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Introduction

In 1916, the University of Oslo (UiO) received an im-
portant art donation for its main Assembly Hall, The
Aula, in the form of a monumental decorative scheme
painted by Edvard Munch.! This remains the only
room decoration by Munch to have been preserved in
its original context. The scheme consists of eleven large
scale paintings dating from 1909 to 1916 and with the
two largest, History and Alma Mater, measuring ap-
proximately 4.6 x 11.6 m. The paintings are executed
in oil paint on eighteen separate pieces of canvas and
they are unvarnished,” covering an approximate sur-
face area of 220m>.

Since their installation in 1916, the Aula paintings
have been subjected to a history of different struc-
tural treatments and cleaning programs.® They were
taken down only 10 years after their initial hanging
due to heavy soiling. Their surfaces were cleaned and
reverse sides coated with a water-soluble mixture of
chalk, zinc and lead white and the canvases were re-
attached onto new stretchers. During the spring of
1940, the eleven paintings were crudely cut out from
their niches in the walls (removing the original tacking
edges), rolled up, and stored for safe keeping during
the course of World War II. Their post war re-hang-
ing of 1946 led to all eleven pictures being further cut
down in size* and glued onto 4-5 mm thick masonite
boards using a rye flour paste adhesive.” These ma-
sonite sheets were joined together and strengthened
by a timber framework to the reverse. Extra insulating
glass fibre mats were also attached between the timber

Backing Munch — past and recent
attachment of Edvard Munch’s mo-
numental Aula paintings to rigid
supports

boards and the reverse sides were covered by sheets of
brown paper glued to the framework. The marouflage
materials used in the two largest paintings, helped to
increase their total weight up to approximately 450 kg.
In 2006, The Munch Aula Paintings Project (MAP)
¢ was launched, and it soon became evident that the
wooden framework had created a series of problems;
notably, the concave and convex warping of the paint-
ed surfaces, acute flaking paint and visible cracks run-
ning through the paint and ground layers down to the
canvas support (figure 1). This, in turn, had resulted
in the nails used for fixing the framework to the ma-
sonite boards having begun to push outwards towards
the front of the paintings. They were pressuring the
verso of the canvases and with time could risk pierc-
ing through them.” In addition, the wooden structure
had functioned like a cold bridge® producing a re-oc-
curring pattern from dirt accumulations on the paint-
ings’ surfaces. Finally, the paintings’ wall attachment
fixtures had started to fail.’

The recent backing treatment’® for the Aula paint-
ings coincided with the total renovation project of
the building itself to mark the 200 year anniversary
of the University of Oslo in 2011. It’s time scale was
thus determined by the government’s funding of the
building renovation spanning from 2009 to 2010.*
The paintings were first dismounted and transported
to a temporary studio. Due to their rigid masonite
supports the canvases could no longer be rolled and
transported out of the building. A special door had to
be created for the evacuation of the larger paintings.
This is located in the middle of the north wall behind
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1 Detail of Men Reaching towards the Light showing a typical tear and bulk in
the canvas, flaking paint and a number of paint losses. These were caused by
movements in the wooden framework behind the masonite from 1946.
Photographer: Mirjam Liu, January 2011.

the main painting entitled, The Sun (figure 2)."” The
eleven paintings were then surface cleaned, parallel
to the continued in-depth investigations concerning
the condition of the paint surfaces and Munch’s tech-
niques. The structural conservation treatment was
carried out in 2010 and all the eleven paintings were
returned to the Aula during the beginning of 2011.

Alternatives for structural
conservation

A pilot-project carried out during 2006-2008 revealed
a wide variety of limitations and options relevant to
proposed conservation treatments. The condition of
the paintings appeared to be similar across the elev-
en works and the artist seems to have also used the

258

2 The new door (5,6 x 0,55 m) during opening at night. Photographer: Karen
Mengshoel, March 2011.

same type of materials and techniques in all. Standard
methods using temporary paper facings together with
an aqueous adhesive could not be used to protect the
paint surfaces due to Munch’s painting techniques.
Another aspect that helped to dictate the nature of
treatments employed was the sheer size and weight of
the art works in question. The logistical and practical
constraints concerning lifting and turning the canvas-
es meant that the conservators would have to rely on
professional movers'® and specialised equipment** for
basic handling throughout the course of their conser-
vation.

