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Abstract:

Moisture is any visible, measurable, or perceived water indication due to natural and artificial
occurrences within and around the building. This research tends to establish causes, effects, and
method of controlling the menace usually caused by moisture in residential buildings. This
research used descriptive and deductive approach and made use of Nondestructive methods of
investigation. Data for this research were retrieved from a structured questionnaire administered
to occupants and professionals (in building construction/maintenance) in the Lekki-Ajah axis of
Lagos State, Nigeria. The research finds out that the areas of the building where moisture occur
most are the bathroom, toilet and laundry room. Poor quality of construction materials, bad
workmanship, and rising dampness are major causes of moisture in residential building. Moisture
greatly affects the corrosion of metals used in building and also aid microbial/vegetation growth
and discolouration of wall paint in the building. The research recommends the use of quality damp
proofing materials, proper installation of service pipes, the establishment of a good maintenance
program, timely inspection by regulatory agencies (before, during and after the construction work)
as ways through which moisture can be controlled in buildings to checkmate the effect of moisture
on Building components and to enhance healthy living for occupants of Buildings.
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1 Introduction

According to WHO (2009), moisture is a visible, measurable or perceived indication of water
infiltration into Building components orchestrated by indoor occurrences, climate problems, and
errors during assembling and installing building components, which causes various leakages and
water movement (vapour and liquid) in building components. Moisture has caused great defect
and threatens many buildings, and it is recognized as one of the most dangerous building enemies.
Moisture problems occur when an excess of moisture accumulate or get entrapped in parts of the
building that ought to be dried, and this could occur due to design oversight, construction error or
improper maintenance. (Ahzahar et al 2011, Almas et al 2011, Chew, 2005 and Kubba, 2008).
This paper examined the effects of moisture on the concrete component of residential buildings,
the wellbeing of occupants of buildings and suggest ways through which the effect can be
mitigated to improve the health of the building and its occupants.
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2 Literature Review

Othman et al. (2014) express that defects in building components have a shortcoming that makes
them unable to fulfil their intended function. Building defect is a failure in the functionality,
performance and comfort index of the structure, its fabric, services and associated facilities. (Pheng
and Wee, 2001). Defects in the building can be categorized into the patent and latent defects. Patent
defects can be physically observed during construction's inspection, usually within the defect
Liability Period. Latent defect, on the other hand, occurs after the building is occupied. In addition,
building defects sometimes occur due to wear and tear (Olanrewaju et al., 2010). Moisture causes
a different type of defect in buildings which include but not limited to stain, discolouration of
paint, peeling of paint and plaster, blistering, corrosion, and efflorescence (Flores-Colen et al.,
2008). One of the major causes of staining in the building is rainwater (Hassanaian et al., 2013).
Discoloration, peeling and blistering occur due to water leakages and seepage (Kian, 2001; Hassan
et al., 2011). Corrosion of metal and aluminium occurs due to incompatibility of materials,
Pollution, exposure, presence of moisture and microorganism, while the growth of vegetation is
favoured by pores, moisture and rise in temperature (Kubba, 2008). WHO (2009) expressed that
the growth of microbes such as mould, fungi, and bacteria occurs because of excess moisture in
the building elements, which can pollute the indoor air and consequently constitute a health risk
to human health.

The moisture condition of a building has a decisive effect on its deterioration processes and its
service life (EPA, 2013). Leakages mainly cause moisture problems in a building in roofs, walls
and ceilings. Chew (2005) concludes that water leakage through cracks, faulty pipes, and joints is
the main source of moisture infiltration in the building. Waterproofing failure is also a major
contributor to moisture infiltration into the building, as opined by Kian (2001). Building
experiences water problem due to its location, inappropriate materials during construction,
improper design and poor workmanship (Ahzahar et al. (2011).

