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1. Introduction 1 
Water absorption tests are commonly utilized to assess the liquid-water transport properties of porous 2 

building materials. One crucial aspect of these tests is the determination of water absorption 3 

coefficients, calculated based on the mass of water absorbed by a specimen per square root of the 4 

elapsed time during the tests (ASTM C1585−13, 2013; ASTM C1794-19, 2019; ISO 15148: 2002, 5 

2002). These coefficients are essential for quantifying and comparing the liquid transfer performance 6 

of different materials (Ma et al., 2020; Wang et al., 2019). Furthermore, advanced techniques, such as 7 

gamma-ray attenuation, X-ray attenuation, and nuclear magnetic resonance spectroscopy (Carmeliet, 8 

et al., 2004; Fukui, et al., 2021; Pel, et al., 1995) were employed to measure the evolution of water 9 

content distribution in a specimen during water absorption. These methods, along with simplified 10 

approaches, such as the ruler method and multi-step method (Evangelides et al., 2018; Ren et al., 11 

2019), help determine the water diffusivity of building materials, a critical hygric property for 12 

conducting hygrothermal simulations.  13 

The accuracy of water absorption tests has been debated for decades owing to their significance 14 

in evaluating moisture transport in porous materials. While these tests are generally considered 15 

reliable compared with sorption or cup tests, interlaboratory errors have been documented in previous 16 

studies (Feng et al., 2020; Roels et al., 2004). Factors contributing to these errors include data 17 

processing methods, initial water content of specimens, variations in temperatures, differences in test 18 

operators, and sealing methods employed for the materials (Bomberg, et al., 2005; Feng, et al., 2020; 19 

Roels, et al., 2004; Zelinka, et al., 2016). During the water absorption tests, the side surfaces of the 20 

specimens are covered with a vapor-impermeable material, such as wrap, adhesive, resin, or tape. 21 

Although international standards (ASTM C1585−13, 2013; ASTM C1794-19, 2019; ISO 15148: 2002, 22 

2002) do not specify suitable types of sealing materials for specific building materials, the choice of 23 

sealing methods can impact water transfer within a building material.  24 

It is often stated that certain sealing materials, such as adhesives and resins, can penetrate a 25 

specimen’s surface during application (Feng, et al., 2020; Zelinka, et al., 2016). Moreover, air 26 

entrapment (Hall, 2007) and multidimensional water inflow—resulting from partial exposure of the 27 

specimen’s sides near the water surface to avoid immersing non-adhesive sealing material (Wilson, et 28 

al., 1999)—can affect water absorption behaviors, particularly during the early stages of absorption. 29 

These factors can partially hinder water transfer in a material or disrupt the one-dimensionality of 30 

water absorption, potentially impacting the accuracy of water absorption test results. The influence of 31 

these error factors may vary depending on the characteristics of building and sealing materials, such 32 

as water and air transport properties, as well as resin penetrability. While existing studies often 33 

mention the effects of sealing methods on water absorption test results, the use of sealing materials 34 

likely to influence results, such as penetrating sealants, are not rare even in recent studies (e.g., Feng 35 

et al., 2020). In addition, research that primarily addresses sealing methods as potential sources of 36 



error is limited. Consequently, combinations of building and sealing materials have not been fully 37 

explored. The significance of different error factors related to sealing application in the water 38 

absorption of various building materials must be clarified, and a quantitative dataset should be 39 

provided to support the development of more reliable testing methods.  40 

This study investigates the effects of different sealing methods on the water absorption test results 41 

of building materials by comparing the impacts of multiple potential error factors and their dependence 42 

on the combination of sealing methods and building materials. Water absorption tests were conducted 43 

using three common building materials and various sealing materials, including plastic wrap, 44 

aluminum tape, and three types of resin. The study compares and discusses the effects of different 45 

sealing methods on the test results for each building material based on the test results and 46 

characteristics of the building and sealing materials. 47 

 48 

2. Materials and methods 49 
2.1. Building and sealing materials utilized in the experiments 50 

The water absorption tests conducted in this study utilized three common building materials: brick, 51 

calcium silicate board, and autoclaved aerated concrete (AAC). The density of the used brick, calcium 52 

silicate board, and AAC were 1,940, 520, and 410 kg/m3, respectively, and their porosities were 0.246, 53 

