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1. Introduction

A the bogining of 1 year the extensive bulding work  raffic. For several decadas now it & generaly accepted
ol the 6 km lang raiway tunnel Citybanan (the City that vibrations can cause acceleraled agng and
Line") m Slockholm started. This building work mncluges. imeversible damage to historic buldings [1] In contrast
the man tunel as wel as els and new  tathe previous tunneling werk

underground stations. The tunneling lechniques used
are biasing in combination wiih pile drving and savang
The buikling work wil last appromately 10 years and
wil take place direclly undsr of very close o five
historically imporant churches in Stockhoim

The chuches conain soma of Sweden's most
historically valuatwe architecturally ntegrated arifacls
such as altss, pulpits, tombs, mural paintings and
sicco. The luaneling wil generale vibralion over
‘saveral years, In 5oma churches the extent of vibralions
on the buldngs can aiso increase due 10 1he futue train

Stockhoim. this project was early focused on trying to
‘avoid damage to tha histoncal churches 10 oceur in the
firgt placa. [2] The awareness of preventve solutions
and risk raduction was from an early slage integrated
into the project
In lage infrastructure projects bk ths. the risk
nt is very ofien focused on the buiding as &
whole: Potential fisks and damage a1 Synonymous with

consaquence, the entire structure of the churches is
examined by expers who afe sensitve 1o these

aspects.  Vuinorable  archieclwal  swfaces  and
integrated  historical an  objects afe not teated

separately.

The City Lin project in Stockhoim has sought to comrect
this by deliberalely developing a working modl, which
makes a distinction between the architectural surfaces.
historic. artifacts, wall pantings and stucco and the
busicing fabric itself.

2 investigations

2.1 Background

In Sweden bulding mspections prior 10 tunnel biasting
are caried out on the basis of the Swedish standard 55
460 48 60. The aim of this standard s 1o astablish the

if any due

This is done by dafining tha condition of the entire
buiding betore for exampie bissting or pile diiving. This
starddard comprises no special procedre of treatment
for historical buidings and art abjects. Apart from this
starcdard, there is no other specic framework
speciiying how lo conduct pre-inspections of historical
buidings or archilectural integrated artifacts before any
vibeation related bulding werk. In this paticular case,
there was also no specdic cullral property law hat
dafines or recommands an appropriate appoach for
the architectural surfaces and infegrated art objects

Due ta this lack of guideiines. a team of consenvators
with different specialisalions (wood, painting, stone and
mural panting) was established within the project. They
whete given the task of developing @ customised
rrvestigation solution for the integrated artitacts in the
churches allected by this project.

220teche

The @im of the investigation was lo carry out n an early
phase - L. belore any buiding work stads - an
contfication of risk arcas thal polentialy can be
affected by long-term vhvalion caused hom the
wnefing work and fulure Irain raffic. In additon 1o the
condtion recording and examination of the malerial
composition. this investigation focusad o7 how the
artdacis are inlegrated with the building. Based on the
mwestigalion resuls preventive solutions

Ths part of the investigation aimed @ identéying the
materials used, the combration of matenals and
construction techniques of altarpieces, puipits. tombs,
mural paintings and slucco décoraton. The method
used followsd common practice wihin consenalion
documentation [3] but spacial care was taken 1o make i
understandabie (0 the diferent stakehoiders within the
project who come from cifferent backgrounds. A clear
and smpified visualsation was required. A sgniicant
part of the examination was Io idenlify how arlifacts
connect 1o wals, floors and rools and o what extent
these bounderies are ofginal of ales aditiens. (Fig 1)
Technical equipment such as endoscopes and porable
micioscopes were heiphul in oder lo idently the
materials and construction techniques. (Fig. 1),

Fig. 1- Exaniation of the waliniegrated atar in Mavia
e

ine wall Phofo: A g

€. Condltion sunvey
The condiion sunvey was imited 1o recording mainy
sincural damage and weakness in the ineraction

were developad lor the ntegrated art objects and
wchiectural surfaces. These solutions should minimize
e sk for viralion-induced and deterioration
for these types of objects of the hisiorcal churches
congemed

! 3 Meihod's

he ivestigation wok was camed oul by the
congenvation-team using scafioldng. The following
ocess and methads were applied

A Base maps for survey and monitoring

An overail intial photo documentation was carried oul
These pholomaps acted as a base map lar the
folowing survey of consiruction and recarding of current
damage. This enabled visual documentation usng

buidng

of construction. All was
recorded as well as tencencies 1o deleroration that
couid be affected by long-tem vicrations.
For plastered vaulls and wals, diferent crack types
arcas of cawly and loose plaster or stucco were
rocorded. The intemal condifions of the plastered
suaces were investigated by piaster analysis and in
silu measurement by micro drling resistance [4]

D, Archive research

A5 a complement 1o the examination of condtion and
construcion an archive research was camed oul
focusing in paricular on explanations regarding the
causes of the tecordect condition. The archiva research
could alsa reveal information about changes in the
consinuclion and previcus restoralion treatments, re-
design of altars or reamrangement of atfacts m the

awRE




interupt. th

d fo the wal by

ing areas
A $e1 of monioring areas aio sekecied in

taf Vasa church

s Fig
n e controling these m

135 risk @reas. :j‘ 34). The
nlege
h o . type of Constnu
s deperet on camtition o e b n plaste, stuce
ia, the patern f teracion nthe buidng  00r@vated n & vibtation
1

his project

{he imvesli

72 e5pEC
Toct tha ey 1h|r‘.

were
he ra




—

PREVENTIVE CONSERVATION OF CHURCHES DURING TUNNEL WORKS IN STOCKHOLM

architectural artifacts and surfaces made the project
more difficult to manage.

