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Abstract. In this paper, two aerogel-based renders are characterized based on in-situ testing of walls 
prototypes. The in-situ tests to assess the mechanical performance are: pull-off, surface impact tests and 
compressive strength on collected samples. The physical performance includes the water resistance and 
thermal conductivity coefficient. The tests carried out to assess water-resistance are: Karsten tube, 
moisture meter and capillary water absorption of collected samples. The thermal performance was 
tested based on infrared thermography and thermal conductivity transient method.  
The combination of these in-situ tests allowed a better performance characterization of the aerogel-
based renders and characterized the applied renders. These results were carried out under two national 
research projects (Nanorender and P2020 PEP). 
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1 Introduction 
On-site performance testing of renders avoids subjective diagnosis and contribute to a better 
understanding of render behavior under natural exposure conditions. In-situ techniques on 
conventional renders have been applied on several studies (Flores‐Colen et al., 2011; Duarte et 
al., 2020; Menezes et al., 2015; Santos et al., 2013) such as ultra-sound; pull-off; surface impact 
test; Karsten tube; moisture meter; and infrared thermography. Also, compressive strength and 
capillary water absorption have been carried out on render samples collected from on-site. The 
study of aerogel (Garrido et al., 2019) and aerogel-based renders is increasing due to their 
excellent thermal performance and application on thermal rehabilitation of walls, with 
decreased thicknesses solutions when compared with other conventional thermal renders. In the 
literature there are already a few number of studies that focus on in-situ testing of aerogel-based 
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renders, but mainly on the hygrothermal behavior of these renders based on numerical 
simulations (Fantucci et al., 2020; Fenoglio et al., 2018; Ibrahim et al., 2014; Stahl et al., 2017). 
     In this paper, several in-situ techniques are applied on wall prototypes with different 
formulations of aerogel-based renders, in order to discuss the mechanical, water resistance, and 
thermal performance. The tested formulations (renders A and B) were developed in two national 
research projects. In Nanorender project (2012-2015), funded by FCT (Foundation for Science and 
Technology) PTDC/ECM/118262/2010 (“Nanorender: Performance of nanoaerogel silica-based 
renders” 2015), a cement-based aerogel render, with fly ash and lightweight co-aggregates was 
developed reaching a good balance between thermal conductivity (0.088 W/m.K) and compressive 
strength (1.03 MPa). In PEP project (2016-2019), funded by COMPETE 2020/Portugal P2020-
POCI-01-0247-FEDER-017417, a new aerogel-based render was developed (thermal conductivity 
of 0.028 W/m.K) with compressive strength above 0.2 MPa and water vapour diffusion resistance 
coefficient below 15. Only some results are discussed for two specific aerogel-based renders 
formulations in order to discuss the potential of in-situ techniques to assess in-service performance. 

2 Experimental Program 

2.1 Materials 
The render AAero+EC has in its composition: cement CEM II B/L 32.5 N, 1% of surfactant agent and 
0.075 % cellulose ether, in weight relative to the total mixture mass. The mixing procedure was 
initially manual and with slow rotation at the final part of the mixing procedure, following the EN 
1015-11, and the water/binder ratio was 1.25. The aggregates include, in volume, 60% of 
commercial supercritical hybrid silica aerogel and 40% of expanded clay. The aerogel-based render 
showed problems in the application of a composition with 100% aerogel in volume of aggregates. 
Thus, the incorporation of the expanded clay (40% in volume) as a co-aggregate improved the 
mortar consistency and allowed a quick and easy application of the render. A render with only 
expanded clay (AEC), with 0.05% of air-entraining agent instead of 1%, and with water/cement ratio 
of 0.78, was also produced and applied for comparative purpose (Lazera et al., 2016). 
     The render BAero is composed by a blend of mineral binders, rheological agents, resins, 
hydrophobic agents, lightweight fillers, containing a commercial supercritical hydrophobic hybrid 
silica aerogel as a lightweight and thermal insulation aggregate. The silica aerogel granules 
represent around 58% in volume or a total of  37 % (m/m) in the weight, both for the mixture 
powder. The water/binder ratio was 1.33 (Pedroso et al., 2019; Sousa et al., 2019). This render has 
also a multilayer coating composed by a basecoat layer, fibreglass mesh, key coat, and an acrylic 
finishing coat (Pedroso et al., 2019). 