Another constraint to the project was importance of
keeping the Aula Hall’s current acoustic value.'® This
implied that the paintings were to keep their same
mass per area ratio (kg/m?) if any materials were to



be removed or replaced.'® The now defunct 1946 wall
attachment fixtures exposed the need for a new re-
hanging solution with an improved and reversible sys-
tem.

The pilot project produced three different options
concerning possible structural conservation methods:

Option 1: To keep the existing semi-rigid backing
support system from 1946 (masonite and timber
framework).

This was regarded as the least invasive approach as well
as the least time consuming. Another benefit was that
the acoustic quality would remain the same. It would,
however, require the need of an additional four-edged
frame anchored into the wall so as to make a new and
better wall attachment support for the paintings. The
depth of niches could easily accommodate such a frame
and this solution would increase the air gap between the
reverse side of the marouflage materials and the wall.
In addition, the edges could be sealed off to prevent a
draft, thus improving the overall insulation behind the
paintings. Increased insulation could probably reduce
the dirt pick-up but it would not prevent the contin-
ued structural movements in the paintings supports
caused by the Hall’s fluctuations in relative humidity
(ranging from 8-80% RH.'”). Numerous disadvantages
outweighed the benefits such as; the localised de-lami-
nation between the canvas and masonite supports, the
risk of nails piercing through the canvases, increases in
cracks, and the possibilities of further paint loss. In ad-
dition, this option would not solve the unstable concave

and convex warping of the paintings’ supports.

Option 2: The removal of the masonite marouflage
and the re-lining of the original canvases.

This would regain a canvas painting’s appearance and
eliminate the disturbing concave and convex warps.
Any additional textile support (including new stretch-
ers, possible interleafs/inlays and layers of adhesive)
would not necessarily alter the acoustic quality of the
Hall so long as the lining materials had the same kg/
m? mass ratio as the 1946 marouflage. Nevertheless, a
return to a flexible support would require an increased
dependence on stable environmental conditions, a
standard which is often difficult to achieve in listed

and historic buildings. Another disadvantage would
be the actual physical intervention of the marouflage
reversal. All backing materials would have to be care-
fully removed including the mechanical removal of
the hardened glue paste residue from the reverse side.
This procedure typically employs a tough and com-
plete temporary protective facing so as to avoid the
risk of damage incurring to the paint layers.*® In addi-
tion, five of the paintings were made from two pieces
of textile and one from three. The lack of original can-
vas seams and seam hems, helping to keep the edges
together, would also have to be considered. Finally, if
all the paintings should be treated simultaneously and
within the limits of a two year working period, this ap-
proach would require access to a substantially larger
working space (500-600 m?) ** as well as a larger crew
of conservators.

Option 3: The addition of a rigid support to the
existing marouflage.

This alternative would essentially help increase the ri-
gidity of the existing supports and minimise the pos-
sibility for further warping. A more flexible indoor
climate would also be permisable in comparison to the
other two options presented. The method would only
require the removal of the 1946 wooden frameworks
(including paper and insulation) avoiding any direct
contact to the reverse of the canvases. The acoustic
levels would remain unchanged as the kg/m? mass ra-
tio difference could be re-calculated back to the same
level through the new secondary reinforcement ma-
terials. Disadvantages included the need to have all
paintings face down, but for a much shorter time and
with less risk of damage as in option 2. The question
of a temporary protection of the paint surfaces would
also pose an important challenge.

After much discussion, option 3 was chosen for fur-
ther investigation.

3 Material requirements and test
panel

The option of adding a second and more rigid sup-
port to the existing marouflage entailed demands to
the qualities and characteristics of the materials that
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would be used, both temporary and permanently. In
addition, “try-outs” had to be performed on a test pan-
el to ensure that the procedure was viable.

