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Abstract  9 

In the building sector, various adhesive materials are experiencing an increased usage for sealing of 10 

overlaps and joints between most commonly used building materials, around penetrations, pipes 11 

and windows for increasing the moisture and airtightness of buildings. Among the adhesive materials 12 

are adhesive tapes that are used to ensure adequate air tightness of a building and thus must be able to 13 

withstand severe environmental conditions without significant long-term deterioration. Durability test 14 

methods are needed to evaluate whether the tapes fulfill their performance requirements for the service 15 

life of the whole building. However, there is a lack of reliable test methods and evaluation procedures 16 

for tapes used for building applications. This study was performed to evaluate tape durability testing 17 

and evaluation methods, which hence form a basis for further improvements of the existing methods. 18 

Keywords: Air tightness; Accelerated ageing; Building; Durability; Digital image correlation; Joint; 19 

Adhesive; Tape 20 

 21 

1. Introduction 22 

Adhesive materials, mainly tapes, and sealants, are becoming increasingly popular for maintaining 23 

and/or increasing the moisture and air-tightness of buildings [1]. These products are used to seal joints 24 

and overlaps in the wind- and vapour barrier layers, to repair damages, and to tighten ducts (see Figure 25 

1). One benefit is the practical application of adhesive joints, which is simple and quick compared to 26 

mechanical tightening solutions. Most importantly, the application of adhesive tapes is essential in 27 

order to meet increased airtightness requirements. Both the air tightness of the wind barrier layer on 28 

the outside and the vapour barrier on the inside of the building play indeed a major role for the energy 29 
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efficiency of state of the art buildings. For example, in Norway, since January 2017, the requirement 30 

in the Norwegian building regulation (TEK 10) for the infiltration rate at 50 Pa  is set to 0.6 h-1 for 31 

residential buildings, and 1.5 h-1 for apartment buildings [2]. Compared to the previous regulation, ,the 32 

current required infiltration rate  for residential buildings corresponds to about 25% of the original 33 

requirement. Hence, adhesive joints have a double role: they ensure both energy efficiency and 34 

protection of the building (e.g. avoiding moisture damages). 35 

 36 

Adhesive tapes should adhere satisfactorily to the surfaces of end use materials , they should remain 37 

unaffected by temperature extremes and the presence of moisture and they should tolerate surface 38 

contaminants.  As adhesive tapes are concealed in the building envelope and hence less accessible, 39 

they need to maintain their sealing function for the intended service life of the envelope (e.g. 50 years, 40 

100 years or longer). The influence of cyclic and climate exposure conditions such as temperature, 41 

liquid water and humidity on durability of adhesive tapes used in the building industry is obvious. It is 42 

important to identify the adequate properties with their corresponding requirements for specially 43 

formulated and targeted adhesive tapes which are able to withstand these exposure conditions and thus 44 

are suitable for their intended applications. 45 

  46 

 47 

              48 

Figure 1 Examples for the use of tapes to increase air tightness in the building envelope. Left: seal an 49 

overlap in the roofing membrane. Middle: Seal between the wind barrier and a window frame. Right: 50 

vapour barrier tape for sealing of vapour barrier and a window frame (figure adapted from SINTEF). 51 
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Durability of joints is therefore important, and accurate and reproducible test methods should evaluate 52 

their adhesive properties. Small-scale and large-scale accelerated climate laboratory ageing are widely 53 

used as durability evaluation methods. With such methods, main properties of building components or 54 

systems and their durability towards climate strains can be investigated within a relatively short period 55 

of time. Thus, various accelerated ageing apparatuses are utilized in the laboratory according to 56 

different ageing methods and standards. The selection of the apparatuses depends on a number of 57 

factors including the type of product or material to be tested, the end-use application, the main 58 

degradation modes, and budgetary restrictions. For adhesive tapes, UV resistance, moisture resistance, 59 

and thermal resistance properties are important to withstand degradation during the actual construction 60 

period and use phase of the building. Thermal resistance is of special importance when adhesive tapes 61 

are to be subjected to high temperatures, which may be the case during the construction period or 62 

around windows and the roof area [3].  Accelerated ageing experiments may provide information 63 

related to the expected service life, the deterioration processes and maintenance schedules of the new 64 

systems during their real applications. 65 

 66 

To the authors knowledge, such reliable durability test methods (e.g. accelerated ageing procedures 67 

and long-term performance prediction methods)  are lacking for adhesive tapes used for outdoor 68 

building applications [4], despite the existence of different standards [5-8] relevant to tapes used for 69 

other application areas. There is only one standard, DIN 4108-11 [9], recently developed by German 70 

