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Abstract: When a deleterious agent like chlorides enters the concrete through the water as a medium,
it hampers the durability aspect of the reinforced concrete, leading to reinforcement corrosion.
Waterproofing is an essential yet neglected aspect of building construction, as it restricts the ingress of
water which aids the corrosion process. The concrete cover of the reinforcement also protects it from
corrosion. Increasing the cover thickness increases the resistance of concrete by elongating the time
for aggressive agents (chloride and carbon dioxide) to penetrate deeper into the concrete and reach the
reinforcement level, but it cannot be increased much due to constraints in thickness and moment
resisting capacity of slab. Only a few articles have mentioned the studies about the combined effect of
waterproofing methods and concrete cover to increase the service life aspect of the slab. This research
deals with chloride-induced corrosion and its effect on the service life of the slab. It compares the service
life of slabs with different waterproofing (Liquid, Membrane and Integral) varying the cover thickness.
Concrete specimens with various waterproofing systems were exposed to the chloride environment, and
chloride profiles across the specimen depth were obtained to calculate the apparent chloride diffusion
coefficient; this parameter was used as an input in the Life 365 tool to calculate the service life of the
slab. Liquid waterproofing was found to be the most effective waterproofing, followed by a membrane
and integral waterproofing. Proper waterproofing with adequate cover needs to be provided to get
maximum service life of slab.
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1. Introduction

Premature ageing is one of the greatest threats observed in modern-day construction. The deterioration
observed in concrete structures due to premature ageing should be repaired, retrofitted, rehabilitated or
restabilized in its initial phase; otherwise, the deterioration leads to progressive failure from cracking,
delamination and spalling of concrete. Re-engineering a deteriorated structure is more complex and
dynamic than designing a new structure. Therefore, the durability aspect should be considered seriously
in the construction industry. Theoretically, a concrete structure that is firmly constituted, compacted, and
cured is assumed to be watertight and impermeable. Thus, impermeability of cover concrete is the first
line of defence to inhibit the degradation of concrete and make the concrete serve till design life
[Chalamaria, Thulasirajan (1)]. There are capillary pores and microcracks on the concrete, which get
interconnected with the ageing of the structure. The formation of microcracks gets actuated while loading
the concrete structures. Further, these actuated microcracks lead to interconnected cracks forming
pathways that provide access to moisture and aggressive agents to enter the inner core and
reinforcements [Xue, Li et al.(2)]. The presence of aggressive agents with moisture alters the durability
aspect resulting in the reduction of strength, integrity, and service life of the concrete. It is a well-known
fact that water is essential for the hydration and gain of strength of concrete during the period of curing
time. After the required strength is achieved and curing is over, the further impregnation of water into
the concrete through the interconnected cracks harms the durability aspect of concrete. So, the concrete
needs to be watertight to avoid deterioration; hence, waterproofing concepts were developed to make
the concrete effectively watertight. There are different ways to make a concrete slab watertight. Mud
phuska [Bureau of Indian Standards (3)], Brick bat coba are the conventional methods used in India.
Membrane waterproofing consists of a layer of watertight material that prevents water penetration in
substrate concrete. Bituminous sheets, rubber sheets [British Standards Institution (4)], APP (Atactic
Polypropylene Polymeric membrane) [ASTM International (5)] are a few methods of membrane
waterproofing. In a slab with irregular geometry and numerous joints laying of membrane over substrate
concrete is complex. Liquid waterproofing is used to avoid water penetration in substrate concrete.
Similarly, integral waterproofing densifies concrete or makes concrete water-repellent to make it
watertight [Bureau of Indian Standards (6)] Micro silica, volcanic ash, and slag can be used for integral
waterproofing. Micro silica contains pozzolanic and cementitious properties, which help provide a
greater volume of hydration product and decrease the size of the pores. Micro silica particles are smaller
in size (100 times smaller than cement particles) and have low permeability; it is fit to use as an integral
waterproofing material [Sharma, Khatri et al. (7)] The service life of a structure is a period for which the
structure or any part of it satisfies or exceeds the requirement for its intended purpose. Corrosion



