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Abstract

Nowadays silanes and siloxanes are comonly used for the impregnation of
cement-based materials. For the performance of an impregnation under
practical conditions the penetration depth is crucial. With traditional appli-
cation technologies the maximum penetration depth is approximately [-3
mm. Investigations and practical experiencies have shown that the mini-
mum penetration depth must be higher than 6 mm. In this paper a new con-
cept will be presented which is called “box technology”. It will be shown
that this concept can be used for planning by civil engineers to improve
penetration depth to values higher than 6 mm for concretes with W/C ratios
of 0.35 t0 0.50.
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1 Introduction

The uptake of aqueous salt solutions of concrete and frost damage can be
avoided by surface treatments with water repellent agents. The real perfor-
mance of a water repellent treatment, however, is strongly dependent on the
penetration depth and the content of the active substance i. e. silicon resin in
the covercrete [ 1].

The maximum penetration depth of water repellent agents depends on
material properties and the used application technique. With traditional ap-
plication technologies such as spraying or painting the maximum penetration
depth is approximately 1 — 3 mm. Practical experiences have shown clearly
that these values often are not sufficient for a proper performance of an im-
pregnation over a long period [2]. Therefore, new application technologies
must be developed to improve the penetration depth of water repellent agents
upto 5 - 6 mm.

2  Factors determing penetration depth

The penetration depth of water repellent agents depends strongly on materi-
als properties such as porosity of the covercrete which is essentially given
by water/cement ratio and curing conditions. The moisture content of con-
crete and the viscosity of the agent play an important role too. But there is a
lack of knowledge about factors such as contact time between water repel-
lent agent and concrete surface or the type of applied water repellent agent
and their influence on penetration depth,

Therefore, we have studied the uptake of different water repellent
agents by capillary suction for different concrete mixes. Results of this pre-
liminary study are shown in fig. 1-and fig 2. The results show clearly that an
increase of contact time leads to an increase of the absorbed amount of water
repellent agent, especially for 100% silanes and as has been measured to an
improved penctration depth too. Furthermore, the uptake of emulsions of
water repellent agents is hindered compared to the water uptake. For the de-
velopment of new application techniques these results may be taken into
consideration. Starting from this point of view we have developed a new ap-
plication technology which is called box-technology.
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Figure 1: Uptake of a 100% silane and water by concrete mixes with different w/c ratie
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Figure 2: Uptake of a water repellent emulsion and water by concrete mixes with
different w/c ratios
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3 Box-technology concept

The box-technology concept can be subdivided into four steps. In the first
step the goals to be achieved by the impregnation must be defined, espe-
cially the penetration depth and the reduction of capillary suction. In the
second step the absorption rate of different types of water repellent agents
must be determined by application of a modified Karsten’s pipe, which is
shown in Fig. 3. The modified Karsten’s pipe consists of three different
parts. First, a cap (A) with an o-ring as a seal (B) and a ventilating screw
(C). The inner diameter of the cap is 8.5 cm. The cap can be fixed with three
screws tightly on the wall. Second, coupling elements (F) which connect the
cap to burettes with different volume scales from 2.5 ml to 25 ml (D,E).

The penetration profile can be analysed by FT-IR-spectroscopy. The
principles of this technique are described in detail in [3]. With these results
the minimum contact time for a given penetration depth can be calculated.
In the third step the impregnation is carried out using the box shown in
Fig. 4. Finally, the success of the impregnation must be checked by a rig-
orous quality control. For this purpose the penetration profiles and the liquid
uptake of the impregnated concrete must be determi ned by using FI-IR-

Figure 3: View of the different parts of a modified Karsten’s pipe and of the pipe as
attached to concrete surface
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Figure 4:  Prototype of a box fixed on the wall by vacuum

spectroscopy and by using the modified Karsten’s pipe respectively. The re-
sults of the quality control must reach the values postulated in the first step.
Otherwise, the application must be repeated and/or modified.

4  Experimental

For the experimental investigations test specimen have been prepared
according to S1A 162 [4]. The composition of the investigated concrete is as
follows. The maximum aggregate size is 16 mm. The content of Portland
Cement CEM 142.5 is for all mixes 350 kgfmj. The notation of the mixes
and the water/cement ratios are given in Table 1. For the impregnation of
concrete two different types of commercial water repellent agents have
been used. For the experiment a non-diluted silane (100%) and an aqueous
silane emulsion (50%) have been used. In this investigation the concept of
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Table 1:  Notation and water/cement ratio of the investigated concrete

Notation water/cement ratio
A .35
B 0.40
C 0.45
D 0.50

impregnation by box-technology has been applied to different concrete
mixes (A-D).