WHO (2009) stated that the movement of moisture in the building from wet areas to dry areas,
external walls to the internal walls could cause condensation in walls and ceiling especially when
a vapour barrier is not in use and can also encourage deterioration of internal finishes. EPA (2013)
and Almas et al. (2011) stated that moisture is responsible for 76% of building defects, while WHO
(2009) views that moisture causes 75% - 80% of defects in the building. Kubba (2008) and Wessen
et al. (2002) also corroborated that moisture is significantly responsible for the growth of microbes
in the building.

According to (EPA 2013), control of moisture infiltration in the building is germane to buildings'
functional ability and performance to render comfort and satisfaction to occupants and protect
occupants from hazards and health challenges.
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ASHRAE (2004) noted that moisture problems are sometimes caused by negligence and quackery
during construction and installation. If moisture is adequately controlled in the building, it will
prevent unhealthy conditions for both the building and its occupants, and this will help to have a
durable, safe and energy-efficient (EPA, 2013). However, moisture problem in the building may
also cause sick building syndrome, a situation that may affect the economic and social values of
the building (EPA, 2013). Furthermore, Guimeraes et al. (2013) and (EPA 2013) expressed that
moisture amidst poor ventilation will encourage the growth of moulds. Moulds could cause health
challenges like irritations, stuffiness of the nose, cough, amongst others.

The durability of concrete is the tendency of concrete to tolerate the harmful effects of the
environment it will be subjected to, during its life cycle, without experiencing deterioration above
acceptable limits. Moisture is one of the many causes of concrete durability problem. (Balamurali,
2015). Infiltration of water, oxygen, carbon dioxide, chloride, sulphate, and related substances
negatively affects the durability of concrete (Brandt et al., 2012). There are three main moisture
problems in concrete, including carbonation, moisture cycle, and contaminants (EPA 2013).

3 Research Methodology

3.1 Study Population

The study area for this research work is Lekki/Ajah area in Eti Osa Local Government, Lagos
State, Nigeria. The study population is the residential buildings that fall under the study area.

3.2 Sampling

Fifty houses in Lekki/Ajah area in Eti Osa Local Government, Lagos State, were randomly
selected for the research.

33 Research Instrument

A structured questionnaire was used to collect data from respondents while moisture meter,
rebound hammer and surface temperature pro were used to investigate the concrete components
of the buildings.
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4 Findings and Discussion

Table 1 above shows that moisture occurs most in the bathroom (mean 1.29), followed by toilet
(mean 1.39), and followed by the laundry room (mean 1.44). This indicates that most areas
where moisture occurs in the residential building are bathrooms, toilets, and laundry rooms.

Table 1. Area of the Building that Moisture Occurs Most

Area of the Building| N| Minimum| Maximum| Mean | Std. Deviation| Ranking
Bathrooms 41 1.00 3.00|1.2927 55874 Ist
Toilet 41 1.00 4.00(1.3902 .66626 2nd
Laundry room 41 1.00 4.00(1.4390 74326 3rd
Floor 41 1.00 3.00| 1.6829 .60988 4t
Wall 41 1.00 3.00|1.7561 66259 5t
Roof 41 1.00 5.00| 3.0488 .97343 6
Furniture 41 2.00 5.00/3.1951 .64107 7t
Sitting room 41 1.00 5.00| 3.2683 92262 gt
Bedrooms 41 1.00 5.00| 3.2683 1.00061 9t
Wardrobe 41 2.00 5.00| 3.5366 .80925 10
Wallpaper 41 1.00 5.00| 3.6098 1.02172 11

