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SYNOPSIS

In the present case, the stability of the abby-church of the monastery of Neresheim (SW -Germany) was essentially endangered 
by underground movement. Even after restoration in the seventies, now new damages, though small in extension, could be 
identified. For this reason, soil-investigations were carried out to ascertain the reasons for the movements of the church. It is 
highly probable that the special internal structur of the cover-layer and special inner erosion and suffosion phenomena will lead to 
material displacement from the cover-layer to deeper karst-cavities. The reason for this displacement of material will be seeping 
water which carried out fine-grained particles through narrow sand-gravel-layers inside the cover-layer to the deep karst aquifer. 
Therefore we ¡stalled a system of groundwater-gauges to observe seeping water movement. Finally different remediation 
methods will be proposed.

INTRODUCTION

Project of this paper is the abbey-church of the monastery of 
Neresheim (fig. 1). This historic building is located in the 
south-west of Germany near the so-called "Nordlinger Ries"; 
this Ries is a wide, circular plain with about 30 km in diameter 
as a relict of a miocSn meteoritic crater [3]. The church was 
built up in the 18th century by Balthasar Neumann, a very 
famous architect at that time.

Fig. 1: The monastery of Neresheim, located in the south-west

of Germany.

Being under construction in 1792, first problems with the foun

dation of the building came up, so that the architect had to 
change the original construction plan by reducing the weight of 
the construction [6], In the middle of this century, the stability of 
the church was more and more endangered, especially the

bearing system of the central cupola, caused by further slow 
underground movements and following tilting of the walls.

In the seventies an extensive restoration was necessary to 
secure the abbey-church and to rescue the building from 
decay: Besides other measures the cupola got a complete new 
static bearing system. The walls of the church were connected 
and fixed together with a large number of horizontal steel- 
anchors in such a way, that now you can speak of a 
"monolithic church-body". All these efforts led to a good stabili

sation of the construction; on the other hand, stabilisation of 
the underground was neglected.

Now, about 20 years after restoration, new damages, though 
small in extension, show that the movement of the under

ground goes on [2], As to be expected from the results of 
measurements with high precise movement surveying systems 
and corresponding extrapolations (fig. 2), it is obvious, that the 
continued settlements of the foundation will endanger the 
stability of the building once more.

Fig. 2: Results of measurements of high precise movement 
surveying and extrapolation of expected further 
movements.
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In 1990 a research program, sponsored by the federal ministry 
of research and technology (BMFT), with the intention to clarify 
the reasons of damages at historic buildings and to develop 
careful remediation methods was initialized. The Section of 
Earthdam and W aste Disposal at the Institute of Soil 
M echanics and Foundation Engineering, University of Karls

ruhe, started with a research program with the aim to study 
water-induced inner erosion processes and their effects to the 
long-term stability of historic monuments.

Besides others, the abbey-church of the monastery of Neres- 
heim was chosen as study object. This contribution gives an 
overview to the present works.

UNDERGROUND INVESTIGATIONS

At the beginning of the works, an investigation program started 
by studying all ancient documents which were available [5], 
Some old boring cores were found from the restoration period, 
but they could not give a satisfying picture of the underground 
situation, though the direct foundation soils were good explo

red.

The evaluation of the given data resulted in the need of further 
boring program for geological underground exploration. The 
result a clear view of the structure of the underground, given in 
fig. 3 as a block diagram. It is obvious that the underground is 
built up by two different formations: first the so-called "Bunte 
Brekzie" as a cover-layer, and then the so-called "M assenkalk" 
as the deeper, cavernous basis.

The "Bunte Brekzie" is a mixture of rocks from different strati

graphie and pétrographie origin. As a result of the meteoritic 
impact (about 15 million years ago) sedimentary rocks of the 
depth were thrown out and mixtured, including basement 
complexes. This mixture settled down in the area around the 
crater. It is built up of isolated jurassic limestone phenocrysts 
embeded in a groundmass of mesozoic clays and silts. Grain 
size distribution is very wide spread (from clay-fraction to 
blocks). This is the characteristic constitution and structure of 
the "Bunte Brekzie".