What is apparent in this type of project is that regardless
of good intentions different stakeholders have different
concerns that sometimes can be in conflict. Examples
of this are understanding of historic and irreplaceable
values, level of prevention, definition of adequate risks,
budget constrains and project time lines.

The experience from a conservator's point of view is that
an understanding of these valuable and irreplaceable
parts of a historic building was reached first by treating
the architectural artifacts and surfaces separately from
the building as a structural unit. This approach enabled
the setting up of the applied investigation model, risk
assessment and developed preventive solutions.
Preventive conservation is an interaction of several
solutions. Our investigation reveals that a long-term
preservation of these integrated artifacts can only be
reached if the indirect and direct solutions are
interacting. This project had phases where the different
stakeholders very often focused on only one solution.
The appropriate level of vibrations during the blasting
period was often highlighted as a separate solution. The
prevention of vibration-induced damage should be
treated as an entirety. This involves a combination of
appropriate level of vibrations during the blasting, ways
to reduce the vibrations or interrupt vibration
transportation to the artifacts and in some cases carry
out temporary facings.

Often there was a lack of comprehension that
preventive conservation measurements also are needed
after the tunnelling work is completed, as permanent
changes in the environment of some churches will take
place due to future train traffic.

Fig, 6: Condition survey by mapping of the stucco altar
in Maria Magdalena church. Photo: H. Ekestang

6. Conclusion

In the field of architectural conservation there is a lack of
applied research regarding critical vibration velocities
and damages on architectural integrated art in historic
buildings. In combination with the absence of
frameworks in Sweden, that provide guidance in
evaluating risks associated with vibrations generated
from tunnelling work and how it impacts large scale
architectural artifacts and surfaces made the project
more difficult to manage.

The City-Line project developed an investigation model,
which distinguish the architectural surfaces, historical
artifacts, wall paintings and stucco from the building
structure. This way of working enabled a proper risks
evaluation for these art objects. Through this
investigation model, object specific risks could be
identified for the architectural integrated artefacts in the
churches. This made it possible to integrate preventive
conservation solutions in an early phase of the
tunnelling project.

As an addition to the general condition survey
undertaken this investigation also focused on the
construction of the artefacts and their structural
interaction with walls, floors and vaults. This was an
important element in estimating how sensitive the
artifacts and architectural surfaces are to vibrations that
move through the building during the blasting. The
combination of current condition of artifacts and their
exposure to vibration was evaluated when identifying
risk areas.

This project shows clearly that long-term preservation of
valuable and irreplaceable parts in a historic building
affected by vibrations can best be realised if the
preventive solutions are strongly interacting in an
entirety. An example of this is the combination of
appropriate level of vibrations during the blasting, ways
to reduce the vibrations or interrupt vibration
transportation to the artifacts and in some cases carry
out a temporary facing.

For the project implementation of the preventive
conservation solutions a basic and distinct terminology
was set. The preventive conservation solutions were
divided into direct and indirect preventive conservation
solutions. This distinction made it easier to discuss the
deployment of the solutions with the different
stakeholders and how it affects their area of
responsibility. The definitions also aimed to make it
clear that preventive conservation is an interaction of
different solutions and that the responsibility for
implementing them might lie with different groups.
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NOTES
[1] FIELDEN (2001), p.156,158.

[2] Information about damage on artifacts in the churches of
Stockholm during tunnelling work for the subway. Document
for Adolf Fredrik church reports that a stucco-relief integrated
in the wall was damaged by cracking during tunnelling 1949
in; Till Kyrkoradet i Adolf Fredriks forsamling i Stockholm®, in
document for Adolf Fredriks kyrka (dated 1949-03-30).
Statment by achitekt M. Westerberg in in Stockholm City
Archives.

[3] KOLLER (1994), p. 7.

[4] In some churches the plaster of the architectural surfaces
was characterized by thin section to retrieve information about
the type of plaster and the internal structural condition. On
monitoring areas the adhesion to different plaster layers and
the adhesion to masonry was measured in situ by drilling
resistance measurements. Download:
hitp://www.sintechnology.com/html/DRMS_Cordless.html ( 5.
June 2009).

[5] The project applied a basic evaluation based on the
results from investigation results in B, C and D in the model.
None of the available frameworks for risk assessment in the
field of cultural property was possible to apply within this
project. JEBERIEN (2007), p.21 ff. The setting of scenario
after BROKERHOF et al (2007), p.10 was used in presentation
but not systematically in the overall project.

[6] TORRACA (1988) p. 53, 62
[7] MORA, MORA, PHILIPPOT P (1984), p. 209.

[8] Vibration levels are defined in peak particle velocity (PPV)
with the unit mm/s.

[9] JAGER W, RUGE P (2008), p. 4.

[10] Stakeholders of the project are blasting experts, building
engineers, blasting company, project managers by national
railway commissions and church authority representative.

[11] LEVIN (1992), web-version.

[12] HENNINGSSON (2008), p. 7
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