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The failure of waterproofing in residential buildings in Malaysia has become a serious problem 

that may result in structural damage and unsafe conditions. Thus, investigation into the factors 

that contribute to the failure of waterproofing is essential in reducing failure rates. This study 

was conducted to analyse failed waterproofing in comparison to successful waterproofing 

through evaluation of chemical and thermal properties using optical microscopy (OM), Fourier-

transform infrared (FTIR) spectroscopy, thermogravimetric analysis (TGA), and differential 

scanning calorimetry (DSC). Two types of samples were studied, namely fibre-reinforced liquid-

applied waterproofing and liquid-applied waterproofing. These waterproofing samples were 

extracted from two different locations (i.e., at non-leaking and leaking areas). FTIR results 

revealed that both the leaking and non-leaking fibre-reinforced liquid-applied waterproofing 

samples exhibited similar absorption bands but had slightly different absorption intensities. The 

decomposition temperatures, Td, were 397 °C (non-leaking sample) and 422 °C (leaking sample), 

while the glass transition temperatures, Tg, were 13 °C (non-leaking sample) and 9 °C (non-

leaking sample). For the liquid-applied waterproofing samples, the FTIR absorbance spectrum 

of the leaking sample was different from that of the non-leaking sample. The waterproofing 

thickness values were 912  40 m (non-leaking sample) and 130  40 m (leaking sample), Tg 

values were 35 °C (non-leaking sample) and 52 °C (non-leaking sample), while the thermal 

decomposition of the leaking sample was significantly different from that of the non-leaking 

sample. Based on this data, inconsistencies in the quality of the waterproofing and improper 

installation techniques may have caused the failure. This study contributes physicochemical and 

thermal characterization techniques to the failure analysis of polymer-based waterproofing 

materials, offering guidance for waterproofing industry players towards enhancement of quality 

control processes and adherence to guidelines and standards. 
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There are three main types of waterproofing,  

namely liquid waterproofing membranes, sheet-

based waterproofing membranes, and cementitious 

waterproofing [1]. A liquid waterproofing membrane 

is applied through spraying, trowelling, rolling and 

brushing techniques, and allowed to set and form a 

membrane. It has the advantage of being seamless and 

easy to apply, which can minimize leakage through 

joints due to complicated detailing [1]. The sheet-

based waterproofing membrane is made of either 

bitumen, thermoplastic polymers, thermosets, or  

rubber. It is usually applied by heat and often modified 

and bonded to a high-strength fabric, of polyester or 

fibreglass. This has better mechanical properties to 

protect against any stress caused by the normal 

structural expansion and contraction of a building. 

Lastly, cementitious waterproofing is a cement-based 

polymer coating that is often combined with acrylic 

latex as a binder to improve durability and cohesion, 

as well as tensile and flexural strength. 

 

Tropical environments with high temperatures 

and intermittent rainfall [2] have made waterproofing 

crucial in buildings. Due to exposure to rain, UV 
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radiation, wind, and air pollution, buildings in tropical 

regions are prone to faster deterioration [3]. Water 

seepage is one of the main contributors to major 

defects and structural damage found in high-rise 

buildings [1, 4] and it accounts for 75 – 80 % of 

structural faults in buildings [5]. Water can get into 

a building structure through several mechanisms, 

namely natural gravitation, hydrostatic pressure, air 

currents, and surface tension [4]. It can enter a 

building through cracks, openings in the walls and 

roof, expansion joints, and porous surfaces [6]. Hence, 

exposed areas must be waterproofed to curb the 

seepage of water. 

 

However, waterproofing frequently fails after 

several years of service, causing structural damage, 

water leakage, and unsafe conditions for the inhabitants 

of the building. Waterproofing failures may result 

from construction defects [1, 7, 8], material-related 

factors [9–11], and environmental factors [9–11]. Poor 

surface preparation, the presence of moisture, and 

improper detailing are common construction-related 

causes. Material-related failures include adhesion 

issues, reduced flexibility, and premature degradation 

due to poor formulation. Environmental factors include 

UV exposure, extreme temperatures, and humidity. 