In addition to that formation, there also appear pure, imperme

able clay/silt-layers without limestone components, or there are 
regions with nearly pure sand/gravel-layers, the so-called 
"Gries”. W idespread, limestone blocks with several decimeters 
in diameter could be found. The water-permeable layers are of 
about 10-20 cm thickness and could be found in different atti

tudes. Inside these layers hanging groundwater storeys are 
developed. Communication between these storeys is probable.

The "Bunte Brekzie" was settled down on an old relief, built up 
of a bulky and karsted limestone, the so-called "Massenkalk". 
This limestone is of biogen origin and his source material was 
formed in a warm jurassic ocean by sponge- and coral-reefs. 
Karst forms like dolines are widespread in the area around the 
abbey.

As a result of the borings a depression of the "M assenkalk"- 
surface could be identified, exactly beneath the abbey-church 
(see figure 3). Because of the nature of the chalk-formation 
this form is to interprete as a doline. W ith the event of the 
meteoritic impact, the doline was filled with the ejected 
material, the "Bunte Brekzie".

Fig. 3: Block diagram and surface forms in the area around 
the monastery of Neresheim.

Fig. 4: Groundwater isolines in the area around the abbey- 
church of Neresheim.
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In fig. 4 the groundwater data are evaluated. The groundwater 
isolines show the depression in the same field beneath the 

church.

It can be concluded, that the, groundwater flow mainly runs 
through good permeable and connected sand/gravel-layers - 

as a hanging groundwater horizont - towards the doline which 
acts like a funnel. The karst-aquifer, is located further deca

meters deeper.

T IM E  DEPENDENT EROSIO N PROCESSES

After the analysis of the geological and hydrogeological situa

tion in the field of the building, it was the next task to develop a 
realistic model of the mechanism of the material movements, 

which cause the movement of the church.

As possible answer, material movements - because of inner 

erosion and suffosion processes - were assumed. In this case 

not only water but also soil particles have to move downwards 

into the funnel of the doline, that means from the cover-layer 
into the cavernous underground.

Special investigations are necessary to prove this mechanism. 

Modified pinhole-tests in the laboratory as well as water- 

catching installations in the field for registration of material 

transport in the observed sand/gravel-layers demonstrated, 
that the inner erosion and suffosion processess concept is va

lid.

Contact erosion occurs in the contact zone of the fine material 

layers to coarse grained soil layers. Here the fine grains near 
the contact zone were transported off through the coarse ma
terial. This process leads directly to underground movements.

In the given case, the two processes of suffosion and contact 

erosion appear in combination and the imagination is not far, 

that this processes are time consuming on one hand and lead 
to constant underground movements on the other. Till now, it is 

not claryfied, if there are also further erosion processes in form 

of piping (as given in fig. 5 c) in the underground beneath the 
church, but also this phenomenon cannot be excluded. Never

theless it is important to remember, that it can be assumed that 
the eroded material components will be washed out through 
the connected water bearing layers into the deep cavernous 

underground basis.

To prove the sensitivity to inner erosion processes of the 

"Bunte Brekzie" material, it seems necessary to get undistur
bed soil samples for corresponding erosion tests in the labora

tory. Because of the widespread grain size distribution and the 

maximum grain size up to boulders, no standard soil sampling 

system [1], [4] was available. Therefore it was necessary to 

develop a new sampling technique.

In fig. 6 a sketch of the concepted soil sampling cylinder is 

given. The diameter of the sampling cylinder is about 250 mm. 

A special cutting edge and special installations for catching the 

material were outlined: The cylinder will be closed at the end 
with a frozen plug, built up by liquid nitrogenium.

The principle processes of inner erosion are given in fig. 5 (a: 

suffosion, b: contact erosion and c: backward erosion). As well 

known [7], suffosion means the restorage and transportation 
process of fine material within a more or less stable pore 

structure of the coarser grains. As result you will get an in

creased pore volume with an enlargement of the water ways 

that means increased permeability with decreased density of 
the soil.

