cupola is
continually supported all round by suspension or supports, the following
pressures will be found to exist : in the rib-direction, meridian pressures
which involve the plaster and laths of the cupola frame as well as the
ribs, and in the direction of the laths, ring pressures which appear in the
upper part of the cupola as pressure and lower down as tension. The
pressure is relatively low and easily absorbed, because the plaster and
laths again work together. The tension, in comparison, is greater, and
must be borne solely by the laths and nailing; as already said, this is
feasible at Neresheim, though only just. Where cracks occur in the cupolas
notwithstanding, the fault must lie in another direction.

We then found, with the help of a level that the frames erected in
1828 to suspend the cupolas had sagged in the middle by about 10 cm.
We also noticed that the saw-teething in the central part of the under-
fascia of the truss frame was in the wrong direction, so that the pressure
was borne by only the bolts and the building clamps. With time, this
had led to sagging and consequently there was a gap of about 2 cm sepa-
rating the fascia. Finally we found that the supporting capacity of the
spatial struts between the suspensions and the wall must be very slight,
because very few nails had been used to attach the struts of the suspension.

We calculated that the suspensions themselves supported only 30 %
of the weight originally intended. A further 30 % was supported by
the spatial centrifugal struts of the suspension. The remaining 40 %
was not carried by the suspensions, as a result of the deformation
which had developed over the years, and it was necessarily transferred
from the cupola itself on to the four pairs of columns, owing to the
deformation resistance of the cupola. This has caused the formation of
curved pressure areas, while strains are produced perpendicularly.

The pattern of cracks necessarily resulting from -the above arrange-
ment corresponds exactly to the actual pattern of cracks. In addition,
the bulges due to the pushing of the plaster outwards mentioned at the
beginning of this paper exactly fit the locations of the curved pressure’
areas. Lastly, the 4-point supporting system was confirmed by the
varying tensions in the wire-netting added in 1904 : the wires running
vertical to the cracks are subjected to considerable tensile stress (high-
pitch), whereas those runming parallel to the cracks are in gemeral slack.
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roof have been replaced and the loose plaster secured it can be considered
thath the sonic boom danger has been overcome, and in any case there
is no risk to any other structural parts.

Repairs completed to date

The strengthening of the foundations of the northern part of the
nave has been completed and the stakes are in place on the east tower,
where the underpinning of the stonework is shortly to begin. A great
many of the wall clamps are already in position.

A steel and corrugated iron roof is to be erected over the intersection
of the nave and transepts to provide protection, while the rotten roofing
over the intersection of the nave and transepts is removed.

A protective structure has also been put up to protect the intersection
cupola against falling material. The roof of the nave to the east and
west where it is not to be removed has been strengthened by wooden

cross-braces.

At present the new suspension for the cupola is being prepared and
the new cupola supports are being made in the steel construction work-
shop; their erection will begin in August. The new roofing for the nave
and transept is also to be erected this year. Next year it will be possible
to remove the temporary roof, and during the same year work will be
started on the renovation of the rest of the nave roof and the copper
coating of the roof as a whole. Hence by then the Abbey Church will at
least have recovered its familiar outside appearance, even if the interior
work takes a little longer to complete.

RESUME

TRAVAUX DE CONSOLIDATION AUX OUVRAGES EN BOIS

DE LA TOITURE ET DES COUPOLES
DE L'EGLISE ABBATIALE DE NERESHEIM

En 1966, on a constaté de graves dégats a D'église abbatiale de
Neresheim : le crépi des coupoles était fendu en de nombreux endroits;
la toiture de la croisée de transept $était fortement affaissée. Une inspec-
tion approfondie effectuée au printemps de 1968, a fait apparaitre que
les nceuds de la toiture étaient pourris par endroits. Il semble bien que
les fissures devaient déja exister pour I’essentiel lors de la derniére restau-
ration en 1904; depuis lors, elles se sont élargies quelque peu. Sur certaines
surfaces le crépi présentait des bosses et il était & craindre que des plaques
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en tombent. On a également reconnu des dégats a la magonnerie et aux

fondations. Clest la raison pour laquelle il a fallu fermer V’église par ordre
de police. :

Les éléments les plus intéressants de la construction sont les coupoles
en couples. En raison de Paction conjointe des couples et des lattes, elles
représentent des ouvrages réellemerit spaciaux de support des coupoles.
Malheureusement, les ouvrages de suspension exécutés en 1828 pour les
soutenir, présentent des défauts. Avec le temps, ces ouvrages ont fléchi
a un point tel que la coupole de la croisée de transept doit reporter elle-
méme une partie de sa charge sur les quatre paires de colonnes de support.
C’est cette action de support qui explique les fissures dans le crépi de la
coupole. ’

Il est nécessaire d’effectuer d’importants travaux de consolidation
a I'église abbatiale : la magconnerie doit étre haubannée par des tirants,
Les fondations doivent étre améliorées au transept nord et 2 la tour située
a Pest. La toiture pourrie de la croisée de transept doit étre remplacée par
une nouvelle charpente métallique. La toiture subsistante de la nef longi-
tudinale est 3 stabiliser et A réparer. Quant 3 la nouvelle couverture, on
prévoit une toiture en cuivre. Aux ouvrages proprement dits des coupoles,
il suffit d’exécuter des réparations locales. Les restaurateurs auront 3 assu-
rer la fixation des plaques de crépi. La coupole de la croisée du transept
sera suspendue & de nouvelles chemises d’acier. La charge ne devra étre
transférée des anciens ouvrages de suspension aux nouvelles membrures
d’acier, que dans la mesure ol ne se forment pas de nouvelles fissures.
Les ouvrages de suspension entre les coupoles secondaires sont 3 renforcer;
de nouvelles chemises d’acier n’y sont pas requises. :

Il résulte de mesures prises que I’église abbatiale ne courra plus
aucun danger en raison de la détonation supersonique des avions 2
réaction, lorsque la toiture de la croisée de transept aura été remplacée et
que le crépi branlant des coupoles aura été fixé.

Entretemps, une grande partie des travaux de consolidation des
fondations et de la magonnerie ont été exécutés. Un toit de protection
a €€ monté au-dessus de la croisée de transept. La toiture de la croisée
de transept a été enlevée a I’abri de ce toit. La coupole de la croisée de
transept a été supportée provisoirement par le bas, par un échafaudage
de protection. La toiture subsistant a I'est et & I'ouest de la nef longi-
tudinale a été stabilisée. Il est prévu que les travaux de consolidation
d’ordre statique seront terminés au cours de ’an prochain.