Institute for Standardization, which describe the minimum requirements to the durability of adhesive 71 

tapes used for buildings. However, this national standard is used only for adhesive tapes applied for 72 

sealing of vapour barrier layers.  73 

 74 

SINTEF Building and Infrastructure (SINTEF) evaluates and documents the performances of building 75 

materials, components and construction systems used in Norwegian buildings. This is a requirement 76 

given by the Norwegian building authorities (Direktoratet for Byggkvalitet) in the building 77 

engineering regulation[2], for building materials used in Norwegian buildings. Among others, SINTEF 78 

has performed testing and evaluation of the durability of tapes used in buildings according to SINTEF 79 
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guidelines for tapes used in buildings [10], in order to evaluate the suitability of the tapes for the use in 80 

buildings exposed to the harsh Norwegian climate.  81 

 82 

SINTEF guidelines for tapes used in buildings provide test methods for tapes used for sealing both 83 

wind barrier and/or vapour barrier building layers. The guideline is based on the standard test methods 84 

used for testing roof membranes [11-13], considering the tapes are expected to be exposed to similar 85 

climate conditions like the roof membranes. According to the guideline, the durability of the adhesive 86 

tape joints is evaluated by exposing the test specimens to main environmental conditions (i.e. water, 87 

UV, freeze/thaw and heat) in accelerated laboratory ageing. The durability of the adhesive tapes and 88 

adhesive joints is evaluated using two weeks of accelerated ageing in a climate simulator with four 89 

repeated cycles, according to NT Build 495 [14], and 24 weeks of heat aging at 70 oC in accordance 90 

with NS-EN 1296 [15]. The tensile strength of the tape and the shear and peel resistance of the 91 

adhesive joints are evaluated before and after ageing, and for different tape/substrate interfaces. 92 

However, the test is time-consuming (e.g. accelerated ageing tests need 24 weeks), and expensive (e.g. 93 

testing of one tape with two end-use substrates leads to testing of more than 30 test specimens). In 94 

addition, there is uncertainty on the exposure condition of vapour barrier tapes and wind barrier tapes 95 

in the accelerated ageing chamber. The objective of this study is twofold, i.e. to evaluate existing tape 96 

durability test methods and explore possible future research perspectives. These results from this work 97 

are expected to help establishing guidelines for a new testing scheme. Possible future perspectives are 98 

also discussed. 99 

2. Methodology  100 

The methodology section of this paper is divided into two parts. The first part outlines the durability 101 

test and evaluation methods, designed and performed. It includes the description of materials used for 102 

testing, accelerated aging test method used to evaluate the effect of different weathering factors and 103 

description of the test methods used to evaluate the performance of the adhesion bonds. This first part 104 

also describes the statistical and sensitivity analysis used for the evaluation of the adhesion test results. 105 
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The second part outlines the test method used to quantify the effect of wind load on the adhesive 106 

properties of wind barrier and adhesive tape joints. 107 

2.1 Test methods 108 

2.1.1 Materials  109 

Adhesive tapes are viscoelastic materials (i.e. have both viscous and elastic properties) that adhere to a 110 

surface only by applying a light pressure [16]. Because of their viscous properties, they can flow easily 111 

and be able to dissipate energy during the adhesive bonding process to the substrate. They also resist 112 

separation under stress due to their elasticity. The degree of wetting is one of the criteria for good 113 

adhesion and it mainly depends on the difference between the surface energy of adhesive and 114 

substrate. Surface energy is sensitive to the surface chemistry and the morphology of the surface. For 115 

example, metals and glass have a high surface energy and are easier to bond; whereas plastics have a 116 

lower surface energy and are harder to bond. Wood fiberboards concrete, bricks and certain types of 117 

oriented strand boards (OSB) require a high quality primer in order to improve adhesion as the 118 

surfaces of these materials may delaminate when the adhesive tape is applied. For adhesive tapes 119 

applied to rough and textured surfaces, the ability of the adhesives to flow and fill out different 120 

textured surfaces is crucial. When dealing with difficult-to-bond substrates and critical applications, 121 

use of primer or special adhesive enhancing formulations may help to ensure predictable adhesion 122 

conditions.   123 

 124 

The surface of the substrate where the adhesive tape is glued must be clean, dry, grease- and solvent-125 

free for a good adhesion. Besides the properties of the adhesive and the substrate characteristics, stress 126 

conditions (e.g. weathering) and end use environment (e.g. indoor use or outdoor use) are other factors 127 

which affect the performance of the adhesive tape.  128 

 129 

Four types of single-sided acrylic tapes and seven types of substrates were selected to evaluate the 130 

adhesion and cohesion performance of adhesive tapes. Two of the tapes are designed for indoor 131 

applications and the other two are designed for outdoor applications. The seven substrates used 132 
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represent typical materials in which the tape is applied. The description of the test specimens along 133 

with the notation system used in this study are presented in Table 1. 134 

The four tapes (S, E, I and W) were applied on the selected substrates (WT, WI, VT, S, CS, G, GS) 135 

and preconditioned at a temperature of (23 ± 2) ºC and a relative humidity of (50 ± 2) % for 48 h 136 

before the test. 137 

 138 

Table 1 Tapes and substrates used in the experiments. 139 

Description of the acrylic tapes and substrates used in the test 

Tapes Description Notation 

Adhesive Backing  

 