The vulnerable nature of Munch’s unvarnished paint
(easily stainable colours and ground) influenced the
need for a localized, temporary®® protective facing
in the form of a non-aqueous product with minimal
solvent components, which would be both easily ap-
plicable and removable and without dirt cleaning
properties during removal. Cyclododecane® was
considered as an option, being an organic compound
which at room temperature sublimates from a solid
to a gas without a liquid phase. Extensive tests were
carried out recording the rates of sublimation at two
different room temperatures 16°C and 23°C. The
sublimation rates of cyclododecane covered with
foam (the same type was used as local facing when
the paintings were laid face down) versus uncovered
cyclododecane areas, melt (60° C) and mixed applica-
tions (1:10 cyclododecane to white spirit), and its ap-
plication on absorbent and non-absorbent grounds
were tested and recorded. Further tests were also per-
formed on absorbent grounds with some dirt accumu-
lation in order to investigate if cyclododecane would
have an effect on the appearance of the surface after
sublimation. The general results from the tests showed
that the un-covered samples at 23° C sublimated no-
ticeably faster than the covered samples at 16° C. The
difference between them being approximately 2 weeks
to 1 month for the complete sublimation at 23° C de-
pending on the thickness of application, compared to
1-3 months at 16° C, again depending on the thick-
ness of application. Cyclododecane as a melt and as
a mixture with white spirits adhered well to absor-
bent grounds but was less effective on non-absorbent
grounds since it tended to break off more easily. Lastly,
the tests showed that cyclododecane would not have
an effect on the appearance of the slightly dirty surface
after sublimation. In relation to the Aula paintings,
the samples tested at 16°C and covered resembled the
more realistic scenario since the paintings would be
face down. Equally, cyclododecane, both as a melt and
as a mixture, could likewise be applied as facing on the
paintings as it would sublimate in time before their re-
installation in the Aula Hall.
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The list of requirements for the new rigid support was
extensive; the material had to be inert, stable, flame
and water-resistant, contain no volatile or metallic
components, have an increased stiffness, have good
thermal insulation properties but keep the same thick-
ness and weight ratio as the existing wooden frame-
work and the insulation.” In addition, it had to be
produced on large scale, so as to minimize the num-
ber of joints, and there had to be holes through the
new panels to prevent air pockets occurring between
them and the masonite during the gluing procedure.
A 30 mm thick honeycomb board was suggested by
the company AIM Composites Ltd (hereafter AIM)*
with a core structure of aramid fiber paper and sur-
face skins of woven glass cloth impregnated with heat-
resistant phenolic resin.**

Similar stringent demands were also set for the main
marouflage adhesive. The glue had to be applied cold
and without any use or emission of heat. It should
not emit any volatiles during the final preparation in
the studio, or during its application or setting. Cur-
ing should involve low pressure and only have an open
working time for at least 2 hours with a minimum
setting time of 24 hours. In addition, it should have
some gap filling capacity, high stiffness (good binding
capacity) and stability close to Feller’s class A > 100
years. After extensive testing on samples of masonite,
a two-component modified epoxy, Aerok ° 2100,>® was
chosen.?® Joining of honeycomb panels was proposed
using a two- component epoxy resin.*’

For any extra local gluing necessary during the pro-
cess, Araldite ° AY 103/HY991,*® was also suggested,
having a low-viscosity and being easily spreadable. It
could also be applied with a syringe through the holes
in the honeycomb, filling possible voids between ma-
sonite and honeycomb after the main marouflage pro-
cess.

The purpose of the test panel was to examine the suit-
ability between the previously marouflaged paintings
with that of the new attachment procedure as well as
the new materials chosen in collaboration with AIM.
The semi-rigid support of masonite and framework
was constructed from two sheets of masonite held
together by a wooden framework similar in construc-
tion and dimensions to the 1946 marouflage. The



framework was also positioned so that all the edges
as well as the joins between the masonite sheets were
covered. A rye flour glue was used and small headed
tacks were nailed in a similar fashion as in the original
paintings. A piece of canvas, half the size of the small-
est of the Aula paintings, was prepared on both sides
with a mixture of chalk, zinc white and animal glue
to simulate the paintings’ original ground layer and
the 1926 preparation layer on the reverse. The canvas
was then marouflaged with a mixture of rye flour and
animal glue®® onto the masonite boards. The adhesive
between the canvas and masonite were applied with
a flat spatula (not toothed as was used in 1946). Heat
and pressure were then applied with a commercial
iron through brown paper from the front of the test
painting. This procedure is likely to have been the
same as when the original paintings were marouflaged
as residues of brown paper imbedded in the paint lay-
er were found on some of the paintings. Considerable
heat, 150-200° C, and applied pressure were necessary
to fix the canvas to the masonite. Small de-laminations
were observed where the adhesion was poor due to the
lack of pressure or failure of the rye flour glue. The test
painting was then left to dry for one and a half months.
When the test panel had cured it was turned face
down on to sheets of foam® laid out on the floor,
simulating the method for how the new marouflage
would be applied with regard to the sheer size of the
actual paintings. The wooden framework was then re-
moved (see paragraph 4), the reverse of the masonite