0.680, and 0.894, respectively. These materials exhibit a wide range of pore structures, as shown in 54 

Fig. 1. Furthermore, the hygric properties of these types of materials have often been examined (Feng 55 

and Janssen, 2021; Kumaran, 1996; Kumaran, 2006).  56 

 57 

[Insert Figure 1] 58 

 59 

The sealing materials utilized in the experiments were non-adhesive plastic wrap, aluminum tape, 60 

and resin. Two types of epoxy resins (referred to as Epoxy I and II hereinafter) and an acrylic-modified 61 

silicone resin were used on the brick and calcium silicate board specimens. The epoxy I was utilized 62 

for sealing the AAC specimen. The plastic wrap utilized was composed of polyvinylidene chloride 63 

and had a water vapor transmission rate of 7.3 g/(m2·d), as measured according to ASTM F1249−20 64 

(2020). The viscosity of the resins and time required to reach their practical strength after application, 65 

as provided by their respective manufacturers, are listed in Table 1. Additional information from the 66 

manufacturers includes: 67 

 Epoxy I begins solidifying approximately 90 min after mixing the two components and requires 68 

at least 8 h of fixation at 20 °C. This resin is characterized by superior waterproofing 69 

performance. 70 

 Epoxy II starts solidifying 5 min after mixing the two components and requires at least 15 min 71 

of fixation at 20 °C. 72 



 The acrylic-modified silicone resin becomes immobile within 2−3 min after application.  73 

Based on these data, Epoxy I is characterized by its low viscosity and extended solidification time. 74 

Regarding curing time, the acrylic-modified silicone resin offers the best performance among the three 75 

types. The aluminum tape utilized in this study was composed of aluminum foil with 0.05 mm 76 

thickness and acrylic adhesive. 77 

 78 

Table 1. Characteristics of the resins utilized in this study. 79 

Resin Epoxy I Epoxy II Acrylic-modified silicone 

Viscosity (Pa·s) 23–43*1, 25–45*2 200*3 76 

Duration to reach practical strength 10 h 60 min 15 min 

Note Two-component type  
*1 Main agent, *2 Curing agent, *3 Mixture 80 

 81 

2.2. Water absorption tests 82 

The bottoms of the AAC specimens were 45 mm × 50 mm, whereas those of the other specimens were 83 

40 mm × 60 mm. The height of the specimens was 100 mm. During testing, the specimens were 84 

immersed in water up to 5 mm from their bottoms. The areas on the side surfaces close to the bottom 85 

(> 5 mm) of the wrap-sealed specimens were left unsealed to prevent the wrap from coming into 86 

contact with the water, as shown in Fig. 2 (a). The top surfaces of specimens were sealed with plastic 87 

wrap containing small holes to prevent evaporation. This step was omitted for several brick and 88 

calcium silicate board specimens after confirming that evaporation from the top surface had negligible 89 

effects on the absorption behavior owing to fast water transport in the two materials. 90 

The various combinations of sealing methods and building materials tested are listed in Table 2. 91 

The choice of sealing materials can impact several potential error factors. For example, when the wrap-92 

sealed and resin-sealed specimens were compared (Figs. 2(a) and (b), respectively), differences were 93 

observed in both the conditions near the bottom surface (whether the side surfaces near the bottom 94 

were covered) and the penetration of the sealing material. Therefore, to focus on a single error source, 95 

tests combining multiple sealing methods were conducted using the brick specimens, as shown in Figs. 96 

2 (c) and (d). In the case shown in Fig. 2(c), tape or Epoxy I was applied to the area 10 mm from the 97 

bottom surface to prevent multidimensional water inflow near the bottom, whereas the remaining area 98 

was covered with a wrap. In Fig. 2(d), tape or Epoxy I was applied to the area 90 mm from the top 99 

surface, leaving the bottom 10 mm uncovered to allow multidimensional water inflow near the 100 

bottom, similar to that of a wrap-sealed specimen. Three duplicated specimens were prepared for brick 101 

and AAC, and two specimens were prepared for calcium silicate board for each sealing method, except 102 

for cases of combined sealing methods.  103 

 104 



Table 2. Combinations of sealing methods and building materials tested in this study. 105 