initiation period is considered as end of service life for this research. Various mechanisms caused
premature deterioration of the structure, reducing the service life. The deterioration method for this
research is chloride-induced corrosion. The reasons for chloride ingress in the concrete can be attributed
to the use of inappropriate building and construction materials like sea sand, chloride-contaminated
ground water, penetration from a chloride-rich environment, and penetration from deicing salts
[Feng, Tarakbay et al. (8)]. The product of corrosion occupies a greater volume than the iron consumed
which leads to the internal expansion stress. The pushing of concrete towards the cover is easier than
pushing it towards the core. When the internal expansion stress is greater than the concrete strength
cracking and spalling the concrete cover takes place, further exposing the bare reinforcement. Corrosion
reduces the cross-section of concrete and reinforcement, resulting in the deduction of strength, ductility,
and service life of the structure. Corrosion is an electrochemical process, and pore water and moisture
present in concrete act like an electrolyte to complete the cell. Therefore, waterproofing of the structure
is a must to prevent corrosion on the exposed concrete surface.

1.1 Objectives and significance

The primary objectives of this research are to compare the service life of the waterproofed and exposed
concrete slab using the Life 365 tool and to find out the service life of concrete slab covered with liquid
(epoxy UV) waterproofing, membrane (Acrylic Polypropylene (APP) sheets) waterproofing, and integral
(15% micro-silica) waterproofing methods varying the reinforcement depth.

Various standards and works of literature deal with waterproofing methods and their advantages and
disadvantages, but only a few link it with durability and service life. Similarly, many research works are
available regarding pozzolanic materials use for increasing concrete strength of concrete, but only a few
articles have explored the durability enhancement property of pozzolanic materials. This study links
waterproofing material and pozzolanic materials with durability and service life aspects.

2. Experimental Procedure

Four samples of cylinders were cast. The initial chloride content of each sample was calculated by the
Volhard titration method [Nordtest (9)]. All the faces of the samples were sealed with epoxy sealant
except an exposed face. Different waterproofing techniques were applied to make the substrate
concrete watertight in the exposed face. The concrete cylinders with four different waterproofing
conditions (non-waterproofed, epoxy UV waterproofing, APP sheets, and 15% micro silica in the
concrete matrix) are designated as A, B, C, and D, respectively. Epoxy UV represents a liquid
waterproofing material. APP sheet is membrane waterproofing material, and casting concrete using 15%
micro silica is a way of integral waterproofing. The specimens were exposed to chloride environment,
and chloride concentration at various depths was obtained after a specific time. The obtained results in
the cylinder specimens were used to estimate the service life of the slab by the Life 365 tool varying
concrete cover.

2.1 Materials required

The concrete cylinders were mix-designed to achieve cube strength of 25 MPa at 28 days. They were
cast as per standard IS 10262-2019 [Bureau of Indian standards (10)]. The concrete specimens of
samples A, B, and C were of the same cast, whereas the concrete specimens of the sample D were
mix-designed with 15 % micro silica. The properties of the construction material used in the concrete
casting are noted in Table 1.

Table 1. Details of construction material
Construction material

Cement Coarse aggregate Fine aggregate Micro silica
Soesification OPC 43 [Bureau of Sﬁ]%ngs[tBal:]'::rlé:f Grade 2 [Bureau of | [Bureau of Indian
P Indian Standards (11)] (12)] Indian Standards (12)] Standards (13)]
Specific gravity 3.15 2.7 2.65 2.2

Two samples of cubes were cast (one for samples A, B, C, and another for sample D) to ensure that the
cylinders gained targeted compressive strength. Further, experiments were carried out after 28 days
when the cubes satisfied the compressive strength acceptance criteria of the code [Bureau of Indian
standards (10)]. The specification of the mix design and details of the number of samples cast are shown
in Table 2.

Table 2. Sample specifications for A, B, C, and D

Design Specification Size and number of specimens
Air Number of Diameter of Height of Number of .
Slump . - o . Length of cubical
Entrapped cylinder cylindrical cylindrical cubical .
o (mm) . ) > - specimens (mm)
(%) specimens specimens (mm) specimens (mm) specimens
3A+38+3C+ A, B, C D
1 100 30 100 200 3ABC+3 150