3 Visual examination of the test panel with a double marouflage after being cut.
Photographer: Karen Mengshoel, April 2010.

prepared, and the new marouflage materials attached
to the reverse (see also paragraph 4). After curing, the
test panel was then cut in to several pieces so that the
efficiency of the bonding between the masonite and
honeycomb could be assessed (figure 3). The immedi-
ate results showed that the marouflage process of the
test panel was unsuccessful with large areas of visible
delamination between the two materials. The reason
for this was not due to the materials or process but
rather caused by an uneven floor. Since both the foam
sheets and the masonite are malleable materials they
formed closely to the contours of the uneven floor
in contrast to the stiff and level nature of the honey-
comb panels. This meant that either, a greater amount
of pressure was necessary in order to counteract the
uneven nature floor or, that the working floor itself
had to be leveled out. It was considered unsuitable to
exert more pressure since this would put the original
paintings under an unacceptable amount of stress and
the working floor had thus to be leveled as evenly as
possible. In addition, the slight gap filling ability of the
adhesive, required the new leveled floor to ideally have
no more than 1 mm deviation per meter. This is a stan-
dard that was difficult to obtain since the highest class
of Norwegian floor leveling is less even than this, but a
definite re-leveling was necessary before the working
floor was acceptable for the proposed treatment.*'

Structural treatment 2010

Prior to the structural treatment of the paintings in
2010 several other actions were carried out, such as
the removal of the paper and insulation materials to
the reverse sides and the consolidation of flaking paint
and surface cleaning of the painted surfaces. Munch’s
use of a lean oil paint mixture combined with large ar-
eas of exposed ground and no varnish influenced the
choice of dry-cleaning methods against using solu-
tions due to the risk of staining.*®

The paper and insulation to the reverse sides were
detached right after the paintings were transported
to the temporary studio as these materials could emit
dust and hazardous glass fibers into the working areas.
The paintings were then surface cleaned with latex free
polyurethane® sponges. During cleaning, isolated ar-
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eas of flaking paint was consolidated with 3% sturgeon

glue solution in distilled water. Consolidation was per-
formed during cleaning and not prior since this was
the most effective due to space and time constraint.

The characteristics and condition of the original paint-
ing techniques led to the decision to choose cyclodo-
decane as the non-aqueous material for the temporary
facing. Two different solutions of cyclododecane was
used as a protective facing to sensitive areas on the
paintings such as, high impasto, areas with cracked
paint and areas above the masonite joins (figure 4)

262

4 Detail of Alma Mater showing
stripes of local facing with
cyclododecane in areas that
correspond with masonite joins.
Photographer: Karen Mengshoel,
September 2010.

5 Reverse side of the masonite
attached to The Sun with holes and
gaps leveled with commercial fillers.
Photographer: Karen Mengshoel, June
2010.

where there were risks of movement after removal
of the framework. For the most part cyclododecane
dissolved in white spirits (1:10 cyclododecane to sol-
vent) was preferred because this solution had longer
working time and good handling properties. In some
of the paintings the solution created haloes* in the
absorbent paint and ground. This meant that the fac-
ing material had penetrated deeper into the painting
structure than expected and would therefore take
longer to sublimate. In these areas cyclododecane was
applied as a melt instead of as a solution.



The next step involved placing the paintings face down
onto sheets of foam over a large sheet of Tyvek (larger
than the painting) on the newly leveled working floor
(see also paragraph 3). Preparation of the reverse sides
involved removal of the wooden framework, extrac-
tions of nails and preparation of the masonite. The
framework was cut into smaller pieces (approximately
5 x 3 cm) with a circular saw to ease the removal. As
a safety margin, the circular saw was set to stop a few
mm before reaching the masonite and the job was
then finished by hand with a fine toothed saw. One
single strong tap with a mallet dislodged the wooden
framework, limiting the amount of vibrations.** The
paintings could now no longer be moved as they were
only held together by the rye flour layer between the
canvas and masonite boards. With regard to an emer-
gency they could be moved by pulling the Tyvek sheet
along the floor underneath the foam.