The experiments have been carried out in the following way. For the
measurement of the absorption of water repellent agents the cap of the mod-
ified Karsten’s pipe is fixed on the wall. Depending on the expected somptiv-
ity of the concrete a scaled burette is chosen and connected to the cap. Then
the modified Karsten’s pipes are filled with a selected water repellent agent.
The uptake of the concrete is measured as a function of time. With these re-
sults and the penetration profiles determined by FT-IR-spectroscopy the wa-
ter repellent agent with the highest penetration rate has been choosen and the
minimum contact time for a penetration depth of at least 6 mm has been cal-
culated.

In the second step the box shown in figure 4 is fixed by vaccum on the
surface of the concrete and filled with the selected water repellent agent. Af-
ter the minimum contact time the box is removed and the application is ter-
minated by a protection of the surface against evaporation.

In the third step the success of the impregnation has to be checked. For
this purpose the penetration profiles are determined by FI-IR-spectroscopy
and the water uptake of the impregnated surface 1s measured by using the
modified Karsten’s pipe.

In the next chapter first results for an application following the box
tcchnology concept are given.

5  Results and Discussion

5.1 Definition of requirements for the impregnation

A penetration depth of at least 6 mm is required for concrete independent on
the water/cement ratio. This value can be estimated from results of Witt-
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mann and Alou [5}. They have investigated the frost resistance of concrete
after impregnation with a water repellent agent. They found that the frost
resistance of an impregnated specimen characterized by loss of material is
considerably better as compared to an untreated specimen for approxi-
mately 60 frost cycles. After that the loss of material increases rapidly for
the treated specimen and reaches values comparable to values determined
for untreated concrete. After Wittmann and Alou this is most probably due
to an increased transport of water through the impregnated concrete the
thickness of which can be estimated to be approximately 1 to 2 mm. An
impregnated concrete zone of 6 mm shoutd avoid this break-through of
water.

According to international standards the reduction of water absorption
should be higher than 80% as compared to the untreated concrete [1]. For
this purpose the water uptake of the untreated concrete has been determined
by using the modified Karsten’s pipe and the water absorption coefficient
has been calculated. Results are given in table 2.

5.2 Choice of a snitable water repellent agent

For the determination of the uptake of water repellent agents and the calcu-
lation of the necessary contact time the modified Karstens’s pipe is used.
Results of this measurement are shown in figure 5 and 6. It is obvious that
the values of absorbed silane (100%) are approximately five times higher
than the values of the aqueous silane emulsion. The exact reason for this
behaviour is not known yet and investigations to clarify this question are
still in progress. Furthermore, the uptake of water repellent agents depends
on the water/cement ratio of the cementitious material. With increasing
water/cement ratio the amount of absorbed water repellent agents increases
as can be anticipated.

The results described above are confirmed by the penetration profiles
determined by FT-IR-spectroscopy shown in fig. 7 and 8. The penetration

Table 2: Penetration depth of the investigated water repellent agents in mm for concrete
mixes with different w/c ratio

Type of concrete(W/C) 0.35 0.40 0.45 0.5
Silane (100%) 7 9 13 12
Aqueous silane emulsion 0.5 1.5 25 1.5
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Figure 5:  Absorption of Silane (100%) as a function of the square root of time
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Figure 6: Absorption of aqucous silane emulsion as a function of the square root of time

depth in this core is defined as just the content of active substance related to
the mass of dry concrete higher than 0.015 mg/mg. The penetration depths
for the investigated concrete mixes are given in table 2. For all investigated
concretes the penetration depth of silane (100%) is higher than 6 mm. For
concrete mixes C and D silane {100%) can be detected to a distance from the
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Figure 7:  Penctration profilte of sitane (100%)
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Figure 8: Penetration profiles of aqueous silane emulsion
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surface of approximately 13 mm. In opposite to that the maximum penetra-
tion depth of aqueous silane emulsion is 2.5 mm. The absorbed amount of
fiquid and the penetration depth can be approximately calculated with the
following equations:

ml:A-Jt (1

x =B Ji (2)
A

B = - 3
V-p <)

m; = mass of the absorbed liquid [kg]

A= liquid absorption coefficient [kg/m? h0}
t=time [h]

p= density [kg/m]

W = liquid capacity [(m*/m?] W

B= liquid penetration coefficient [m/h 0'5]

x= penetration depth [m)