2.2 Finding initial chloride content

The initial chloride content in concrete was found as per code NT Build 208 using the Volhard titration
method [Nordtest (9)]. The concrete cylinders were cut such that the concrete sample with a thickness
of 20 mm (20 mm strip) was extracted from the concrete cylinder at 100 mm depth from the top surface
(Figure 1) and grinded to powdered form. The powdered concrete form (5 gm) was mixed with an excess
amount of silver nitrate ((AgNO3), 0.1N), which led to the formation of silver chloride (AgCl) (eqg. 1). The
excess silver nitrate present in the solution was titrated using ammonium thiocyanate solution
((NH4SCN), 0.1 N) to estimate the amount of free silver in the solution (eq. 2). The saturated ammonium
ferric-sulfate solution ((NH4Fe (SO,)2 x 12 H,0), 400 gm/lit) was added to the solution to facilitate the
color change marked by the formation of the red iron complex (FeSCNZ2*) in the reaction (eq. 3), as
shown in Figure 1. The amount of thiocyanate required to observe the colour change in the solution was
noted; therefore, the excess amount of silver ions present in the solution was estimated. The amount of
silver nitrate added and silver precipitated as silver chloride was known; hence the chloride
concentration in the concrete sample is estimated.

Ag* + Cl-= AgCl (s) (1)
Ag*+ SCN- = AgSCN (s) (2)
Fe3* + SCN- = FeSCN2* (3)
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Figure 1. Cylindrical test specimen Figure 2. Heating APP sheets to apply over
exposed face of sample C specimen

2.3 Preparation of test specimen for chloride exposure

After finding the initial chloride content, all the faces of the test specimen (top 100mm of the cylinder)
were sealed with 15mm (3 layers each of 5mm) thick layer of epoxy adhesives except the exposure face
of the concrete cylinder. Next layer of epoxy adhesive was applied after the initial layer was hard and
dry. The sample preparation process was done as per code ASTM C-1556 [ASTM International (14)].
The initial mass of the test specimen was taken after the epoxy sealant was dry and hard. Then, these
test specimens were immersed in saturated calcium hydroxide (Ca(OH)2, 3gm/lit) until the change in
mass of the test specimen was less than 0.1% in 24 hours. Fulfilling the above-mentioned compliance,
sample B and C exposed face was applied with liquid epoxy UV of thickness about 5mm and APP
sheets of thickness 3mm (Figure 2.), respectively.

2.4 Exposure condition and estimation of chloride concentration at various depths
of specimens
All the cylinder samples were immersed in the container with an aqueous NaCl solution with a
concentration of 165gm per litre. Sample A, B and C were immersed for 35 days while sample D was
immersed for 40 days [ASTM International (14)] because the exposure time is more for concrete
containing supplementary cementitious material. After the exposure duration was completed, the
membrane and liquid waterproofing layer of sample B and C were removed. Then the concrete materials
from the specimens were extracted from the face and at few interval as specified in code [ASTM



International (14)] . The extracted materials were grinded to powder form, and the chloride concentration
of the powder was estimated as per NT Build 208 [Nordtest (9)] as shown in Figure 3 and 4 respectively.

Figure 3. Concrete powder sample at Figure 4. Filtering digested concrete samples
different depths for chloride profiling to further proceed with volhard titration to
determine chloride ion content

2.5 Use of Life 365 to find chloride diffusion coefficient and service life

Life 365 tool was used to estimate the chloride diffusion coefficient and predicts the service of slab
exposed to a chloride environment [Bentz, Thomas (15)]. Input data for the calculation of service life
using Life 365 tool were either obtained experimentally or taken from works of literature. Chloride
concentrations at various depths were given as input data to calculate the apparent chloride diffusion
coefficient (Da) for the test samples. The thickness of reinforced concrete slab (Slab and wall-1D) was
taken as 150mm. The service life was computed for concrete cover of 10mm, 15mm, 20mm and 25mm.
The average monthly temperature of Roorkee, India was considered for the study. The maximum
chloride concentration was taken as 0.6% wt. of concrete. Literature [Alizadeh, Hoseini et al. (16)]have
mentioned five exposure conditions (submerged, tidal, splash, atmospheric, soil) and the surface
chloride concentration at those regions, which ranges from 0.05% wt. of concrete to 0.7% wt. of
concrete. The concentration of chloride required on the surface of reinforcing steel to initiate corrosion
is the chloride threshold. The time taken for chloride concentration to reach the threshold value at the
reinforcement level is called corrosion initiation time. Chloride threshold value depends upon w/c ratio,
curing period, type of reinforcement bar etc. [Glass, Buenfeld (17)]]. Different kinds of literature take
different values of chloride threshold ranging from 0.17% (wt. of cement) [Funahashi (18)] to 1.6%
[Glass, Buenfeld (17)]]. For the research, we are taking a conservative value of 0.2%. Further, the time
taken to reach the maximum surface concentration of chloride was taken as 40 years, assuming the
chloride build-up rate is 0.0015% per year [Shakouri, Trejo (19)] and the value of the diffusion decay
index is taken as 0.2 [Park, Lee et al. (20)] for OPC with w/b ratio 0.49.