After removal of the framework and the nails, the
masonite’s surface had to be prepared prior to the at-
tachment of the new and additional support. It was
imperative that the masonite’s surface was as level as
possible due to the limited gap filling properties of the
chosen adhesive. Raised areas were sheared off with a
sharp scalpel or knife and any small indentation were
filled with commercial fillers.*® Larger holes in the ma-
sonite, like screw holes from previous attachment to
the niches, were taped with masking tape since these
holes were too large to be filled. The whole reverse sur-
face was then sanded down with a fine sandpaper to
remove any excess filler as well to ensure a good grip
for the gluing (figure 5). This process of leveling and
sanding was repeated several times until the correct
level surface was acquired. Lastly, the masonite was
vacuumed and cleaned with isopropanol.

The edges of the painting had to be prepared so as to
safeguard that no adhesive would spill over the edge
and adhere to the canvas (which in some areas was
larger than the masonite) and the painted surface itself.
A silicone adhesive release tape® was used to mask off
the edges, approximately 5 mm in over the masonite,
with the rest of the tape adhered to the silicone release
paper (figure 6). Any spillage would then run down the
silicone paper and not onto the foam which could risk it
coming into contact with the paintings surfaces.

6 Detail of the reverse side of AlIma Mater showing the masking with a
silicone release tape and paper to avoid spillage of the marouflage adhesive on to
the surface of the painting. Photographer: Karen Mengshoel, September 2010.

Preparation of the honeycomb panels consisted of a
light sanding of the contact surface and cleaning with
isopropanol. Due to the sheer size of the paintings, five
of the eleven required for the honeycomb panels to
be attached in sections.*® These were joined together
with a tongue and groove join (figure 7) with tape on
one side of the open tongue so as to ease the process.
Prior to the final gluing, dry fit tests of the new hon-
eycomb supports were performed. These were carried
out to insure correct alignment and because it would
be very difficult to move the honeycomb panels on the
masonite after the adhesive had been applied.

7 The second marouflage in progress showing cobbelstones and the honeycomb
panels’ groove while joining. Photographer: Karen Mengshoel, September 2010.
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Both the honeycomb panels and masonite were first
cleaned with isopropanol to remove any residue of
dust or grease before the gluing. Due to the open work-
ing time of the adhesive (approximately two hours) the
whole marouflage process had to be performed in one
session. This meant that at least five conservators had
to be present during the whole process. One person
performed the measuring of the two-components
adhesive,”” one mixed the components thoroughly,
another poured the adhesive onto the masonite and
two persons spread the adhesive on the masonite with
tooth edged spatulas (these were constructed so that
2 mm ridges of glue were left on the masonite). The
new panel was then positioned on the masonite and
pressed down by the weight of two persons crawling
on top of it, and the alignment of the panels were con-
tinually checked by measuring the distance between
the edges of the masonite and the edges of the honey-
comb panel. Five of the largest paintings meant that at
least two honeycomb panels had to be joined together
during the gluing process. In these cases, one panel
was positioned first before the adhesive was applied
to the second section. The second panel was then po-
sitioned (see figure 7) and the join in the honeycomb
panel was glued together (with the second two-com-
ponent epoxy glue*®) and the process repeated until
the whole painting had been marouflaged.

After gluing and positioning all of the honeycomb
panels the structure was weighted down with cobble-
stones™ (see figure 7) and left to dry overnight. The
stones were removed and the surplus of adhesive on
reverse of the honeycomb panels removed with chis-
els. Non-destructive testing with Bondascope 3100
(an ultrasonic [pitch catch] bond tester from NDT
Systems)** was performed by AIM in order to check
the bonding between the honeycomb panels and the
masonite (figure 8). Areas with dis-bond were then
filled with a low viscosity two-component epoxy*’
using a syringe through the holes in the honeycomb
panels. After a couple of hours the panels were again
checked with the Bondascope 3100 to establish reduc-
tion of dis-bond between the honeycomb and the ma-
sonite. The new marouflage was then left to cure for
about one week before the painting could be moved
away for storage.
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8 The non-destructive testing with Bondascope 3100 on the reverse side of the
honeycomb to test for dis-bond between the first and the second marouflage
panel. Photographer: Karen Mengshoel, September 2010.