Sealing method Brick Calcium silicate 

board  

Autoclaved  

aerated concrete 

Plastic wrap    

Aluminum Tape    

Resin Epoxy I    

Epoxy II    

Acrylic-modified silicone    

Combination 

 

Bottom 10 mm sealed with 

aluminum tape (with the top 90 

mm sealed with plastic wrap) 

   

Bottom 10 mm sealed with Epoxy 

I (with the top 90 mm sealed with 

plastic wrap) 

   

Top 90 mm sealed with aluminum 

tape (with the left area uncovered) 

   

Top 90 mm sealed with Epoxy I 

(with the left area uncovered) 

   

 106 
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 108 

Initial tests were conducted on both brick and calcium silicate board using wrap, followed by tests 109 

using tape or resin on the same specimen after the wrap was removed. This methodology allowed for 110 

a direct comparison of results, eliminating any differences among specimens caused by material 111 

heterogeneity. Additional measurements were conducted to ensure measurement repeatability; the test 112 

processes, including water absorption and drying, were repeated thrice using the same specimen sealed 113 

with wrap. Each building material was tested by a single operator in a controlled laboratory 114 

environment at a temperature of 23 °C. During the tests, water absorption was periodically halted, 115 

and the specimen was weighed to track the mass of absorbed water over time. The time intervals for 116 

weighting were determined depending on the rates of absorption of each material. For brick and 117 

calcium silicate board, the first weighting was conducted at the elapsed time of 10 min., followed by 118 

weightings approximately every 30 min. For AAC specimens characterized by relatively slow and 119 

long absorption, the first weighting was conducted at the elapsed time of 1 h, with subsequent 120 

weightings taken every 1 h to several days (longer intervals at later elapsed times). Each sample was 121 

weighed within 30 s. 122 

 123 



3. Results 124 
3.1. Brick and calcium silicate board 125 

Examples of the time evolution of the water masses absorbed by the brick and calcium silicate board 126 

specimens are shown in Fig. 3. Both materials displayed linear relationships between the square root 127 

of elapsed time (t) and absorbed water mass before the wetting front reaching at the top surface. The 128 

water absorption coefficients A (kg/(m2·s1/2)) of the specimens were determined from the slope of the 129 

graph before capillary saturation using the least squares method. Additionally, the water content at 130 

capillary saturation wcap (kg/m3) was determined from the endpoint of the primary absorption stage. 131 

 132 

[Insert Figure 3] 133 

 134 

Based on the determined water absorption coefficient A and water content at capillary saturation 135 

wcap, measurement repeatability was assessed. The maximum differences in A over three repeated tests 136 

using the same wrap-sealed specimen were 6% and 3% for the brick and calcium silicate board 137 

specimens, respectively. Additionally, the maximum differences in wcap for both types of specimens 138 

were negligible (< 1%). These results indicate that the influences of repeated exposure to water and 139 

drying on the water transport properties were not significant within at least three repeated tests. The 140 

average values of A and relative standard deviation determined using multiple wrap-sealed specimens 141 

were 0.227 kg/(m2·s1/2) and 4.5%, respectively, for eight brick specimens and 0.708 kg/(m2·s1/2) and 142 

1.8%, respectively, for four calcium silicate board specimens. 143 

The water absorption coefficients A determined for tape- or resin-sealed specimens relative to those 144 

sealed with wrap (that is, Aresin/Awrap or Atape/Awrap, where Awrap, Aresin, and Atape represent the water 145 

absorption coefficients when plastic wrap, resin, and aluminum tape were utilized to seal the specimen, 146 

respectively) are shown in Fig. 4. To eliminate any differences among specimens caused by material 147 

heterogeneity, each value of A was normalized to the value of the same specimen sealed with plastic 148 

wrap. When aluminum tape was utilized to seal the materials, the difference in A of both materials 149 