While these factors often interact, this study focused 

on material-related failures, specifically the thermal 

and chemical properties of polymer-based waterproofing 

membranes. These material-related failures require 

analytical investigations to determine the underlying 

causes, which may arise from chemical processes 

such as hydrolysis, oxidation, UV exposure, or from 

improper formulation. 

 

Despite the widespread use of polymer-

based waterproofing membranes, studies that have 

systematically examined the material-related failures 

using a combination of thermal and chemical analyses 

[12], particularly in real-world building environments, 

are limited. Consequently, few solutions for failure 

prevention focusing on material-related failures have 

been put forward. Furthermore, the replacement or 

repair of failed waterproofing may be priced up to 

5 – 10 % of the total cost of the project [13]. Hence, 

to avoid the additional expense, wastage of resources 

and time, as well as disastrous incidents, it is necessary 

to investigate the factors that lead to failure of 

waterproofing.  

 

In this work, failure analysis was conducted 

on failed waterproofing membranes installed in  

high-rise residential buildings. The waterproofing 

membranes failed after eight years of service and 

resulted in water leakage on the ceilings and walls. 

After thorough inspection of the building, certain 

locations did not display signs of water leakage. 

Thus, failure analysis of the waterproofing was 

conducted by comparing the properties of the  

material at leaking and non-leaking locations. The 

analysis was conducted using optical microscopy 

(OM), Fourier transform infrared spectroscopy (FTIR), 

thermogravimetric analysis (TGA), and differential 

scanning calorimetry (DSC).  

 

EXPERIMENTAL 

 

Sample Collection 

 

In 2016, two different types of waterproofing were 

installed in a high-rise residential building in Malaysia, 

covering the tennis court and rooftop. The first 

type of waterproofing, a fibre-reinforced liquid-

applied waterproof membrane, was extracted from 

the tennis court. The second type of waterproofing, 

a liquid-applied waterproofing membrane, was 

extracted from the rooftop of the residential building. 

For each type of waterproofing, two samples were 

extracted at non-leaking and leaking locations (with 

visible signs of blistering and leakage), and these were 

labelled as non-leaking and leaking waterproofing 

samples. Figure 1 shows the samples extracted from 

the two locations. The size of each extracted sample 

was about 5 cm  5 cm. 

 

The waterproofing samples were carefully 

extracted from the concrete surface using a flat 

chisel and hammer, without disturbing the original 

morphology of the samples. Upon extraction, the 

samples were transported to the laboratory in sealed 

poly(ethylene) bags to prevent contamination. The 

samples were then cleaned using a soft-bristle brush to 

remove any loose debris, dust and concrete residue 

before being air-dried at 25 °C for 24 hours. All 

samples were stored in a desiccator to prevent further 

environmental degradation or moisture absorption. To 

maintain the integrity of the chemical and thermal 

properties of the samples, the storage duration prior to 

analysis did not exceed two weeks. 

 

Characterization Methods 
 

Optical Microscopy (OM) 
 

The morphology of the samples was examined at 

25 °C using an optical microscope (Soptop CX40M, 

Hong Kong, China) equipped with magnification lens 

of 10 and iSolution Lite 64 software (Easley, USA). 

The thickness of the liquid-applied waterproofing 

membrane was determined by averaging measurements 

taken at nine distinct locations to ensure the accuracy 

of the results. 
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Figure 1. Illustration of samples extracted from two locations (a) non-leaking and leaking fibre-reinforced 

liquid-applied waterproofing membrane samples extracted from the tennis court and (b) non-leaking and  

leaking liquid-applied waterproofing membrane samples extracted from the rooftop. 

 

 

 

The fibre distribution in the fibre-reinforced 

liquid-applied membranes was quantified using ImageJ 

software through image analysis of microstructural 

images. The image was first calibrated using the 

embedded scale bar, converted to 8-bit grayscale, and 

enhanced for contrast. A threshold was applied to 

segment the image into binary regions representing 

the fibres and the matrix, followed by conversion to a 

binary mask. Using the "Analyze Particles" function, 

the areas of fibres and matrix were measured, and 

estimation of fibre content was calculated using 

Equation 1 below: 

 

Fibre content (%) = 
Fibre area

Total image area
×100 (1) 

Fourier Transform Infrared (FTIR) Spectroscopy 

 

FTIR spectra collection was carried out using the 

attenuated total reflectance (ATR) accessory with a 

diamond crystal window on Spectrum Two (Perkin 

Elmer, Waltham, Massachusetts). The spectra were 

recorded in absorbance mode in the range of 600 - 

4000 cm−1 with 16 scans at a resolution of 2 cm−1 

at room temperature (~ 25 °C). Each sample was 

analysed at three different spots to ensure that FTIR 

analysis was based on a representative region of 

the sample. 