Installation 2011: attachment and
framings

Due to the loss of the original stretchers and the wast-
ing of the second stretchers in 1946 from the 1926 cam-
paign, no information could be traced concerning the
paintings’ initial and second wall attachments. The post
war installation consisted of long screws (approximate-
ly 42 for the largest paintings and 16 for the smallest
ones). These screws were located along the edges of the
paintings, going through 5-7 mm wide predrilled holes
piercing the paint structure, canvas and masonite and
secured into small squared wooden blocks wedged in
to the mortar of the brick wall. The majority of these
wooden blocks had become loose and could no longer
provide a permanent attachment for the paintings.
During the building renovation, a wooden framework
of Norway spruce (Picea abies) (consisting of 148 mm
wide and 22 mm thick boards with 100 mm long self-
tapping screws*) was secured along all edges of the
picture niches to provide an even, straight and verti-
cal background basis (figure 9) for the recent re-in-
stallation of the paintings.*” In order to simplify the
re-attachment of the Aula paintings, sections of the
volute wall capitals on each side of the niches, were
converted into detachable sections (figure 10).

The edges of the honeycomb and any superfluous ma-
sonite was trimmed down to match the individual di-



9 Detail of the new wooden frames along the edges of the picture niches for the
attachment of the paintings. Photographer: Mirjam Liu, December 2010.

mensions of the niches prior to the final installation.
A protective U-shaped aluminium profile frame*®
was glued on to the exposed honeycomb edges with
a two-component epoxy resin.*’” This framing system
was chosen to provide solid support for the final fixing
screws,*® to increase the rigidity of the marouflaged
paintings, to improve their handling properties and
to seal the open edges of the honeycomb. In some ar-
eas, where the fit might be tight,”” an aluminium tape
was used instead of the aluminium frames.** Since the
marble shelves, along the lower edges of the niches
were uneven, the paintings were leveled out by using
several wooden and plastic wedges.

The paintings’ original picture frames had not sur-
vived, but an archival photo revealed slim, semi-
rounded wooden borders with a glossy surface.” This
could have been the first frame from 1916, or that
from 1926 when the paintings received new stretch-
ers. After the masonite backing of 1946, these frames
were replaced with 3-5 cm wide strips of zinc pinned
to the edges of the paintings and painted with colours

10 Detail of a volute wall capital made detachable to simplify new and future
detachment and re-attachment of the paintings. Photographer: Mirjam Liu,
February 2011.

which presumably matching the pictures at that time.
The decision was to replace the existing framing sys-
tem with a more appropriate solution.

The new framing system consist of c. 300 m of seam-
less glass fibre picture frames (4 cm wide and 3 mm
thick) (figure 11) attached with Velcro®® pre-fixed to
the aluminium frames.*® They hide the gaps between
the paintings and their surrounding marble as well as
the stucco work, The frames also provide protection
for long and narrow stripes of pristine areas of Munch’s
colours having minimal contact with the room’s at-
mosphere. These areas will give valuable information
for future examination on how the atmosphere may
change Munch’s materials. In the narrow areas where
these frames encroached slightly over Munch’s paint, a
protective woolen felt tape was inserted. Prior to their
attachment, the picture frames were painted with a
matt, light grey colour in keeping with the main col-
ours of the marble surrounds.** The choice of Velcro
allowed for their easy removal and avoided introduc-
ing screws or nails.
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11 Detail of the new picture frame. Photographer: Karen Mengshoel, April 2011.