compared with that of wrap-sealed specimens was < 8%. Particularly, the changes in A of the brick 150 

specimens were minimal, considering the measurement repeatability errors. The impact of resin on 151 

water absorption was more pronounced compared with that of tape, resulting in a reduction in A in 152 

most cases. Although the changes in A of calcium silicate board specimens owing to the application 153 

were < 7% for all types of resins, the decreases in A of brick specimens were more significant. Notably, 154 

the application of Epoxy I to the brick specimen reduced A by 28% compared with the case of plastic 155 

wrap.  156 

 157 

[Insert Figure 4] 158 

 159 



Even when the resin was only partially applied to the sides of brick specimens, A decreased 160 

considerably. This decrease was more significant when an area measuring 90 mm from the top surface 161 

was sealed (Fig. 2 (d)), compared with sealing the bottom 10 mm (Fig. 2 (c)). 162 

The graph of the water content of the tape- and resin-sealed brick specimens at capillary saturation 163 

relative to that of the wrap-sealed specimens is shown in Fig. 5. The water content at capillary 164 

saturation decreased significantly when resin, particularly Epoxy I, was utilized to seal the specimens. 165 

These differences in the results are important to consider for all types of resins, given the high 166 

repeatability of measurements of capillary saturated water content. In contrast, the differences in 167 

water content of calcium silicate board at capillary saturation owing to the sealing methods were 168 

negligible (< 1%).  169 

 170 

[Insert Figure 5] 171 

 172 

3.2. Autoclaved aerated concrete 173 

The typical results for AAC specimens are shown in Fig. 6. Unlike brick and calcium silicate board 174 

specimens, the AAC specimens exhibited a nonlinear relationship between the square root of time and 175 

absorbed water mass. This trend was also observed in previous studies (Feng and Janssen, 2018; 176 

Ioannou et al., 2008). The A values could not be directly determined from the slopes of the graphs, 177 

leading to the utilization of the following equation to fit the graph (Hall & Tse, 1986): 178 

 179 

 1/2m At Ct∆ = − , (1) 180 
 181 

where ∆m represents the mass of the absorbed water per unit surface area of the bottom surface (kg/m2), 182 

t represents the elapsed time (s), and C represents an additional constant. The second term in the 183 

equation was added to account for the curvature of the graph. 184 

The calculated values of A are shown in Fig. 7. Specimens sealed with Epoxy I exhibited low A, 185 

similar to those observed in the other two building materials. Differences in results for specimens 186 

sealed with other methods were unclear due to relatively high variability among specimens. Notably, 187 

the results indicate a significant increase in water absorption during early stage of absorption (< 250 188 

s0.5) when aluminum tape was utilized to seal the specimens, as shown in Fig. 6, though the values 189 

of A do not differ from those with other sealing methods apparently.  190 

 191 

[Insert Figure 6] 192 

[Insert Figure 7] 193 

 194 



4. Discussion 195 
4.1. Resin penetration 196 

The test results for the resin-sealed brick and calcium silicate board specimens indicated that the use 197 

of resin generally reduced the water absorption of both materials. As the impact of the sealing material 198 

on the determined hygric properties may vary depending on the personnel conducting the 199 

measurements (Feng, et al., 2017), additional experiments were conducted to assess these differences. 200 

Three brick specimens sealed by three different individuals with Epoxy II were tested. To isolate the 201 

impact of application methods, procedures other than resin application were performed by a single 202 

operator in the same laboratory. A comparison of the test results is shown in Fig. 8, alongside the 203 

amount of application by each individual. The normalized values of A regarding those of the same 204 

specimen sealed with plastic wrap are shown, similarly with the results reported in the previous section. 205 

The findings revealed that A decreased compared with that of the wrap-sealed specimens, regardless 206 

of the individual sealing the specimen. Furthermore, A values tended to be smaller with larger 207 

application amounts.  208 

 209 

[Insert Figure 8] 210 

 211 

A similar decrease in A was observed when the area close to the bottom of the specimen was left 212 

uncovered, as shown in the top 90 mm sealing case in Fig. 4 (a). This suggests that multidimensional 213 

water inflow is not the primary factor contributing to the differences in test results resulting from 214 

resin use.  215 

Based on the Lucas–Washburn equation (Washburn, 1921), the penetration depth h (m) of a liquid 216 

owing to capillary forces depends on the pore radius r (m), and liquid viscosity η (Pa·s), as follows: 217 