 

Quantitative analysis of the oxidation indices 

of the sulfoxide (S=O) group was carried out using 
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an integration method based on the area below the 

absorbance band around 1025 cm-1. The aliphatic 

group (C−H bending) vibrations around 1453 and 

1370 cm-1 were used as a reference due to the stability 

of these structures which are not affected by oxidation 

[14]. The baseline integration for each band was 

conducted using the tangential technique. The 

sulfoxide oxidation index was calculated using 

Equation 2 below: 

 

Sulfoxide index (IS=O) = 
AS=O

AReference
 (2) 

 
where AS=O is the area of the band around 1025 cm-1 

and AReference is the area of the band around 1453 

and 1370 cm-1. 

 
Thermogravimetric Analysis 

 
The thermal stability of each sample was studied using 

a TGA Q500 (TA instrument, Delaware, USA). About 

10 mg were used for a single measurement test and 

heated from 30 to 500 °C in a nitrogen atmosphere at 

a heating rate of 10 °C min−1. The decomposition 

temperature, Td (onset) was estimated from the onset 

decomposition temperature determined from the 

thermogram. The thermal stability and mass change 

of the waterproofing membranes were evaluated 

using thermogravimetric analysis in accordance 

with ASTM E2550-11. 

 

Differential Scanning Calorimetry (DSC) 

 

The thermal properties of each sample was studied 

using a TA Q2000 (TA Instruments, Delaware, USA) 

equipped with RCS90 refrigerator cooling system 

(TA Instruments, Delaware, USA), with nitrogen 

gas purging throughout the experiment. Approximately 

10 mg of sample was used for a single measurement 

test, cooled to −90 °C for 5 min and then heated to 

180 °C at a rate of 10 °C min−1. The glass transition 

temperature, Tg, change in heat capacity, ΔCp, melting 

temperature, Tm and melting enthalpy, ΔHm values 

were determined from the first heating cycle. Tg was 

taken at half of the ΔCp value. ΔCp was estimated 

from the glass transition of the onset and endset of 

the heat flow curve. The Tm value was taken at the 

melting peak maximum. ΔHm was estimated from 

the area corresponding to the melting endotherm. 

The assignment of Tg and ΔHm was conducted 

in accordance with ASTM E1356-08 and ASTM 

D3417-99, respectively. 

 
RESULTS AND DISCUSSION 

 

Analysis of the Fibre-reinforced Liquid-applied 

Waterproofing Membrane 

 

Optical Microscopy 

 

Morphological analysis of the fibre-reinforced liquid-

applied waterproofing membranes, illustrated in 

Figure 2, revealed significant structural differences 

between the leaking and non-leaking samples. The 

leaking sample displayed a predominance of fibrous 

materials with a minimal presence of the waterproofing 

membrane matrix. In contrast, the non-leaking sample 

demonstrated a more balanced integration of fibres 

within the membrane material. This observation 

suggests that the leaking sample had an excessive 

amount of fibre reinforcement and an insufficient 

amount of waterproofing membrane. As a result, the 

fibres were inadequately bonded to the waterproofing 

matrix, leading to increased porosity in the membrane. 

The excessive fibre loadings may have led to poor 

dispersion of the fibres in the polymer matrix,  

resulting in agglomeration of the fibres [15], as can 

be observed in Figure 2(b). This may reduce the 

flexibility of the membrane, making it more prone 

to cracking under stress or substrate movement [16, 

17]. An excessive amount of fibres may also disrupt 

the polymer matrix continuity, which reduces 

adhesion to the substrate and water impermeability 

[16, 17]. This finding aligns with the notion that 

a well-distributed and integrated matrix is critical 

to maintaining the impermeable properties of 

fibre-reinforced liquid-applied waterproofing 

membranes [18, 19]. 
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Non-leaking sample Leaking sample 

 
 

 

Figure 2. Micrographs of the top view of the (a) non-leaking and (b) leaking samples. The scale bar corresponds 

to 500 m. 