 

Tapes for indoor 

applications 

Modified acrylic adhesive PE coated paper backing 

 

S 

Modified acrylic adhesive  PE film backing E 

Tapes for 

outdoor 

applications 

Modified acrylic adhesive Grid fabric of PE film backing   I 

Modified acrylic adhesive Polyolefine backing W 

Substrates Description Notation 

Wind barriers PE based wind barrier  WT 

PP based wind barrier  WI 

Vapour barrier PE based vapour barrier VT 

Uncoated spruce Planed wood S 

Coated spruce Wood coated with water based paint CS 

Glass - G 

Galvanized steel - GS 
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2.1.2 Accelerated ageing 140 

Accelerated ageing tests are used to predict the long-term performance of joints. Two different 141 

accelerated ageing test series were selected: 142 

 In the first ageing test series, the materials were first exposed to two weeks of climate ageing 143 

in a vertical climate simulator, according to NT Build 495 [14]. In the vertical climate 144 

simulator, the samples are subjected in turns to four different climate exposure conditions; 145 

ultraviolet (UV) and infrared irradiation (black panel temperature of 63 °C), water spray (15 146 

dm3/(m2 h)), freezing (−20 °C) and ambient laboratory conditions. The exposure time is 1 h 147 

for each climate condition. The samples are then subjected to 24 weeks of heat ageing at 70 oC 148 

in heat chamber, according to NS-EN 1296. The temperature of 70 °C was used since the 149 

maximum temperature of 60 °C to 70 °C is the normally accepted upper safe temperature limit 150 

for accelerated ageing of polymers [17]. However, also note that higher temperatures may 151 

occur for shorter period at extreme conditions, e.g. up to 90 °C under dark coloured roof tiles. 152 

 In the second ageing test series, the test specimens were directly exposed to 24 weeks of heat 153 

ageing at 70 °C in a heat chamber according to NS-EN 1296 [15].  154 

 155 

The two weeks of climate ageing test (in the first ageing test series) are used to simulate the potential 156 

maximum outdoor climate exposure of tapes during the construction period, whereas the 24 weeks of 157 

heat ageing (in the first and second ageing test series) simulate the potential ageing of the tapes during 158 

their intended use.  159 

 160 

Untreated (fresh) test specimens and aged specimens, after 2, 8, 12 and 24 weeks of ageing, were 161 

evaluated. Untreated (fresh) test specimens were used as a reference for comparison of the ageing 162 

result with aged specimens. The notation system used for the two ageing series and test intervals is 163 

summarized in Table 2.  164 

 165 

Table 2 Accelerated ageing and test intervals (with notation system used) 166 
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Ageing Test interval 

Test series 1: 

Climate and heat 

ageing 

 

 

 

Fresh    

(f) 

After 2 weeks 

climate ageing       

(c) 

After 2 weeks heat 

ageing 

(1) 

After 8 weeks 

heat ageing 

(2) 

After 12 weeks 

heat ageing 

(3) 

 

After 24 

weeks heat 

ageing 

(4) 

 

Test series 2: 

Heat ageing 

After 2 weeks heat 

ageing 

(1h) 

After 8weeks heat 

ageing 

(2h) 

After 12 weeks heat 

ageing 

(3h) 

After 24 weeks heat 

ageing 

(4h) 

2.1.3 Test methods for determination of the performance of adhesive joints 167 

Adhesion to a surface and cohesion or internal strength properties of adhesive tapes determine the 168 

sticky nature of adhesive tapes. Adhesion is the binding force between two different materials, 169 

whereas cohesion is the binding force between two similar materials. Peel and shear resistance test 170 

methods are used to evaluate the adhesion and cohesion performance of adhesive joints.                          171 

Peel resistance is the force required to peel an adhesive tape from a specified substrate at a specified 172 

angle and speed. The peel resistance gives information about the bond strength between the adhesive 173 

tape and the substrate. The peel force measured is not an inherent property of the adhesive, but 174 

depends on many variables such as the test method, temperature, peel rate, adhesive chemistry, 175 

adhesive thickness, ageing, the stiffness and thickness of the adhesive backing and properties of the 176 

substrate [18]. 177 

 178 

180 degree peel test, 90 degree peel test and T-peel test are the three main types of peel tests. The 90 179 

and 180 degree peel tests are commonly used when an adhesive tape is adhered to a more rigid 180 

substrate (e.g. wood) while the T-peel test is used for tape applied to thin, flexible substrates (e.g. 181 

polyethylene vapour barrier). Even if both 90 degree and 180 degree peel tests are peeled at the same 182 

testing rate, the peel rate for 90 degree is greater than for the 180 degree [18].  183 