With the values of penetration depth (see table 2) and the contact time
of 72 hours the penetration coefficient has been calculated. The penetration
coefficient B can be transformed with equation (3) to the absorption coeffi-
cient A. The uptake of silane (100%) as a function of time has been calculat-
ed with equation (1). Results for concrete mix C are shown in fig. 9 for
example (dotted line). The uptake of silane measured by using the modified
Karsten “s pipe is also shown in fig. 9. It is obvious that at the end of the ex-
periment the real absorbed amount of silane is approximately 6 times higher
as compared to the calculated volume. This difference can be explained by
the distribution of the silane in the concrete. The calulated value represents
the amount of silane which penetrates in form of a cylinder with a diameter
of 8.5 cm into the concrete. The difference to the measured uptake can be at-
tributed to migration parallel to the surface combined with a loss by evapo-
ration [6]. Therefore, for the calculation of the contact time which leads to a
given penetration depth the calculated corrected value must be taken into ac-
count exclusively.

With the coefficient B calculated for all concrete mixes under investi-
gation a diagram has been developed which allows the estimation of the con-
tact time for a given penetration depth. This diagram is shown in fig. 10.
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Based on these results silanc (100%) has been used. For experimental
reasons a minimum contact time of 8 hours has been choosen. For the calcu-
lation of the required contact time a modified equation according to [6] has
been used.

5.3 Application of the box-technology

After these preliminary investigations the impregnation of concrete cle-
ments produced with concrete mixes A-D were carried out using the box
technology. The prototype of a box fixed for 8 hours by vacuum on the con-
crete surface is shown in fig. 4.
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Figure 11: Penetration profiles determined after the application of the box-technology

Table 3:  Water absomtion cocfficient A for untreated and treated concrete mixes with
different w/c ratio

Water absorption coefficient A [kg/mzhﬂ'sl

Concrete mix w/c ratio wic ratio w/c ratio wic ralio
onerete 0.35 0.40 0.45 0.5
Untreated 0.072 0.074 0.323 0.449

Treated 0.010 (=86%) 0.009(=87%) 0.007 (=98 %) 0.042 (=90%)
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5.4 Quality control of the impregnation carried out with the box-technology

The quality of the impregnation has been characterized by penctration pro-
files as determined by FT-IR-spectroscopy and by the water absorption
coefficient A as determined by the modified Karstens's pipe. The penetra-
tion proftles arc shown in fig. 9. The results show clearly that the require-
ment of 6 mm penetration depth and a reduction of 80% of the water
absorption is fullfifled for all concrete mixes under investigation. The pene-
tration depth for densest concrete mix A (w/c ratio 0.35) is approximately 8
mm. The penetration depth for concrete mixes B-D reaches values higher
than 10 mm. It is remarkable that the penetration depth after a contact time
of 8 hours is significantly higher as the values calculated by applying the
presented diagram (fig. 10). This deviation of the real penetration depth can
be explained by diffusion after the capillary suction has come to an end.
After 8 hours the pores of the first millimeters are filled with silane. At this
time the viscosity of the silane is always low because the degree of poly-
merization is low. Due to the concentration gradient a transport from the
saturated to the unsaturated volume takes place and leads to an increase of
the penetration depth as compared to the calculated penetration depth.
Therefore, in practice the real penetration depth is significantly higher as
the calculated value. In further investigations this safety factor shall be
determined.

In the first millimeter the content of active substance is also relatively
fow. It is most likely that the surface near zones have lost part of the absorbed
agent after removal of the box by evaporation. This can of course easily be
avoided by protection of the concrete surface. The investigation presented
here has clearly shown that the newly developed box-technology is a suitable
technique to improve the penetration depth of water repellent agents. Values
higher than 6 mm can be achieved. This means a completely new potential
for water repellent surface treatment.

6 Conclusion

From the results presented in this contribution the following conclusions
can be drawn;

* The modified Karsten’s pipe can be used for the determination of
the absorption cocfficient of water or water repellent agents for
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different types of concrete with very high or very low permeabil-
ity.

« For sufficient long-term performance of a water repellent surface

treatment the penctration depth must be higher than 6 mm.

« With the diagram presented here the required contact time for a

predetermined penetration depth can be estimated.

« Applying the box technelogy a penetration depth higher than 6

mim can be achieved for most types of concrete.

« The FT-IR-spectroscopy is a powerful tool for the determination

of the penetration profile and depth.
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