 

 

 

Table 1. The estimated fibre content of the fibre-reinforced liquid-applied membrane samples. 

 

Sample Fibre content (%) 

Non-leaking membrane 48.1 

Leaking membrane 75.2 

 

 

 

Estimation of the fibre content in both the 

leaking and non-leaking membrane samples was 

performed using ImageJ software through image 

analysis, as described in the Methods section. The 

leaking membrane contained a significantly higher 

fibre content compared to the non-leaking membrane 

(see Table 1). 

 

Chemical Structure Analysis 

 

FTIR spectroscopy was employed to identify functional 

groups and quantify compounds in fibre-reinforced 

liquid-applied waterproofing membranes, a critical 

step in evaluating their performance and quality 

[20, 21]. Figure 3 presents the FTIR spectra of the 

non-leaking and leaking fibre-reinforced liquid-

applied waterproofing membranes. Both samples 

showed similar absorption bands characteristic 

of bitumen-based materials, consistent with the 

literature [20–22]. These bands are indicative of 

a composition that includes bitumen, polymers, 

reinforcement material (e.g., polyester or fibreglass), 

and additives designed to create a durable and 

water-resistant membrane [23, 24]. The functional 

groups that were present in both samples are listed 

in Table 2. 

 

As shown in Figure 3, the intensities of the 

absorbance bands were different for both samples. 

Absorption intensity is directly proportional to the 

concentration of the absorbing species in the sample 

[25]. The leaking sample showed reduced absorbance 

intensities at 2911 and 2851 cm-1, signifying a lower 

concentration of aliphatic hydrocarbon compounds 

(key components in bitumen and polymers).  

 

From previous reports, oxidative ageing of 

bitumen can be detected by the appearance of carbonyl 

(C=O) groups at 1690 cm-1 and sulfoxide (S=O) 

functional groups at 1030 cm-1 [26–28]. However, 

from Figure 3, there was no observable carbonyl group 

present in the leaking sample. Furthermore, a slightly 

higher intensity sulfoxide absorption band was 

observed in the leaking sample. The degree of 

oxidation indices of the sulfoxide group are listed in 

Table 3. This data suggests that there was minimal 

oxidative degradation of the sulfoxide group in the 

leaking sample. 

 

 

 

 

 

 

 

(b) (a) 
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Figure 3. FTIR spectra of the fibre-reinforced liquid-applied waterproofing membrane samples. 

 

 

 

Table 2. The functional groups present in both the non-leaking and leaking fibre-reinforced liquid-applied 

waterproofing membrane samples. 

 

Wavenumber (cm-1) Functional Groups and Band Characteristics References 

2911 and 2851 C−H stretching vibrations of aliphatic groups [20, 22] 

1453 and 1370 C−H bending vibrations of aliphatic rings [20, 22] 

1025 S=O stretching vibrations [20, 22] 

 

 

 

Table 3. The degree of oxidation indices of the sulfoxide group. 

 

Sample Degree of oxidation 

Non-leaking 1.79 

Leaking 1.82 

 

 

 

Thermal Stability 

 

The thermal stability and mass loss behaviour of 

the non-leaking and leaking samples are presented 

in Figure 4, and the findings are listed in Table 4. 

Both samples exhibited a single thermal degradation 

step, characteristic of fibre-reinforced liquid-applied 

waterproofing membranes [22]. Fibre reinforcement 

sheets are incorporated between polymer layers to 

enhance properties such as flexibility, durability, 

adhesion, and resistance to cracking in the  

waterproofing membranes [29]. 
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The Td (onset) for the non-leaking sample was 

397 °C, while for the leaking sample, it was 422 °C. 

The lower Td (onset) of the non-leaking sample reflects 

the effective interaction between the waterproofing 

material and the fibre reinforcement. Td values at 50 % 

mass loss reported in previous studies were compared 

with the results of this work. Reported values range 

from 432 to 448 °C, which are relatively close to 

the Td of the non-leaking sample (439 °C) [11, 22]. 