 184 

The shear resistance is a measure of the internal strength or cohesiveness of an adhesive. For tapes 185 

sealing joints, they will be exposed to sustained forces caused by different rates of expansion and 186 
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contraction of the surfaces on both sides of the joint. High shear resistance of the adhesive tapes used 187 

to cover joints is thus important to create an air and/or moisture seal which absorbs stress and 188 

movement to help structures stay strong and safe  [3, 19].  189 

 190 

In this work, the peel and shear resistance of adhesive tapes glued to essential end-use substrates were 191 

evaluated before and after accelerated ageing according to NS-EN 12316-2 [12] and NS-EN 12317-2 192 

[13], respectively (see Figure 2). The tests were carried out using a universal testing machine (Zwick 193 

MT-411).  194 

 195 

 196 

 197 

 198 

Figure 2 Schematic diagram of peel resistance tests (T-peel resistance test of tape adhered to flexible 199 

substrate (a) and 180 degree peel resistance test of tape adhered to rigid substrate (b)) and shear 200 

resistance (c) tests, adapted from [4]. 201 

 202 

The test methods, test specimen dimensions and the number of test specimen's replicate used are 203 

summarized in Table 3.  204 

 205 

Table 3 Test methods,test specimen sizes and number of test specimen's replicate. 206 

 Peel resistance test  
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T-peel (for tapes 

applied to flexible 

substrates) 

180 degree (for tapes 

applied to rigid 

substrates) 

Shear resistance 

test 

Standards NS-EN 12316-2 [12] NS-EN 12316-2 [12] NS-EN 12317-2 [13] 

Grip distance (mm) 100 ± 2 200 ± 2 120 ± 2 

Grip separation speed (mm/min) 100 ± 10 100 ± 10 100 ± 10 

Sample size (width x length) mm, for 

tapes  

(50 x 300) ± 0.5 (50 x 300) ± 0.5 (50 x 220) ± 0.5 

Sample size (width x length) mm, for 

substrates 

(70 x 220)±0.5 (70 x 220) ± 0.5 (70 x 220) ± 0.5 

Number of test  specimens replicas used 

for Test series 1 
5 5 3 

Number of test  specimens replicas used 

for Test series 2 
3 3 3 

Total number of test specimens tested 990 594 

 207 

2.1.4 Statistical treatment of the results 208 

A total of 1584 evaluations were performed and are classified into different configurations and 209 

different evaluations. A configuration is defined by a tape: t, a substrate: s, and an exposure: e. An 210 

evaluation X  can be either peel resistance: PR  or shear resistance: SR . For each evaluation, between 211 

three and five replicates were used. The replicate number is referred to as i, and the number of 212 

replicates is referred to as n in the following. 213 

 214 

It is assumed that most of the evaluations X collected under a given configuration are representative of 215 

a unique population. Evaluations are identified that are collected under a given configuration, but do 216 

not belong to the assumed population, e.g. external perturbation during the test. 217 

 218 
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The criterion for identifying an evaluation X not belonging to the assumed population for a given 219 

configuration is adapted from Minitab statistical software (2010), and is defined as follows: 220 

 221 

   
   

1 3 1 3 3 1

1 3 1 3 3 1

If 1.5 ; 1.5 , then  belongs to the population

If 1.5 ; 1.5 , then  does not belong to the population

X Q Q Q Q Q Q X

X Q Q Q Q Q Q X

        


       
 (1) 222 

 223 

where 1Q  and 3Q  are the lower and upper quartiles [20], respectively. The following statistical 224 

indicators are computed. The mean value X  is defined as: 225 

 
1

n
i

i

X
X

n

   (2) 226 

 227 

The standard deviation 2S  is defined as: 228 

 
 2

2

1 1

n
i

i

X X
S

n




   (3) 229 

 230 

2.1.5 Sensitivity analysis 231 

The statistical design of experiments (DOE) methodology [20] was used for identification and 232 

correlation of the significant factors that affect the mechanical properties of the taped joints. Three 233 

general factors: exposure times, substrates, and tapes, were selected as input variables, and two 234 

adhesive properties: peel resistance and shear resistance, were selected as output variables. The three 235 

factors and their levels are shown in Table 4.  236 

 237 

Table 4 Factors and levels used for the full factorial design. 238 

Factors Levels 

Exposure time e  c, 1, 2, 3, 4, f, h2, h8, h12,h24 

Substrate s GS, G, S, CS, WT, WI,VT 
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Tape t I, W, E, S 

  239 

Statistical evaluation of the data was performed using Minitab 17 software. The main response value 240 

compares the relative strength of the various factors on a selected response. For example, the main 241 

effect of a given tape 1t  is defined as: 242 

 
1 1for t t tX X    (4) 243 

 244 

The interaction value quantifies the interaction of two factors at all possible combinations on the mean 245 

response. For example, the interaction of a given tape 1t  and a given substrate 1s  is defined as: 246 

