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Abstract. In this study the effectiveness of stone consolidation
actions was analysed on two German sandstones with different
binders, the Baumberger (calcareous) and Sander (clayey). Due
to varying treatment procedures the investigated sandstones
showed different petrophysical and mechanical properties.
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andstones represent important
historical as well as still used bu-
ilding materials. Due to time de-
pendent weathering processes,
the stone surface and the stone structu-
re lose their strength and as a result, the
stone disintegrates [1]. Using stone
strengthener based on silicic acid ethyl
ester (SAE), sandstones can be conse-
rved [2]. The effectiveness of these con-
servation actions depends on several
factors, e.g. the type of stone and binder,
the penetration depth and gel deposition
rate of the used SAE and the selected
treatment procedure. The aim of this stu-
dy is to show, how these factors affect the
success of a conservation action.

Experimental study

Investigations were carried out on two
German sandstone types (Sander Sand-
stone (SST), Baumberger Sandstone
(BST)) consisting of two different binders
(clayey, calcareous). They were treated
with two different consolidating agents
based on SAE (KSE 100, KSE 300) in
three different procedures (vacuum im-
pregnation; 1- and 5-time impregnation-
by capillary suction over the lower part of
the stone samples with a treatment time
of 1 hour). The main difference of the
selected KSE products is the amount of
deposited silica gel (KSE 100: 10%,
KSE 300: 30%). Investigations (Figure 1)
were performed to analyse differences in
strength between treated and untreated
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(Doniesienie naukowe)

Streszczenie. W artykule przedstawiono analizg skutecznosci
konsolidacji piaskowcow na przykladzie dwoch niemieckich
piaskowcow zawierajacych rozne materialy wiazace — piaskow-
ce Baumberger (wapnisty) oraz Sander (marglisty). Zaleznie
od zastosowanej obrobki badane piaskowce wykazywaly rézne
wlasciwosci petrofizyczne oraz mechaniczne.

Slowa kluczowe: piaskowiec, wzmocnienie kamienia, ester
kwasu krzemowego, konsolidacja.

Stone material Baumberger Sandstone (calcareous) Sander Sandstone (clayey)
¥ ¥
Stone strengthener KSE 100 KSE 300
L
Treatment VACULIT I-time S-times
procedure |
Investigation mercury intrusion ultrasonic velocity compressive strength
poTOsImEtry water damp permeability bending tensile strength
SEM imaging capillary water absorption tensile bond strength
(by pull-off)

Fig. 1. Stone material, stone strengthener, specific treatment procedures and performed
investigations

Rys. 1. Uzyty kamien i srodek do wzmacniania kamienia, stosowana obrobka oraz przepro-
wadzone badania

material and to show influences of diffe-
rent treatment procedures. The stone
samples had a prismatic geometry with
the dimensions 50 x 50 x 100 mm. Be-
low, only selected results of BST and
SST are presented.

bed stone strengthener in the stone
matrix have to be analysed. The capil-
lary water absorption (CWA) as well
as ultrasonic velocity and porosity me-
asurements give information about the
pore system and its connectivity, so
that the absorbed stone strengthener
can be detected. Figure 2 presents the
area related mass increase respective-
ly the CWA (kg/m?) over time (h®*) for
untreated and treated BST samples.
The CWA of untreated and 1-time im-

Results

To evaluate the efficiency of a stone
consolidation action, the penetration
depth and the behaviour of the absor-
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Fig. 2. Capillary water absorption [kg/m?] of untreated and vacuum (a), 1- and 5-time (b)
impregnated BST with the stone strengthener KSE 100

Rys. 2. Absorpeja kapilarna wody [kg/m?] piaskowca BST nieimpregnowanego i impregnowane-
gow prozni (a) oraz impregnowanego 1 i 5 razy (b) srodkiem do w=macniania kamienia KSE 1(0)
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