3. Results and Discussion

3.1 Compressive strength and Initial chloride concentration results
The compressive strength test was conducted 28 days from the date of casting (Table 5), and further
test procedures were carried out after the compressive test results satisfied the acceptance criteria of
code IS 10262: 2019.

Table 5. Compressive strength test of cubes

Cubes of Weight of Stress (N/mm?2)
SN. Sample Specimen cubes (kg) Individual Average Remark

1 8.23 30.96

1 A B,C 2 8.22 31.75 31.18 0.85Av<Av<1.15Av
3 8.31 30.85
1 8.42 33.74

2 D 2 8.46 31.21 32.10 0.85Av<Av<1.15Av
3 8.38 31.36

The value of the initial chloride content for all samples is shown in Table 6. It is observed that the initial
chloride concentration of test specimens of samples A, B, and C are the similar as the concrete mix of
A, B, and C was cast from the same mix proportion. The initial chloride content in concrete having micro-
silica (Sample D) is slightly less compared to other samples. The chloride concentration estimated from
eq. 4 is represented as % by the weight of concrete. V; (10 ml) and N4 (0.1 N) represent the volume and



normality of silver nitrate solution, respectively, while V, represents the amount of ammonium
thiocyanate solution consumed during the titration and N, (0.1N) represents its normality. M (5gm) is the
mass of grinded concrete powder.

ViN1 - V,N,
Weight of CI- = 3.545 X —u [Nordtest (9)] (4)

Table 6. Initial Chloride concentration of test specimens

S.N Sample V, (ml) Cl- % Chloride % by wt. of concrete
1 A1 9.4 0.043
2 A2 9.3 0.050 0.043
3 A3 9.5 0.035
4 B1 9.4 0.043
5 B2 9.4 0.035 0.043
6 B3 9.4 0.035
7 C1 9.4 0.043
8 c2 9.5 0.043 0.038
9 c3 9.5 0.057
10 D1 9.6 0.028
11 D2 9.6 0.028 0.028
12 D3 9.6 0.028
3.2 Mass change after immersing the specimens in calcium hydroxide and Finding

chloride content at various depths of the test specimens
The weight of the sealed concrete specimens was measured after every 24 hours until the change in
mass was reported less than 0.1%. The procedures were performed as per standard [ASTM
International (14)]. The results are shown in Table 7. It took 48 hours for the mass change in the samples
to be less than 0.1%. The specimen were completely submerged in calcium hydroxide during this
process to ensure carbondioxide present in atmosphere do not affect the specimens.

Table 7. Change in mass of specimen after immersing in calcium hydroxide solution

. . . Initial . .
Initial mass Mass(gm Difference in Mass(gm Difference in
S-N Sample (gm) after 24(?103rs mass (%) Mass(gm) after 48(?103rs mass (%)
after 24 hours

1 A1 1815.5 1818 0.14 1818 1819 0.06
2 A2 1907 1910 0.16 1909.5 1910 0.03
3 A3 1871 1874 0.16 1874 1874 0.00
4 B1 1976 1979 0.15 1979 1980 0.05
5 B2 1923 1925.5 0.13 1925.5 1926 0.03
6 B3 1910.5 1915 0.24 1915 1915 0.00
7 C1 2067 2070.5 0.17 2070.5 2071 0.02
8 Cc2 2028 2031.5 0.17 2031.5 2032.5 0.05
9 C3 1986 1990 0.20 1990 1990 0.00
10 D1 1921.5 1924 0.13 1922.5 1924 0.08
11 D2 1892 1894 0.11 1894 1894 0.00
12 D3 1921 1922.5 0.08 1922.5 1923 0.03