 
1 1 1 1for  and t s t t s sX X     (5) 247 

2.2 Digital image correlation 248 

Digital image correlation (DIC) was employed for measuring full-field displacements of wind-barriers 249 

membrane (WT) joined by adhesive tapes (W) under wind loads. Wind loads were applied according 250 

to the experimental protocol described in standard EN 12211:2000 [21]. Two loading protocols were 251 

followed, according to the wind resistance method given in Annex B of the standard EN 12211:2000: 252 

 Loading protocol 1: a maximum dynamic pressure equivalent to a strong breeze (P1 = 40 253 

km/h, positive pressure) is progressively applied from the inside of the test specimen. A 254 

negative pressure is then progressively applied to the inside of the test specimen in order to 255 

reach - 40 km/h (-P1) wind speed in the opposite direction (from outside to inside). 256 

 Loading protocol 2: a maximum dynamic pressure equivalent to a violent storm (P1 = 113 257 

km/h, positive pressure) is progressively applied from the inside of the test specimen. 258 

 259 

The test specimen construction corresponds to a typical Scandinavian timber frame construction with 260 

36 mm × 148 mm solid timber studs at a spacing of 600 mm between timber studs, as recommended 261 

by [22], and shown in Figure 3a).  A two-part wind-barrier membrane of type WT was fixed to each 262 

studs be means of staples every 20 cm. A 50 cm wide adhesive tape of type S was used to join the 263 
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different parts of the wind-barrier membrane. The overlapping joint was located 20 cm from the 264 

nearest timber stud, and 40 cm away from the furthest stud.  265 

 266 

Prior to the test, a surface of approximately 30 cm x 30 cm was spray-painted with an alcohol free 267 

acrylic black paint on the outside of the test specimen. A perforated plate with a regular pattern was 268 

used to ensure a fine-grained and high contrast speckle pattern, see Figure 3b). During testing, grey-269 

scale images of the speckle-patterned specimen surface were recorded at a framing rate of 1 Hz using 270 

two Prosilica GC2450 digital cameras equipped with a 28 – 105 mm Nikon lens, see Figure 3c). The 271 

recorded images were post-processed using an in-house three-dimensional DIC software [23] in order 272 

to compute displacement and strain fields of the specimen. 273 

 274 

 275 

Figure 3 a) Full scale test specimen, b) Speckle pattern on both the tape (W) and the wind barrier 276 

(WT), and c) One of the digital cameras used for recording images. 277 

3. Results  278 

3.1 Peel and shear resistance  279 

3.1.1 Wind barrier tapes 280 

The mean peel resistance and shear resistance for wind barrier tapes from test series 1 (2 weeks 281 

climate ageing and 24 weeks' heat ageing) are presented in Figure 4.  282 



 
 

14 
   

The results show significant reduction in peel resistance with exposure time and relatively higher peel 283 

values for rigid substrates (GS, G, S and CS) compared to wind barriers (WT, WI). From rigid 284 

substrate, the lowest peel resistance for S (uncoated spruce) can be due to the effect of exposure on the 285 

adhesive-substrate interface. However, there was slight reduction in shear resistance with respect to 286 

exposure time and type of substrate. There was also significant difference in shear resistance between 287 

the two types of wind barrier tapes (I, W) with respect to exposure time and type of substrate, although 288 

the peel resistance was almost similar. The difference in the chemical composition of the two tapes can 289 

be one reason for the variation of the results. These results may be summarized as follows: 290 

 In general, W tape is less affected by increase in exposure and type of substrates but has a 291 

lower peel and shear resistance compared to I tape. 292 

 In particular, type of exposure and choice of substrate have a non-significant effect on shear 293 

resistance of W tape. 294 

 The lowest peel and shear resistance of WT with respect to type of exposure and the two tapes 295 

can be due to the lower surface energy properties of the polyethylene based substrate, WT. It 296 

is also stated by Maassen et al. [24] that polyethylene, polypropylene and other commonly 297 

used polyolefines exhibit a low surface energy, and that adhesion of adhesive tape to such 298 

substrates is still a challenge. 299 

 The effect of exposure is more significant for peel resistance: mean reduction of up to 50% of 300 

the measured performance, than for shear resistance: mean reduction of up to 30% of the 301 

measured performance. These show that the surface properties of the substrate and exposure 302 

condition have significant effect on the peel adhesion tests. 303 

 Exposure has a less significant effect on the shear resistance, and all substrates are observed to 304 

experience a sharp reduction of performance during the last period of the aging protocol.  305 

 The only notable exception to this pattern is the WT substrate, which exhibits a sharp 306 

reduction of performance at the very beginning of aging protocol, and then maintains an 307 

almost constant performance to the end of the aging protocol. This can be due to the substrate-308 

adhesive interface properties. 309 
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 310 

 311 

 312 

 313 

 314 

  315 
 316 

   317 

Figure 4 The main effect and interaction plot of factors on the mean peel and shear resistance for wind 318 

barrier tapes exposed to 2 weeks climate ageing and 24 weeks of heat ageing (test series 1). 319 