Future risks and prospects

As previously mentioned, the weakest layer of the
double marouflage remains within the attachment
between Munch’s canvases and the masonite panels.
A recent FTIR analysis of the adhesive suggests a car-
bohydrate (rye flour) and protein (glue) composition.
In November 1945, 1717 kg of masonite and 10kg of
Venice turpentine were imported from Sweden for
the Aula marouflage.” The turpentine was probably
added to the rye flour glue paste to act as a plasticising
agent. This plasticising effect of Venice turpentine is
likely to have been short-lived.*® As a consequence, it
may have resulted in an increase in the stiffness of the
adhesive and might have also increased its acidity. Ma-
sonite, which contains cellulose, lignin and sometimes
small quantities of alum, is also likely to turn acidic
during aging. At present there exists relatively little
applied research concerning the aging of masonite
panels although it has been used extensively in Swed-
ish marouflage practices during the 20" century,”” and
as painting support by many artists since the 19" cen-
tury (alongside other types of wood-fibre boards).***’
Recent pH measurements of the Aula masonite boards
gave a near neutral result, and the alkaline chalk pre-
sent on the reverse side of the canvases (preparation
treatment from 1926) might have prevented the acidi-
fication of both the masonite and the rye flour paste.®
The individual manual skills required for a successful
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glue-paste lining are seen as crucial®® and according
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to Arthur Lucas, the average paste lining will last for
less than 100 years.®® If this is the case, then the Aula
rye flour paste adhesive is expected to have 30 more
years left. There are however several Italian examples
of paste lining durations exceeding 200 years.**** To
our knowledge, there is no on-going research which
examines the nature and aging process of these long
lived treatments.

At present, the attachment between the masonite and
the original canvas is generally good. Visual surface
examinations in raking light combined with fingertip
touches (causing a diverging, hollow sound) have re-
vealed that all the paintings suffer from small and local
de-laminations between their fabrics and the wood-fi-
bre boards (figure 12).%° Above some of these voids the
paint had started to flake, at worst with minor losses. It
is clear that movements in the wooden framework had
been responsible for some of these detachments, but
far from all since there are several which are located
elsewhere and in a random manner. Blind cleavages in
the support structure can cause continuing damages
on a microscopic level, such as micro-cracks in the
paint layers that will lead to further cracking and final-
ly more flaking paint. If the voids also are expanding
in scale, it is essential to know the reasons and at what
rate. The randomly located de-laminations between
the original support and the masonite can have differ-
ent causes, but there are no visual or tactile evidences
of their age. They may have occurred at once during
the mounting campaign in 1946, for instance due to
uneven applications of rye flour adhesive, or because
of local shortages of sufficient pressure or heat. Or
they can have been formed later on, for instance as
a result of climatic changes in the Hall (from c. 8 to
80% RH) followed by changing temperatures (within
indoor limits). During the Aula project, none of the
observed de-laminations seemed to expand in size and
no new ones were detected, but we cannot exclude
that such changes might not occur. If they are caused
by an on-going decomposition of the paste, this pro-
cess has to be monitored on site. If the de-laminations
will proceed, they also have to be understood better to
enable discussions on future treatments and to predict
if or when the 65 years old marouflage paste will start
to fail in larger areas.
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12 Detail in raking light of de-lamination between canvas and masonite.
Photographer: Mirjam Liu, October 2010.

Possible interventions can be minimal invasive as lo-
cal regeneration or re-consolidation of the adhesion or
maximal as removal of the materials in the two ma-
rouflages. Local re-attachment between the canvas
and the masonite will be a challenge because of the
sensitive and absorbing ground which is easily stained
by water and most organic solvents. This approach will
demand tests on how to apply suitable and adequate
portions of non-staining glue into the de-laminations
and from the front of the paintings. Fast evaporating
organic solvents might not stain the original materi-
als, but this also requires tests. The adhesive has to be
low-viscous to be inserted locally to the voids through
the paint layers and canvas threads and with a thin sy-
ringe (which inevitably will leave small holes, although
invisible for the Aula audience c. 7-3 m below), but its
viscosity will also be crucial due to the strong capillary
forces in the absorbing ground and canvas.