The results after exposing test specimens of samples (A, B, C) and sample D to chloride exposed
environment for 35 and 40 days, respectively, is in Table 8. Figure 5 shows the variation of chloride
concentration with the depth of all the samples.
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Figure 5. Variation of chloride concentration with the depth



The results after exposing test specimens of samples (A, B, C) and sample D to chloride exposed
environment for 35 and 40 days, respectively, is in Table 8..The chloride concentration must be
determined until that depth, where its value matches the initial concentration. Life 365 tool needs
chloride concentration on at least six different depths to calculate the chloride diffusion coefficient. At
some depth, the chloride concentration was found to be lesser than the initial chloride concentration; it
could be because of human error while reading the volume of thiocyanate consumed during titration.
The result showed that the chloride ingress in sample A (slab without waterproofing) reached a longer
depth with a higher concentration compared to other samples. Sample B shows very effective results in
stopping chloride penetration (Figure 5.). The surface of sample D was uncovered, so the chloride
concentration in the initial depth of samples A and D was similar, but the chloride concentration in sample
D decreased at a higher rate along the depth compared to sample A because of integral waterproofing
(micro-silica).

Table 8. Chloride concentration at various depth

S.N Depth (mm) Sample 1 Ve (2ml) 3 Average V, ml) Chloride % per wt. of concrete
1 1 0.1 0.1 0.1 0.100 0.702
2 3 1.6 1.6 1.6 1.600 0.596
3 5 3.1 2.7 2.9 2.900 0.503
4 8 A 4.3 4.7 4.2 4.400 0.397
5 12 5.9 5.7 5.7 5.770 0.300
6 16 6.9 74 7.2 7.170 0.201
7 20 8.5 8.7 8.6 8.600 0.099
8 25 9.4 9.4 9.4 9.400 0.043
9 1 9.3 9.2 9.2 9.233 0.054
10 3 9.2 9.3 9.2 9.233 0.054
11 5 9.5 9.5 9.3 9.433 0.040
12 8 B 9.4 9.4 9.5 9.467 0.038
13 12 9.5 9.5 9.3 9.433 0.040
14 16 9.5 9.5 9.4 9.467 0.038
15 20 9.6 9.5 9.3 9.467 0.038
16 25 9.5 9.4 9.5 9.467 0.038
17 1 4 4.2 4.6 4.267 0.407
18 3 8.2 8.2 8.4 8.267 0.123
19 5 9.2 9.4 9.3 9.300 0.050
20 8 c 9.3 9.4 9.2 9.300 0.050
21 12 9.4 9.4 94 9.400 0.043
22 16 9.4 9.4 9.5 9.433 0.038
23 20 9.4 9.4 9.5 9.433 0.038
24 25 9.5 9.4 9.5 9.433 0.038
25 1 0.1 0.1 0.1 0.100 0.702
26 3 1.5 4 4.1 3.200 0.482
27 5 7.7 7.3 7.6 7.533 0.175
28 8 D 9.1 8.4 8.1 8.533 0.104
29 12 9.4 9.1 8.4 8.967 0.073
30 16 9.5 9.5 9.3 9.433 0.040
31 20 9.6 9.6 9.6 9.600 0.028
32 25 9.6 9.6 9.7 9.633 0.026

3.3 Determination of chloride diffusion coefficient and service life of slab

The initial chloride concentration, chloride concentration at various depths, and exposure time were
used as input to find the chloride diffusion coefficient (CDC) of each sample using Life 365. After getting
the diffusion coefficient of all the samples, it was used in the modelling of the slab in Life 365 tool to
predict the service life (corrosion initiation time) of the slab. Table 9 shows the corrosion initiation time
in slab for various reinforcement depths of 10, 15, 20, and 25 mm in deterministic approach. The service
life of slab with liquid waterproofing is found to be maximum from this research work. Integral
waterprrofing is observed least effective among the waterproofing techniques used. It can be because
the same strength (M25) is achieved using micro silica.

CDC of Sample A: 2.65 *10-""m?/sec

CDC of Sample B: 1.91*10®m?/sec

CDC of Sample C: 8.53 *10-"3m?/sec

CDC of Sample D: 1.72*10-2m?/sec

Table 9. shows the service life of reinforced concrete slab under different conditions as calculated from
Life 365 tool. The importance of concrete cover and proper waterproofing in terrace slabs can be
observed by comparing the service life of reinforced concrete slab. In sample A, despite increasing the
concrete cover, the service life (corrosion initiation time) of the slab was not increasing at a higher rate
because no waterproofing is provided. The chloride diffusion coefficient of sample A being higher than
other samples (B, C, and D) results in fast penetration of chloride ions inside sample A. The



effectiveness of concrete cover and reinforcement depth to prolong the corrosion initiation in the slab is
seen in sample B.