The mean peel and shear resistance results for wind barrier tapes investigated in test series 2 (24 weeks 320 

heat aging) (Figure 5) were showing almost similar trends as test series 1 (Figure 4). The lack of 321 

climate aging protocol results in the following differences: 322 

 Slightly general higher performance with respect to both peel resistance (+12%) and shear 323 

resistance (+4%). 324 

 The effect of exposure onto peel resistance is observed to be "delayed" for tape I, since the 325 

reduction of performance is significant only from the third period of the aging protocol.  326 
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 327 

   328    329 

  330 

Figure 5 The main effect and interaction plot of factors on the mean peel and shear resistance for wind 331 

barrier tapes exposed to 24 weeks of heat ageing (test series 2). 332 

3.1.2 Vapour barrier tapes 333 

Figure 6 and Figure 7 present the mean peel and shear resistance for the vapour barrier tapes from test 334 

series 1 and test series 2, respectively.  335 

  336 

The results from test series 1 (Figure 6) showed significant reduction in the peel and shear resistance 337 

of S tape after 2 weeks of climate ageing (c). The peel resistance keeps on decreasing with increase in 338 

exposure time while the shear resistance changes very slightly. It was also observed that the peel and 339 

shear resistance for rigid substrates (GS, G, S and CS) were higher than that for the vapour barrier 340 

(VT). However, the peel and shear resistance between the two types of vapour barrier tapes (E, S) with 341 

respect to exposure time and type of substrate (except for CS) were nearly similar. These results may 342 

be summarized as follows:  343 
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 Both peel resistance and shear resistance of S tape are substantially affected by climate ageing 344 

(c), and are slightly affected by choice of substrate. The response of S to different exposure 345 

condition can be due to the properties of adhesive and backing composition and adhesive-346 

substrate interfaces. The significant reduction in peel and shear resistance of S tape is due to 347 

the effect of moisture on the paper backing of S tape during climate ageing. This may be due 348 

to that S tape is exposed to an environment where it was not designed. That means, S tape is 349 

designed to be used for indoor application where climate exposure is limited. 350 

 Peel resistance of tape E increases after 2 weeks of climate ageing (c). This can be due to the 351 

effect of temperature during ageing in the heat chamber. The temperature may soften the 352 

adhesive and wet the substrate, which leads to increase in the peel resistance.  353 

 Shear resistance of tape E is not significantly affected by exposure type or by choice of 354 

substrates. The exposure to heat ageing can reduce the shear resistance of the tape due to the 355 

softness of adhesive (which reduces the cohesion force). However, the reduction in shear 356 

resistance is very slow and steady. 357 

   358 
 359 

   360 
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 Figure 6 The main effect and interaction plot of factors on the mean peel and shear resistance for vapour 361 

barrier tapes exposed to 2 weeks climate ageing and 24 weeks of heat ageing (test series 1). 362 

 363 

The results from test series 2 (Figure 7, 24 weeks of heat ageing) indicated that the peel resistance 364 

reduced significantly with exposure time, while the shear resistance remains similar. It was also 365 

observed that the peel and shear resistance of rigid substrates (GS, G, S and CS) were higher than for 366 

the vapour barrier (VT). In addition, the peel and shear resistance of S tape was significantly higher 367 

than E with respect to exposure time and type of substrate (except for VT). Here it should be noted 368 

that, the properties of the different backings used in adhesive tapes can influence the peel and shear 369 

resistance. These results may be summarized as follows: 370 

 The lower peel and shear resistance of substrate VT compared to all other tested substrates 371 

may be due to the lower surface energy of VT. 372 

 Shear resistance of both E and S tapes is not significantly affected by the type of exposure.  373 

  374 
 375 

  376 
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Figure 7 The main effect and interaction plot of factors on the mean peel and shear resistance for vapour 377 

barrier tapes exposed to 24 weeks of heat ageing (test series 2). 378 

 379 

The peel and shear resistance results of vapour barrier tape joints exposed to test series 1 (2 weeks of 380 

climate ageing and 24 weeks of heat ageing) were significantly affected by climate ageing.   381 

3.2 Digital image correlation 382 

Results from the digital image correlation (DIC) experiments show limited permanent deformation of 383 

the test specimens after the first loading protocol, see Figure 8b, and substantial permanent 384 

deformation after the second loading protocol, see Figure 8c. The initial undeformed speckle pattern is 385 

given in Figure 8a for easy comparison. 386 

 387 

After the first loading protocol, just a slight change in the speckle pattern is visible compared to the 388 

initial speckle pattern. At the right side of the tape the speckle pattern is hardly widened. After the 389 

second loading protocol, stronger deformation of the speckle pattern is visible at the edges of the tape. 390 