The small variation is likely due to differences in 

the formulation of the waterproofing membranes 

compared to those in the reported studies. Conversely, 

the higher Td (onset) of the leaking sample suggests 

the presence of excess fibre reinforcement, which 

increases thermal stability, as observed in similar 

polymer composite studies [30, 31]. This finding 

aligns with the highly fibrous morphology observed 

in the optical microscopy analysis.  

 

At 500 °C, the mass retention of the non-

leaking sample was significantly higher compared to 

that of the leaking sample. This difference indicates 

that the appropriate mixture of bitumen, polymer, 

and fibre reinforcement in the non-leaking sample 

synergistically enhances its thermal stability and 

slows down degradation [32, 33]. Additionally, the 

higher mass retention suggests a more stable and 

durable composition provided by the polymer  

component, which resists thermal degradation [11]. In 

contrast, the leaking sample’s reduced mass retention 

is attributed to insufficient bitumen and polymer 

components, leading to more extensive degradation. 

 

 

 

 
 

Figure 4. TGA thermograms of the fibre-reinforced liquid-applied waterproofing membrane samples. 

 

 

 

Table 4. Thermal properties of the non-leaking and leaking fibre-reinforced liquid-applied waterproofing 

membrane samples. 

 

Sample 
Decomposition 

temperature, Td (°C) 
Mass retained (%) 

Non-leaking sample  397 30 

Leaking sample 422 18 
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Thermal Properties 

 

As depicted in Figure 5, the Tg of the non-leaking 

sample was 13 °C, slightly higher than the leaking 

sample’s Tg of 9 °C. The lower Tg for the leaking 

sample suggests that it transitions to a flexible, 

rubbery state at lower temperatures [34]. As a result, 

the leaking sample may exhibit reduced resistance to 

deformation or cracking, which could exacerbate 

leakage issues under mechanical or environmental 

stress [29]. 

 

The melting endotherms observed at 170 °C 

may be due to the presence of a fibre reinforcement 

component that is a semicrystalline polymer. In Figure 

5, both samples displayed similar Tm values (~170 °C), 

confirming the presence of fibres in both samples. 

However, the leaking sample had a higher ΔHm than 

the non-leaking sample. This indicates a higher energy 

requirement for the transition from solid to liquid 

phase. This is due to the greater proportion of 

crystalline regions, perhaps caused by the larger 

amount of fibres in the leaking sample [35]. 

 

The performance differences are thus largely 

attributed to variations in the amorphous regions 

and the amount of fibre reinforcement, as evidenced 

by the Tg and ΔHm values [30,31]. The data extracted 

from the first heating cycle of the DSC analysis are 

summarized in Table 5. 

 

 

 

 
 

Figure 5. DSC traces of the fibre-reinforced liquid-applied waterproofing membrane samples. 

 

 

 

Table 5. Thermal properties of the non-leaking and leaking fibre-reinforced liquid-applied waterproofing 

membrane samples. 

 

Sample 

Glass transition 

temperature, Tg 

(°C) 

Melting temperature, 

Tm (°C) 

Melting enthalpy, ∆Hm 

(J/g) 

Non-leaking sample  13 171 36.4 

Leaking sample 9 170 62.2 
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Non-leaking sample Leaking sample 

  
 

Figure 6. Micrographs of the cross-sections of the (a) non-leaking and (b) leaking samples. The scale bar 

corresponds to 500 m. 

 

 

 

Table 6. Average thickness values of the liquid-applied waterproofing membrane samples. 

 

Sample Average thickness (m) 

Non-leaking film 912  40 

Leaking film 130  26 

 

 

 

Analysis of the Liquid-applied Waterproofing 

Membrane 

 

Optical Microscopy 

 

The cross-section images of the non-leaking and 

leaking liquid-applied waterproofing membrane 

samples are shown in Figure 6 (a) and (b), respectively. 

The non-leaking sample appeared to be intact and 

uniform, whereas the leaking sample showed signs 

of discontinuity [red arrow in Figure 6 (b)]. The 

average thickness of the leaking sample was lesser 

than that of the non-leaking sample, as shown in 

Table 6. The observed reduced thickness and surface 

discontinuity indicates that the coating could  

potentially form more microcracks, allowing water 

to penetrate easily. 