 218 

 ( )cos 2h r tσ θ η= , (2) 219 

 220 

where σ and θ denote the surface tension (N/m) and contact angle, respectively. Initial penetration 221 

rates of resins (i.e., with sufficient amount of resin to penetrate before consolidation) can be estimated 222 

using Equation (2). The peak pore radii for the employed brick, calcium silicate board, and AAC were 223 

4.27, 0.26, and 0.03 µm1, respectively, as shown in Fig. 1. Based on these values, resin penetration is 224 

expected to have a significant impact on brick owing to its larger pore size. Additionally, Epoxy I is 225 

anticipated to penetrate the specimen more easily and prevent water absorption more significantly 226 

 
1 AAC has two peak pore sizes. In this study, the peak radius of the finer pores is considered because 

large aerated pores are inefficient for capillary uptake. 



compared with Epoxy II, given its low viscosity and longer curing time. This aligns with the findings 227 

from experiments involving brick, indicating that resin penetration is the primary source of 228 

measurement errors.  229 

For the calcium silicate board, the acrylic-modified silicone resin reduced the water absorption 230 

coefficients more significantly compared with epoxy resins. This suggests that the impacts of resin 231 

application on different building materials are influenced by viscosity and curing time, typically 232 

provided by manufacturers, and by the components of the resins. Further knowledge should be 233 

acquired regarding the influence of resin application on building materials based on their combinations. 234 

 235 

4.2. Capillary rise through the gap between the specimen and sealing material 236 

We observed that materials demonstrated faster water absorption when sealed with aluminum tape 237 

compared with other sealing materials. The cross-section of an AAC specimen after 3.6 h of water 238 

absorption is shown in Fig. 9. Absorption occurred more rapidly near the side surfaces, as indicated 239 

by the dotted rectangles, compared with the middle of the specimen. This phenomenon is expected to 240 

contribute to the swift water absorption of tape-sealed specimens. One possible explanation for this 241 

observation is the limited contact area between the specimen and tape owing to the high porosity, 242 

resulting in low adhesive strength and capillary action through the gap between them. Furthermore, 243 

the slow water absorption rate of AAC compared with the other materials may accentuate the relatively 244 

rapid absorption caused by such phenomena. Given that no other possible mechanism is likely to 245 

increase absorption rates in aluminum tape cases, brick and calcium silicate board are also expected 246 

to be affected by this phenomenon. Consequently, the impact of the tape on water absorption is 247 

anticipated to vary based on the characteristics of the tape and material, and application method 248 

employed (such as adhesive strength, pore structure, and surface treatment techniques). When 249 

utilizing adhesive tape to seal a specimen with its base in contact with water, careful consideration 250 

of these factors is essential. 251 

 252 

[Insert Figure 9] 253 

 254 

4.3. Multidimensional water inflow and air entrapment 255 

The variations in water absorption between specimens sealed with plastic wrap and aluminum tape 256 

were found to be small for both brick and calcium silicate board. This suggests that two potential 257 

sources of error do not have a significant impact on the water absorption of these materials: 258 

multidimensional water inflow near the water surface when a non-adhesive sealing material is used on 259 

a specimen and air entrapment caused by air-impermeable side sealing.  260 

To gain a deeper understanding of the effects of multidimensional water inflow, three-dimensional 261 

calculations of water transfer within materials were conducted. The calculation conditions were 262 



designed to replicate the water absorption tests performed on the three building materials conducted 263 

in this study. A portion of the side surfaces near the bottom were assumed to be left uncovered with a 264 

sealing material and immersed in water. The calculation methods are summarized in the appendix.  265 