Clear white lines are observed. 391 

 392 

 393 
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Figure 8a) Initial speckle pattern, b) deformed speckle pattern after loading protocol 1, and c) 394 

deformed speckle pattern after loading protocol 2. 395 

Detailed analyses of the evolution of the strain field (Figure 9) suggest adhesive degradation or 396 

deformation and a consequent sliding of the tape across the wind barrier. However, the deformation 397 

and sliding of the tape is relatively small. Further analysis of the degradation processes as well as 398 

better understanding of the mechanical properties of the bonding between tape and substrate are 399 

therefore required.  400 

 401 

 402 

Figure 9 An example of strain field obtained from post-processing. Blue colour no movement. Green 403 

colour little movement. Red colour large movement 404 

4. Discussions and future research perspectives 405 

The scope of this work was limited to evaluation of the durability of adhesive joints based on 406 

mechanical tests. The chemical properties of the adhesive joints before, during and after the 407 

accelerated ageing test were not evaluated. In further work, detail investigation on the 408 

chemical properties of adhesive joints should be incorporated. Fourier transform infrared 409 

spectroscopy (FTIR) analysis can be used as a potential surface characterization technique to 410 

understand chemical composition of the adhesive tape and the chemical changes in the 411 

adhesive joints before, during and after ageing. Scanning electron microscope (SEM) is 412 

another possible method, where elemental analysis through energy-dispersive x-ray 413 
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spectroscopy (EDS) embedded in the SEM can be used for extracting information about 414 

chemical changes during ageing processes. 415 

 416 

The peel and shear resistance results of vapour barrier tape joints exposed to test series 1 (2 417 

weeks of climate ageing and 24 weeks of heat ageing) were significantly affected by 2 weeks 418 

climate ageing. The results from test series 2 (24 weeks of heat ageing) indicated that the peel 419 

resistance reduced significantly with exposure time, while the shear resistance remains 420 

similar. In real world conditions, the probability of these joints to be exposed to rain and frost 421 

might be limited as these tapes are intended for indoor use. It was argued that the vapour 422 

barrier tapes should be exposed to only 24 weeks of heat ageing provided the tapes will not be 423 

exposed to solar radiation and moisture during the construction period of the building (for 424 

example exposure to rain or frost before the roof has been covered). However, the possibility 425 

of the vapour barrier tapes exposure to solar radiation during for example transportation, 426 

storage, or installation, was also discussed. Thus, to ensure that the vapour barrier tapes 427 

withstand any solar radiation exposures, it is recommended to expose vapour barrier tapes for 428 

three days in horizontal ageing apparatus followed by 24 weeks of heat ageing. The horizontal 429 

ageing apparatus is a non-commercial accelerated ageing apparatus, which is used for 430 

exposing materials to a combined horizontal UV, temperature and water spray on a 431 

consecutive basis according to EN 1297[17]. Due to the possibility of exposure of the wind 432 

barrier tapes to different exterior climate conditions during the construction period (before the 433 

building is covered with cladding), it is recommended to expose wind barrier tapes for 2 434 

weeks climate ageing before the 24 weeks of heat ageing.  435 

 436 
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Accelerated ageing experiments may provide information related to the expected actual 437 

service life of a product, the deterioration processes and maintenance schedules of the new 438 

systems during their real applications. One of the critical aspects of durability testing is 439 

prediction of the equivalent service life of products from accelerated ageing tests. That means, 440 

for example an estimation of the equivalent actual service life of adhesive tape after 441 

accelerated ageing for 2 weeks in climate simulator and 24 weeks in heat chamber at 70 ˚C 442 

(test series 1). Service life estimations are important for several reasons including for 443 

comparison of different products, giving warranties, making life time cost calculation, and 444 

establish requirements for maintenance and renovation. The rate of degradation in the 445 

accelerated ageing test chamber can be compared with actual outdoor exposure using an 446 

acceleration factor, a number correlating the ageing time in the test chamber with actual 447 

natural outdoor ageing exposure. A simplified calculation methodology has been used to 448 

calculate an acceleration factor [17, 25]. However, this methodology is developed using a 449 

number of assumptions. The calculation considered the effect from UV and temperature while 450 

the influence from other climate strains such as moisture exposure, has not been included. In 451 

addition, the calculation is very dependent on the choice of reference natural temperature. It is 452 

also difficult to give a precise comparison between artificial and natural aging. The outdoor 453 

exposure can vary a lot depending on the weather conditions where the building is situated 454 

and how strongly it is exposed for example solar radiation, rain, heat and frost. In this work, 455 

the service life estimation of the adhesive tapes is not included. It is recommended to 456 

investigate and elaborate existing service life estimation method and evaluate how accelerated 457 

ageing test results of joints simulate the actual service life conditions. 458 

 459 

Although standard test substrates, such as glass and steel, are used as a standard test plates, 460 

glass and galvanized steel along with main end-use substrates have been tested in order to 461 
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evaluate the actual substrate/interface property. The test results of peel and shear resistance of 462 

wind barrier and vapour barrier tapes adhered to hard substrates i.e. galvanized steel (GS), 463 

glass (G), coated spruce (CS) and planed spruce (S) are almost similar. This might indicate 464 