 

Chemical Structure Analysis 

 

As presented in Figure 7, both liquid -applied 

waterproofing membranes displayed dissimilar FTIR 

spectra. The absence of absorbance bands at 2916 

and 2845 cm-1, which correspond to the symmetric 

and asymmetric stretching vibrations of C−H bonds 

in alkyl or methylene groups, indicates either  

degradation or removal of the hydrophobic chains. 

This is further supported by the reduction in the 

absorption intensity at 1423 cm-1 associated with 

C−H bending vibrations in alkanes. The reduced 

absorption intensity at 1020 cm -1 indicates changes 

in chemical additives or a loss of stabilizing agents 

that could affect the membrane’s waterproofing 

efficacy. Additionally, a broad absorption band  

that appeared at 3330 cm-1 indicates water that was 

absorbed by the failed waterproofing in the leaking 

sample. This broad O−H band indicates possible 

hydrolytic degradation. Water ingress into the  

waterproofing membranes can accelerate degradation 

through hydrolysis of susceptible chemical bonds, 

leading to polymer chain scission [36]. Over time, 

this reaction may cause embrittlement, reduced  

flexibility and microcrack formation, which compromise 

waterproofing integrity [36, 37]. 

 

 

 

 

 

 

 

 

Cement screed 

Waterproofing 

membrane 

Cement screed Cement screed 

(b) (a) 

Waterproofing 

membrane 
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Figure 7. FTIR spectra of the liquid-applied waterproofing membrane samples. 
 

 

 

Table 7. Functional groups in the non-leaking and leaking liquid-applied waterproofing membrane samples. 
 

Non-leaking Sample 

Wavenumber (cm-1) Functional Groups and Band Characteristics References 

2916 and 2845 C−H stretching vibrations of aliphatic groups [1, 12] 

1423 C−H bending vibrations of aliphatic rings [1, 12] 

1020 S=O stretching vibrations [1, 12] 

873 = C−H out of plane [1, 13] 

Leaking Sample 

Wavenumber (cm-1) Functional Groups and Band Characteristics References 

3330 O−H stretching  

1423 C−H bending vibrations of aliphatic rings [1, 12] 

873 = C−H out of plane [1, 13] 

 

 

 

Thermal Stability 

 

The TGA thermograms presented in Figure 8 reveal 

differing weight loss behaviour between the non-

leaking and leaking liquid-applied waterproofing 

membrane samples, reflecting differences in their 

chemical composition and degradation mechanisms. 

For both samples, the initial weight loss occurred 

around 100 °C, which corresponds to the evaporation 

of moisture and the release of hydration water. This 

observation is consistent with the presence of water 

absorption bands identified in the FTIR spectrum at 

3330 cm-1. The membranes may absorb and retain 

some amount of water. 

 

After the initial weight loss, the non-leaking 

membrane exhibited a single-stage weight loss 

beginning at approximately 250 °C and extending to 

500 °C. Previous studies have also reported a single-

stage weight loss in bitumen-polymer membranes 

occurring between approximately 250 °C and 500 °C, 

with a maximum degradation temperature observed 

around 400 – 450 °C [38–40]. This implies that the 

non-leaking membrane in this study contained enough 

bitumen and polymer for effective waterproofing. 

Moreover, the 26 % weight loss corresponds to the 

thermal decomposition of its waterproofing components, 

which include a mixture of bitumen, polymer, and 

various additives.  
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In contrast, the leaking sample showed a 

smaller, additional weight loss stage between 200 °C 

and 300 °C, followed by another minimal weight 

loss from 300 °C to 500 °C. The presence of an 

intermediate weight loss stage suggests the possible 

breakdown of poorly integrated or unstable components 

in the formulation. Furthermore, the absence of any 

major weight loss between 300 °C and 500 °C in 

the leaking sample indicates the absence or a 

minimal amount of a mixture of bitumen, polymer 

and additives. 

 

Thermal Properties 

 

Analysis of the liquid-applied waterproofing membrane 

samples by DSC revealed that both samples lacked a 

melting temperature (Tm), as shown in Figure 9. This 

absence confirms their amorphous nature [41–43]. 