2.2 Wall Prototypes 
The renders AAero+EC and AEC (Figure 1, a) were manually applied with 4 cm thickness on an 
opening of a brick wall, with 15 cm of thickness and 40x45 cm2 dimensions. The curing conditions 
were at ambient air temperature (average of 15 ºC) during 28 days. The surface of the render was 
periodically moistened in the first days of curing,  a plastic sheet covered the wall (Figure 1, b). The 
render BAero was mechanically applied with 5.5 cm of thickness on a lightweight concrete masonry 
wall with 3 x 3.6 m2 (Figure 1, c and d). The curing conditions were at ambient air temperature 
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(average of 20 ºC) during 28 days without any humidification of the render surface.   

2.3 Testing Procedures 
Several techniques were carried out on the wall prototypes: adhesive strength on substrates (EN 
1015-12 - pull-off; water permeability under low pressure (LNEC FE Pa 39.1/RILEM nº II.4) 
Figure 2 a; pendulum hammer index (RILEM MS-D.7), Figure 2 b; hardness impact (LNEC Fe Pa 
25), Figure 2 c; thermal conductivity coefficient (ASTM D5930) and also following the test 
recommendations by Gomes et al. (2018), Figure 2 a; Tramex moisture meter (Figure 2 d), and 
FLIR infrared camera.  

 

     
                   a)                                                 b)                                          c)                             d)   

Figure 1. a) Render AAero+EC; b) curing condition at early stages of renders AAero+EC and AEC; c) lightweight 
concrete block wall to receive render BAero; d) render BAero. 

        
                   a)                                              b)                                   c)                             d)   

Figure 2. a) Thermal conductivity, Karsten tube in render AAero+EC; b) pendulum hammer, c) impact test with 
Martinet Baronnie device; d) moisture meter in render BAero.  

     The prototypes were installed in climatic chambers with an internal controlled environment. 
Some samples were collected and prepared for compressive strength and capillary water 
absorption tests, with and without the multilayer finishing system (when applicable). All the 
renders were tested at 28 days of curing. 
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3 Results 
Table 1 presents some of the experimental results obtained for aerogel-based renders A and B. 
These  results showed that the applied thermal renders have good thermal performance. The 
incorporation of aerogel improves the thermal characteristics (for example compare AEC and 
AAero+EC with the same formulations, 0.1359 for A EC and 0.1200 for AAero+EC)).   
     Furthermore, the thin coating of the multilayer coating system misleading the in-situ 
measurement of the thermal conductivity  (0.034 for BAero and 0.120 W/m.K for the mortar with 
finish coating, respectively). The latter measurement should not be consider because two 
requirements of this technique are not accomplished: the measurements on a homogeneous material 
and the minimum thickness. Aerogel-based renders have low compressive strength values and low 
compacity. However, they have higher deformability, lower pendulum hammer index and higher 
notch diameter in the Martinet-Baronnie device. If necessary, depending on the surface 
requirements, a protective multilayer coating system could improve or maintain acceptable values 
of surface resistance (e.g. BAero has the same surface resistance than the AAero+EC without a finish 
layer). 

Table 1. Results aerogel-based renders A and B. 

Render 
Bulk 

density 
(kg/m3) 

Rc 
(MPa) IE Ønotch 

(mm) 
Pull-Off 
(KN/m2) 

Hsuperficial 
(%) 

λIsomet 

(W/m.K) 

C  
(kg/m2.mi

n0,5 

Volume of 
water at 60 

min (ml) 

CA  
(kg/m2.min0,5) 