the possibility of using one of the substrate as a standard test substrate, for e.g. galvanized 465 

steel (as suggested by AFERA) or glass (as suggested by FINAT) in place of coated and 466 

uncoated wood when testing wind barrier and vapour barrier tapes. This standard test 467 

substrate can also be used in place of other materials like gypsum board or materials with 468 

delaminate surfaces such as concrete, brickwork, OSB and wood fiberboards (after the 469 

application of primers on the surface of the materials in order to improve adhesion 470 

performance of the surface).  471 

 472 

The peel and shear resistance results of adhesive tapes adhered to flexible membranes, wind 473 

barrier membranes (WT and WI) and vapour barrier (VT), were relatively lower compared to 474 

adhesive tapes adhered to rigid substrates. This shows the importance of using a standard 475 

reference substrate from flexible membrane for testing wind barrier and vapour barrier tapes. 476 

Thus, it is suggested to test the wind barrier tapes against a standard hard or rigid substrate 477 

(e.g. galvanized steel) and polyethylene (PE) wind barrier membranes (e.g. WT), while 478 

vapour barrier tapes can be tested against a standard hard substrate (e.g. galvanized steel) and 479 

PE vapour barrier membranes (e.g. VT). Using a standard substrate can minimize the number 480 

of end-use substrates used to test the actual substrate/interface properties, which leads to 481 

reducing the time and cost of durability testing. Further investigation of the effect of surface 482 

energy of different building materials on which the wind barrier and vapour barrier tapes are 483 

applied is needed to verify these findings.  484 

 485 
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Detailed analyses of the evolution of the strain field from the digital image correlation results 486 

suggest adhesive degradation and a consequent sliding of the tape across the wind barrier. 487 

However, the deformation and sliding of the tape is relatively small. Further analysis of the 488 

degradation processes as well as better understanding of the mechanical properties of the 489 

bonding between tape and various substrates is recommended.  490 

 491 

Here it is important to note that the performance of the adhesive tapes is also very dependent 492 

on the actual application of the tapes in buildings. First it is important to determine the 493 

adequate properties with their corresponding requirements for adhesive tape suitable for the 494 

specific application areas, e.g. identify tapes intended for indoor and outdoor applications. 495 

The condition of the surface of the substrate is another factor which determines adhesion 496 

performance. It is important to know the surface properties of the substrate and evaluate if 497 

special surface treatment is required before the application of the adhesive tapes. In order to 498 

guarantee good adhesion, the surface should also be dry and free from dust and grease. 499 

Adhesive tapes become hard and glassy with decreasing temperature and higher temperatures 500 

make the adhesive stickier and reduce their adhesive strength. Thus, tapes should not be 501 

stored and/or applied in too cold or too warm temperature. Special adhesive tapes designed 502 

for extreme temperature can be used for very high or too low temperature applications. 503 

Manufacturers or suppliers of adhesive tapes should provide technical data, instructions and 504 

information about the application area and conditions of application of the adhesive tapes, and 505 

the end users should follow the given procedures during the application of the tapes to achieve 506 

the required adhesion. 507 

 508 

5. Conclusions 509 
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Adhesive tapes are used to maintain and/or increase the moisture and air-tightness of 510 

buildings. To the authors knowledge, adequate durability test methods (e.g. accelerated ageing 511 

procedures and long-term performance prediction methods) are lacking for tapes used for 512 

outdoor building applications. In this study, the long-term degradation mechanisms and 513 

mechanical properties of various commercially available adhesive tapes used for buildings 514 

applications were evaluated. Two wind barrier tapes and two vapour barrier tapes adhered to 515 

seven different types of substrates have been tested in order to evaluate the effect of different 516 

properties of the substrates on the durability of the joints. Two accelerated ageing test series 517 

have been used applying two different ageing procedures to evaluate the durability of the 518 

adhesive tapes used for wind barrier and vapour barrier joints. Peel and shear resistance tests 519 

were performed before, during and after accelerated ageing of the test specimens in order to 520 

evaluate the adhesion and cohesion performance of adhesive joints. The statistical design of 521 

experiments (DOE) technique was used for identification and correlation of the significant 522 

factors that affected the mechanical properties of the taped joints. Furthermore, the effects of 523 

wind load on the adhesive properties of wind barriers and adhesive tape joints were also 524 

investigated. 525 

From the accelerated ageing test results, it was suggested to differentiate the accelerated 526 

ageing exposure of tapes used for indoor and outdoor during accelerated ageing tests.  527 

The possibility of using standard substrates when testing the adhesive tapes instead of 528 

applying actual end-use substrates was also suggested. The study also highlights the need for 529 

further analysis of better understanding of the chemical and mechanical properties of the 530 

adhesive tapes, bonding between adhesive tapes and various substrates, the degradation 531 

processes and reliable service life prediction methods.  The body of this work is expected to 532 

strengthen the further development of durability testing and evaluation methodology for 533 

adhesive tapes for building applications. 534 
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