Unlike crystalline materials that exhibit a sharp 

melting point [44–47], amorphous polymers transition 

more gradually, allowing them to maintain flexibility 

and resist crystallization [48], which are the key 

features for waterproofing applications. 

 

 

    
 

Figure 8. TGA thermograms of the (a) non-leaking and (b) leaking liquid-applied waterproofing membrane 

samples. 

 

 

 

 
 

Figure 9. DSC traces of the liquid-applied waterproofing membrane samples. 
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Table 8. Thermal properties of the non-leaking and leaking liquid-applied waterproofing membrane samples. 

 

Sample 

Glass transition 

temperature, Tg 

(°C) 

Change of Heat 

Capacity, ∆Cp (J/g 

°C) 

Melting 

temperature, Tm 

(°C) 

Melting 

enthalpy, ∆Hm 

(J/g) 

Non-leaking sample 35 0.73 - - 

Leaking sample 52 1.07 - - 

 

 

 

A significant difference was observed in the Tg 

values of the two samples. The leaking sample had a 

Tg of 52 °C, notably higher than that of the non-leaking 

sample, which was 35 °C. This discrepancy indicates 

that the thermal properties of the leaking membrane 

had deviated from its intended composition, likely due 

to aging or material degradation. Furthermore, the 

leaking sample exhibited a larger ΔCp value compared 

to the non-leaking sample. This suggests enhanced 

chain mobility or compositional changes in the 

material [34, 49]. The data obtained from the first 

heating cycle of the DSC analysis are summarized in 

Table 8 and reinforce the finding that the leaking 

membrane had undergone significant physical or 

chemical changes. 

 

CONCLUSION 

 

Analysis of both the fibre-reinforced liquid-applied 

waterproofing membrane and liquid-applied 

waterproofing membrane samples showed that the 

bitumen and polymer content was minimal in the 

leaking samples. This resulted in lower thermal 

stability, which reduced their ability to resist  

deformation or cracking. The reduced proportion 

of bitumen and polymer increases the amount of 

the fibre reinforcement, which does not contribute 

to water resistance as effectively as the bitumen-

polymer blend. 

 

In the case of the liquid-applied waterproofing 

membrane samples, the minimal amount or absence of 

bitumen and polymer further altered their thermal 

behaviour and caused them to exhibit different 

functional groups. The lower thickness of the leaking 

sample in comparison to the non-leaking one suggests 

issues with the application process, such as improper 

installation technique or formulation. These factors, 

combined with altered structural integrity, are major 

contributors to the gradual failure of the membranes. 

 

There are several standards related to 

waterproofing materials. For instance, ASTM 

C836/C836M-18 and Singapore SS 374:1994(2023) 

describe the performance requirements and test  

methods for membranes used in waterproofing. ASTM 

D146-03 covers the sampling and examination of 

bitumen-saturated felts and fabrics for waterproofing,  

while ASTM C1305/C1305M outlines the procedure 

for determining the ability of a waterproofing 

compound to bridge a crack. Nevertheless, further 

improvements are recommended to reduce the risk of 

failure of waterproofing, as follows: 

 

1. Continuous quality checks should be performed 

by manufacturers during material production 

to avoid inconsistencies and defects. Material 

certification should be conducted by an  

independent third-party to ensure the materials 

meet required specifications. Standards should 

be established to prevent performance variance 

in the waterproofing industry. 

 

2. Mandatory training and certification from 

accredited institutions must be a prerequisite 

for site workers. These requirements should be 

included in tender and contract documents, 

stating clearly that only trained and certified 

workers are allowed to install waterproofing.  

 

This study focused primarily on the thermal 

and chemical characteristics of failed waterproofing 

membranes, as mechanical performance tests such as 

tensile strength, crack bridging and peel adhesion 

were not conducted due to insufficient sample sizes. 

Moreover, the analysis was based on samples obtained 

from specific sites, which may not represent all types 

of waterproofing systems, materials or environmental 

conditions. For future studies, we recommend 

collecting a larger number of samples from different 

buildings and environments, performing mechanical 

testing, and applying accelerated aging methods, such 

as UV exposure, to better understand the performance 

of waterproofing membranes. 
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