Phase 1 Phase 2 Phase 1 Phase 2

I Q ° r  ( 0 ) t ò

a: Suffosion b: Contact Erosion

c: Backward Erosion (Piping) 

Fig. 5: Inner erosion processes [7].

Fig. 6: Soil sampling cylinder for 250 mm diameter undistur

bed samples.

First laboratory tests with this apparatus have been sucessful 
and it is now possible to start with soil sampling in situ; in a first 
step in a pit and planned also in bore holes with corresponding 
boring diameter.

DEVELOPM ENT O F REM EDIATION M ETHODS

T h e  w orks of

•  investigation of the geological and hydrogeological under

ground situation by borings and pits as well as geophysical 
methods

•  in situ observations of the object by high sensitive geodeti- 
cal methods and continuous electric groundwater level 
control systems

• soil mechanics and mineralogical identifying tests

•  soil sampling and erosion tests

are running.
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The remaining part of the project works is to develop a careful 
remediation method for the long term stabilization of the foun

dation of the abbey-church.

Appended to this aim, the following conditions have to be re

garded:

• The existing range of the groundwater level may not be 
changed, because of avoiding of further consolidation on 
the one hand, and - in exceeding the maximum level - to 
produce further moisture transportation into the church 
walls, which will damage the famous paintings inside.

• If the groundwater level comes up to a certain level, it will 
be possible that there will occur an activitation of a creep 
slope by the church.

The underground stabilization therefore has to pursue the fol

lowing aims:

• Stopping, or at least delaying of the inner erosion proces

ses.

• Processing the groundwater level to a more or less con

stant middle value or to a compatible range.

To reach these aims it is necessary to develop soil stabilization 
methods without or with compatible sealing effect and - if 
necessary in addition - groundwater level processing systems.

Research works in these fields are started. Normal grouting 
works cannot fulfill the requirements. Therefore the develop

ment of drainable injection methods for water bearing layers in 
the underground is necessary. These injection plugs should 
operate like filters: retaining soil particles but being water per

meable furtheron.

First efforts in laboratory test with special waterglass-, carbon- 
dioxide- and air-injection methods showed, that it is possible to 
produce stabilized soil structures without reducing the water 
permeability essentially. Afte r injecting the soil with waterglass, 
the excessive material was displaced by air stream, until only 
20 - 30 % of the initial pore volume remains filled with water- 
glass. Afte r this process, the carbon-dioxide was injected to 
harden the residual waterglass in the pore wedges. Thus, the 
grains get covered with a thin layer of waterglass which fixed 
the soil grain structure. As result indeed a stabilization of the 
erosive material is observed without loosing the drainage 
capability of the soil body.

The planned further research works contain remediation 
measures, which will be developed, tested and - after its re 

habilitation - applied in a careful manner so that they lead to a 
improvement of the longterm stability of the underground and 
thereby of the historic substance itsself. The expected results 
will be transferable to other constructions with similiar under

ground conditions.
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CONCLUSIONS

The culture of human beeings is documented in the ir historical 
monuments and buildings. It is our task, to survive these 
documents for our children. In the past, the foundation and 
underground problems of such structures often were 
neglected.

Nowadays it seems, that we have the knowledge and tools to 
search for methods and remediation solutions to stabilize dif

ficult underground situations and to save those precious 
monuments from decay.

The given paper reports on research works to develop investi

gation, observation and remediation works for historic buil

dings. The special demand for such works is the carefulness of 
all proposed measures in such a way, that the original state of 
building can be maintained as fa r as it is ever possible.

The actual choosen project as an example for such measures 
is the abbey-church of Neresheim in western Germany. Inten

sive underground investigations as well as special project ob

servations led to an undispensable optimized information of 
the complex processes of inner erosion in the foundation area 
of the historic building.
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