The calculated evolutions of the mass of absorbed water as a function of the square root of the 266 

elapsed time are shown in Fig. 10. Water absorption processes were compared for different depths of 267 

water immersion. The results revealed that materials immersed deeper in water absorbed water more 268 

rapidly during the initial stages of absorption. However, as time progressed, the mass of absorbed 269 

water increased almost linearly with the square root of the elapsed time until the material reached 270 

capillary saturation. Furthermore, the water absorption coefficients A were determined from the slope 271 

of the graph during the middle stage of absorption (> 10 s1/2 and < 30 s1/2 for brick, > 10 s1/2 and < 40 272 

s1/2 for calcium silicate board, and > 50 s1/2 and < 150 s1/2 for AAC). The deviation in A resulting from 273 

absorption from the unsealed part of the side surfaces was less than 1% when the material was 274 

immersed in water up to 10 mm from its bottom. Therefore, with proper data processing procedures 275 

(such as excluding data of the initial stage of absorption, which was found to be relatively sensitive to 276 

the depth of immersion), the impact of multidimensional water inflow near the bottom surface was 277 

considered small. 278 

 279 

[Insert Figure 10] 280 

 281 

5. Limitations  282 
In this study, we utilized non-adhesive wrap, aluminum tape, and resins to seal the specimens. Other 283 

sealing methods, such as paraffin, wax, and paint (Feng, et al., 2017; Huang, et al., 2022; Roels, et al., 284 

2010; Zelinka, et al., 2016) should be examined in future studies. Additionally, the experiments 285 

conducted in this study did not reveal any significant impacts of air entrapment from non-air-286 

permeable sealing materials on the results of the water absorption tests. However, further analysis is 287 

needed for materials with lower air permeability. 288 

Finally, the experimental results indicate a decrease in the water absorption of the brick when the 289 

sides were fully or partially sealed with tape, as shown in Fig. 4 (a). While this decrease may be 290 

deemed acceptable in practical measurements (7% of the water absorption coefficient), the exact 291 

cause remains unclear. This observation was probably caused by the cumulative effects of various 292 

factors, including multidimensional water inflow near the base and air entrapment. Furthermore, 293 

factors, such as the inhomogeneity of water transport in surface layers (Gummerson et al., 1971; Hall, 294 

2007) and hydrostatic pressure exerted on material surfaces beneath the water surface, which were not 295 

considered in the calculations, could also impact water absorption.  296 

 297 



6. Conclusion 298 
Sealing methods are considered potential error sources in water absorption tests, which are essential 299 

for evaluating the liquid transport performance of porous building materials. This study investigated 300 

the impacts of various sealing methods (such as plastic wrap, adhesive tape, and resins) on the results 301 

of water absorption tests conducted on three common building materials. The study compares the 302 

effects of the potential error factors caused by various combinations of sealing methods and building 303 

materials. The key findings are as follows:  304 

 The penetration of the resin into a specimen can cause significant deviations in both the water 305 

absorption coefficients and capillary water content. Materials with large pore sizes, such as bricks, 306 

were particularly sensitive to resin penetration. The characteristics of the resin (components, 307 

viscosity, and curing time), as well as the expertise of the personnel who conducted the 308 

application, also influenced the test results. 309 

 The use of adhesive tape could result in capillary uptake through the gap between the specimen 310 

and tape. The significance of excess absorption was likely influenced by the adhesive strength 311 

and transport properties of the material, necessitating further clarification on acceptable 312 

combinations. 313 

 Compared with the aforementioned factors, the multidimensional water inflow near the water 314 

surface and air entrapment caused by the air-impermeable sealing had relatively minor effects on 315 

the water absorption of the materials employed in this study.  316 

These findings suggest that the utilization of plastic wrap or tape is the most secure method of 317 

sealing among those examined, provided these sealing materials do not come into contact with the 318 

water surface, as this could lead to capillary rise through the gap between the specimen and sealing 319 

material. Understanding these findings will aid in making informed decisions regarding sealing 320 

methods and analyzing the factors contributing to errors in measuring hygric properties across 321 

different laboratories or individuals. 322 

 323 

Appendix. 324 
Methods of three-dimensional water transfer calculations to examine the effects of 325 

multidimensional water inflow near the bottom surface 326 

The three-dimensional water diffusion in the material was calculated as follows: 327 