13 Metigo Map of Women Reaching towards the Light showing the areas of
de-laminations (yellow) between canvas and masonite. lllustration by Mirjam
Liu, October 2010.
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A maximal future approach will require removal of
all the materials of the two marouflages as well as
an additional structural treatment either including a
third marouflage or a first lining campaign. In 1951,
a similarly marouflaged Munch painting of 4,80 x
11,50 m called The Scientists (in Norwegian: Alma
Mater/Forskerne)®® were manually pulled off from
its masonite boards while the canvas was simultane-
ously rolled on to a large roll.”” Prior to its display at
the Munch-museum, the canvas was re-attached to a
new stretcher.®® Furthermore, other methods used for
removing masonite from canvas paintings have also
been described by late 20 century authors.*”°
Removal of masonite as well as honeycomb still is an
option subsequent to the recent marouflage, never-
theless not without risks of posing immense stress fol-
lowed by possible damages to the paint layers. On the
other hand, if the latter is being solved, such removals
may also include a possible re-use of the honeycomb,
either as marouflage or as substitute for new stretchers
if the paintings are being lined to a new canvas (and
then stretched over the honeycomb). A re-use of the
long lasting honeycomb (including compensation for
the loss of the weight of the masonite) will not change
the acoustic claim of maintaining the same mass per
area. But again, an exceedingly time consuming re-
moval of the rye flour paste layer from the reverse side
of the canvases has to be performed both for a third
marouflage and for a future lining.

Meanwhile, there are also ways of minimizing any
potential increase in the de-laminations between ma-
sonite and canvas through preventive conservation.
Natural glues and pastes have strong dimensional
responses to fluctuations in humidity. At very low
RH levels, an adhesive like hide glue develops high
forces.” From 80% RH and above, hide glue has no
strength and no ability to maintain its bond.”® In the
Aula, and prior to the building renovation, the RH has
reached 80% RH during the summer seasons due to
the routine of open doors for visiting tourists. This
cannot continue and the University of Oslo must find
better alternatives for this open door activity. Accord-
ing to the new guidelines for museum-environments,
it is important to keep the historic indoor climate en-

vironment unchanged if it has not proven to be harm-
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ful.”® The only acceptable changes are improvements
that reduce damaging fluctuations,” as the high RH-
values during the summer months must have repre-
sented up to the recent building renovation.

Recommendations for future
maintenance and research

After the treatment and re-hanging of the 11 paint-
ings in the Aula Assembly Hall, aspects concerning
maintenance, environmental monitoring and future
research will be considered. These will ensure that the
best possible practice and routines are implemented
for covering all areas including the daily cleaning of
the Hall and its surfaces.

Infra-red recordings of the walls were carried out
prior to the last removal of the paintings and also be-
fore they were re-installed. This form of analysis will
be conducted again as soon as the outdoor tempera-
ture is low enough. Comparative recordings like these
hope to enlighten conservators on the actual surface
temperature of the paintings and any potential conse-
quences as a result of a sudden or drastic change.
Despite the introduction of additional backing materi-
als to the reverse sides of all the paintings, the paintings
will still have to be periodically assessed for any pos-
sible localized delaminating pockets forming between
the 1946 masonite boards and the original canvas sup-
ports. This could be the result of a possible degrada-
tion of the glue layer as well as an evelated RH above
80%. Such areas have already been recorded manually
(by fingertip touches) (figure 13) and would need to be
compared to more precise methods, such as a portable
nuclear magnetic resonance mobile universal surface
explorer (NMR-Mouse).”® The use of this more accu-
rate and specialized measuring equipment might also
provide insight into the nature of the failing adhesive
(from 1946) and influence the conservation treatment
response.

Future inspections of the de-laminations will also be
achieved by new visual examinations under raking
light. The visual information provided can be directly
compared with the initial Metigo-mapping images.”®
Additional recording techniques for the structural
conditions of paintings; either with NMR-Mouse,”



terahertz images (TeraHertz imaging)”® or flash ther-
mography,” which will be considered as monitoring
tools, if suitable and able to be used in-situ on a scaf-
fold.

The aim of the recent project has also been to facilitate
the accessibility to the paintings in terms of evacuation
and future conservation treatments, thus the paintings
have become easily detachable.

Abstract

The conservation, research and practical challenges
concerning Edvard Munch’s 11 monumental canvas
paintings from the University of Oslo’s Aula Assembly
Hall are presented with reference to their history of
previous treatments from 1916. The evaluation of the
existing masonite marouflages resulted in the adhe-
sion of extra lightweight honeycomb structures to the
reverse sides. An in-depth description of the choice
of practical treatments, methods, consultants and use
of specialist materials are described in relation to the
physical considerations when dealing with monumen-
tal canvases. The issue of the Hall’s acoustic param-
eters, the evacuation considerations for the paintings
and recommendations for monitoring, maintenance
and re-examination in the future are also discussed.
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