AEC 721.8 2,879 91,1 14 x 27.67** 0.1359 x 10.37 x 

AAero+EC 651.6 0.910 77.1 20.6 x 62.67** 0.1200 0.62 2.67 0.70 

BAero 178 0.147 69.7* 20.67* 0.04 
cohesive nil 0.0340 0.02* 

0.85 0.083 0.02 

Caption: VUS – pulse velocity; Rc – compressive strength; IE. – pendulum hammer index; Ømossa – notch diameter (superficial resistance) 

from Martinet Baronnie; Hsuperficial – surface moisture; λ – thermal conductivity; C – initial slope of the graph with the water absorbed per 

area over time; CA – water absorption under low pressure from Karsten tube (Equation 1), where Q = volume of water absorbed (ml), D is 

the surface diameter, which is 25 mm; t is the period test (min); x -  nil tests due to several reasons: impossible to have reliable readings; 

reduced thickness of the collected samples from the walls; * with multilayer finishing system: ** with 41% of relative air humidity. 

𝐶𝐶𝐶𝐶 = 𝑄𝑄∙10−3

𝐷𝐷2∙�𝜋𝜋4∙10
−6∙√𝑡𝑡�

                    (1) 

 
     The presence of expanded clay guarantees values of mechanical strength above the minimum of 
0.4 MPa from EN 998-1, for thermal renders however significantly increases the thermal 
conductivity coefficient (from 0.034 of BAero for 0.12 for AAero+EC) (Júlio et al., 2016). Therefore, 
both lightweight aggregates and paste formulation contribute to the balance between compressive 
strength and thermal conductivity. 
     In terms of water resistance, aerogel-based renders tend to have high water absorption (capillary 
suction or under low pressure) due to their high porosity, despite the hydrophobic nature of the 
aerogel and the introduction of more entraining agents (from 2.67 to 10.37 ml in AAero+EC to AEC. 
The water absorption due to capillary requirements for renders to be applied to external walls is not 
accomplished (0.85 and 0.62 kg/m2.min0.5, in table 2, for aerogel-based renders) according to EN 
998-1 (CEN, 2010). However, a compatible multilayer coating reduces the water absorption of the 
render system (from 0.85 to 0.02 kg/m2.min0.5 in BAero).  
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     The experimental results also showed that aerogel-based renders have drawbacks in 
adhesive strength. The majority of the results were nil, or the values were too low (0.04 MPa 
with cohesive rupture). Because of the low weight of these renders and low susceptibility to 
thermal gradients, the low adhesion values can be accepted. However, some admixtures could 
be added with this purpose). The results also showed that less intrusive pull-off technique 
should be adapted in the future to have a more reliable test to assess the adhesion of these 
renders and other lightweight thermal mortars. Furthermore, the moisture meter confirmed the 
presence of surface moisture on the render AAero+EC after 28 days of curing in laboratory 
conditions. In render BAero, the values were nil due to the multilayer coating system. In addition, 
in this render, the infrared thermography  was used and no significant differences of the 
superficial temperature was found, therefore concluding that there is a uniformity of the thermal 
render, without the presence of moist areas. 

4 Conclusions and Future Developments 
This paper contributes to the discussion of the performance of aerogel-based renders on walls 
prototypes. The results showed that these renders have excellent thermal behaviour but with specific 
characteristics in terms of compressive strength and water resistance. 

The in-situ testing and lab testing on the collected samples confirm the mechanical, water-
resistance and thermal performance of the applied aerogel-based renders. These renders tend to 
have lower compressive strength, low compactness but high surface deformability. Because of the 
low weight of these renders and low susceptibility to thermal gradients (lower values of thermal 
conductivity), the solutions are stable after application, despite of having reduced adhesion 
values. 

The water resistance of these renders depends on the paste formulation notwithstanding the 
hydrophobic nature of the aerogel. However, the common application of a compatible 
multilayer coating system improves the water behavior of the complete render system (thermal 
render + multilayer coating system).  

In-situ tests are relevant techniques to monitor the performance of aerogel-based renders and 
to give additional information to numerical simulations of these renders. However, some 
drawbacks can be highlighted, specially when multilayers systems are applied. For example, 
in-situ measurements of thermal conductivity with ISOMET technique are reliable only on 
aerogel-based renders without thin coating systems. Further research should discuss the thermal 
performance of these multilayer systems based on the thermal resistance. 
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