 328 

 ( )w
w D w
t

∂
= ∇ ⋅ ∇

∂
, (A1) 329 

 330 

where Dw represents the water diffusivity (m2/s), t represents time (s), and w represents the water 331 

content (kg/m3). 332 



The schematic of the calculation model is shown in Fig. A1, whereas a summary of the water 333 

content values utilized for the initial and boundary conditions of the calculations is presented in Table 334 

A1. These calculations were based on water absorption tests conducted on three different materials 335 

in this study. The material dimensions were assumed to be 40 mm × 60 mm at the base and 100 mm 336 

in height, with calculations performed on a quarter of the material volume accounting for symmetric 337 

dimensions.  338 

 339 

[Insert Figure A1] 340 

 341 

Table A1. Water content values utilized as the initial and boundary conditions of the calculations 342 

(derived from the data in a previous study (Feng & Janssen, 2021)). 343 

 Brick Calcium silicate 

board  

Autoclaved 

aerated concrete 

Initial water content in the material 

(equilibrating with air at 50% relative humidity) 

0.49 3.83 9.17 

Water content at capillary saturation 209.6 755.8 313.4 

 344 

The material was expected to absorb water from its bottom surface, leading to saturation of the 345 

bottom surface with the water content values corresponding to capillary saturation, as listed in Table 346 

1. The side surfaces near the bottom were left unsealed and immersed in water to replicate 347 

multidimensional water inflow, with water content also set to capillary saturation levels. Various 348 

calculations were performed with different heights (0, 5, 10, and 30 mm) in this area to assess the 349 

impact of water immersion depth on absorption. The water flux through the other areas on the side 350 

surfaces was set to 0, as these areas were sealed with moisture-impermeable materials. The water flux 351 

at the top surface was set to zero to simplify the calculations. 352 

The material was initially assumed to equilibrate with air at 50% relative humidity. Water content 353 

values, as shown in Table A1, were obtained from the database (Feng & Janssen, 2021) and 354 

homogeneously distributed throughout the material. Water diffusivity values for the three materials 355 

were also sourced from (Feng & Janssen, 2021) and are shown in Fig. A2.  356 

 357 

[Insert Figure A2] 358 

 359 

Equation (A1) was discretized using the finite difference method, with central and forward 360 

differences employed for space and time, respectively. The time and space steps were set to 0.005 s 361 

and 0.001 m, respectively. 362 

  363 
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Figure legends 436 

 437 

Fig. 1. Pore volume distribution of the three materials utilized (Fukui & Takada, 2024).  438 

Fig. 2. Schematics of the sealing methods and covered areas in the water absorption tests. 439 

Fig. 3. Examples of results of water absorption tests using brick and calcium silicate board (wrap-440 

sealed specimens). 441 

Fig. 4. Water absorption coefficients of (a) brick and (b) calcium silicate board specimens relative to 442 

those of plastic wrap-sealed specimens. 443 

Fig. 5. Water contents of tape- or resin-sealed brick specimens at capillary saturation relative to those 444 

of plastic wrap-sealed specimens. 445 

Fig. 6. Typical results of water absorption test using wrap-, tape-, Epoxy I-, Epoxy-II sealed autoclaved 446 

aerated concrete. 447 

Fig. 7. Water absorption coefficients of autoclaved aerated concrete specimens determined based on 448 

the methods in (Hall & Tse, 1986). 449 

Fig. 8. Comparison of the impacts of resin penetration on water absorption coefficients and amount of 450 

application based on the individuals applying the resin. 451 

Fig. 9. Cross-section of an autoclaved aerated concrete specimen during water absorption. 452 

Fig. 10. Results of the three-dimensional calculations of water transfer in (a) brick, (b) calcium silicate 453 

board, and (c) autoclaved aerated concrete, considering multidimensional water inflow from the 454 

unsealed area near the bottom surface. 455 

Fig. A1. Schematic of the calculation model. 456 

Fig. A2. Water diffusivity Dw (m2/s) employed in the calculations (sourced from (Feng & Janssen, 457 

2021)). 458 
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