Table 9. Service Life of slab using different waterproofing methods varying the reinforcement

depths
Service life at different reinforcement depths (years)

S-N Sample 10 mm 15 mm 20 mm 25 mm
1 A (Without waterproofing) 15.3 16.3 17.3 18.3
2 B (With liquid waterproofing) 38.6 56.6 83.6 118.9
3 C (With membrane waterproofing) 24.4 30.8 37.5 44.8
4 D (Integral waterproofing) 20.8 252 29.6 34.3

The difference in the service life of samples A and B was 23.3 years when the concrete cover was 10
mm, whereas; the difference in service life increased to 110.6 years when the concrete cover was 25
mm. The service life of sample B slab increased at a higher rate when the concrete cover increased..
The service life of sample D slabs was the least among the service life of slabs with waterproofing. It
may be because the exposure surface of the cylinder was in direct contact with the NaCl solution. The
difference in the service life of samples A and D slabs was 5.5 years when the concrete cover was 10
mm, whereas; the difference in service life increased to 16 years when the concrete cover was 25 mm.
The increase in the service life of the slabs after changing the reinforcement depths is shown in Table
9. Table 10 shows that the slabs service life increases at a higher rate if the waterproofing system used
is effective for the same increase in the concrete cover.

Table 10. Increase in service life after the increase in reinforcement depth

. Increase in service life (years)
Increase in concrete cover A B D
From 10 mm to 15 mm 1 18 6.4 4.4
From 15 mm to 20 mm 1 27 6.7 4.4
From 20 mm to 25 mm 1 35.3 7.3 4.7

The result showed that liquid waterproofing (epoxy UV) was the most effective waterproofing method. It
protected the ingress of water very efficiently, as the chloride concentration below the surface was nearly
equal to the initial chloride concentration. Membrane (APP sheets) waterproofing also effectively
stopped the ingress of exposed liquid inside the concrete slab. In the case of membrane waterproofing,
NaCl solution could not enter the concrete in large amounts. It was also increasing the service life of the
slab significantly. Proper waterproofing must be combined with suitable reinforcement depths for the
best result. Therefore, providing adequate concrete cover is a must for constructing durable slabs.
Nevertheless, integral waterproofing could be combined with other waterproofing methods to get the
best result. Life 365 tool also gives the probability of initiation of corrosion and chloride concentration vs
time at different depths.

4. Conclusion

From the experiment and analysis done for calculating service life in waterproofed and exposed slabs

having varying reinforcement depths, the following points can be concluded:

1. The service life of the waterproofed slab is more than the service life of the exposed slab. The value
of the chloride diffusion coefficient in sample A is more than the chloride diffusion coefficient of
samples B, C, and D, respectively. Higher chloride diffusion coefficients result in fast penetration of
chloride ions inside the concrete matrix, decreasing service life.

2. Waterproofing and sufficient concrete cover should be combined to get better results of the service
life of reinforced concrete slab. There is a constraint on giving more concrete cover to the slab
because of the thickness of the slab, and increasing the concrete cover, decreases the effective
depth, reducing the moment resisting capacity. So, providing a suitable concrete cover and using a
waterproofing method on the slab gives the desired results.

3. Liquid waterproofing (epoxy UV) was found to be the best. Its service life increases rapidly when
concrete depth increases as the chloride ions need more depth to reach the reinforcement level.

4. Membrane waterproofing also showed an effective result by significantly increasing the service life
of the slab. It gave a service life of 26.3 years for a 25 mm concrete cover.

5. Two or more waterproofing methods with adequate concrete cover can be used to achieve best
result from a durability point of view. Combining integral waterproofing with membrane or liquid
waterproofing techniques along with adequate concrete cover will increase the service life of the
slab. In case proper concrete cover is not given in the slab, then the importance of waterproofing
the slab increases.

6. Since every material has its own durable life, so as to achieve the desired service life of the
reinforced concrete slab, waterproofing layer of the slab shall be maintained over time.
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