Table 2. Causes of Moisture in Concrete Component in Residential Building

Causes of Moisture N| Minimum| Maximum| Mean | Std. Deviation| Ranking
Poor quality of construction materials 41 1.00 2.00| 1.3415 48009 1%
Bad workmanship 41 1.00 3.00] 1.3659 .62274 2ond
Rising dampness 41 1.00 3.00] 1.3659 .62274 3rd
Leaking pipes 41 1.00 4.00[ 1.3902 73750 4th
Roof leakages 41 1.00 3.00] 1.4146 54661 5t
Defective damp proof course/damp proof membrane 41 1.00, 4.00| 1.5366 .74490 6
Inadequate or lack of building maintenance program| 41 1.00 4.00[ 1.7561 73418 7t
Loose or missing roof tiles/slates 41 1.00 5.00| 1.7805 .96209 gt
Porosity in concrete components 41 1.00 3.00 1.7805 .68964 9th
Improper design 41 1.00 3.00] 2.0244 52382 10%
Overflow pipe continuous running 41 1.00 4.00,2.0732 78709 11t
Poor drainage system 41 1.00 4.00,2.0732 .68521 12
Blocked or broken roof gutter 41 1.00 4.00[2.1951 .87234 13%
Porous or cracked bricks 41 1.00, 5.00[2.2195 98773 14t
Blocked or broken downpipes 41 1.00 5.00)2.2927 92854 15%
Damped basement 41 1.00 5.002.3415 96462 16%
Cracked or blocked drains 41 1.00, 5.00|2.4146 .94804 17%
Lack of adequate roof space ventilation 41 1.00 4.00/ 2.7561 79939 18%h
Condensation 41 1.00 4.00 2.7805 .82195 19%
Poor ventilation system 41 1.00 5.00] 2.8049 .98029 20t
Use of ineffective humidity control 41 2.00, 5.00[3.3171 90662 21st
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Table 2 shows that Poor quality of construction materials, Bad workmanship, rising dampness,
leaking pipes, Roof leakages, Defective damp proof course/damp proof membrane, Inadequate or
lack of building maintenance program, Loose or missing roof tiles/slates, Porosity in Concrete

components and Improper design ranked 1% to 10" among causes of moisture in Concrete

components.

Table 3 above shows that corrosion of metal is the main effect of moisture on concrete component
(mean 1.39), followed by microbial growth/vegetation growth (mean 1.51), and followed by

discolouration of wall paint (mean 1.59).

Table 3. Effect of Moisture on Concrete Component in Residential Building

Effect of Moisture N| Minimum| Maximum| Mean | Std. Deviation| Ranking
Corrosion of metals 41 1.00, 4.00(1.3902 .66626 1%
Microbial growth/ vegetation growth |41 1.00 2.00{1.5122 .50606 2nd
Discolouration of wall paints 41 1.00 5.00( 1.5854 74080 3rd
Reducing the life span of the building| 41 1.00 4.00|1.6341 .69843 4th
Health risk to the occupants 41 1.00 2.00| 1.6829 47112 5t
Cracking of the building walls 41 1.00 2.00| 1.6829 47112 6
Deterioration of floor coverings 41 1.00 3.00{ 1.8049 55765 7t
Chalking of paints 41 1.00 5.00] 1.8293 .80319 gt
Weakening of roofing sheets 41 1.00 5.00(2.0244 90796 9t
Flashing 41 1.00, 5.00|2.1707 97217 10
Sagging of walls 41 2.00, 5.00] 3.2439 94288 11th

The above data illustrates that the effect of moisture in residential building cause corrosion of
metal, microbial growth/vegetation growth around the building and also causes discolouration of

wall paint.

Table 4. Method of Controlling Moisture in Residential Building

Method of Controlling Moisture in N| Minimum| Maximum| Mean Std. Ranking
Using quality DPM material for foundation construction |41 1.00 2.00] 1.3171 47112 1%
Plumbing lines should be where it can be easily located 41 1.00 3.00| 1.4146, .59058 2nd
Good maintenance program 41 1.00 3.00 1.4878 .63726 3rd
Quality building materials 41 1.00 3.00] 1.5122 .55326 4th
Using water-impermeable material for construction 41 1.00 3.00] 1.5366 55216 5t
Laying tiles to the wall 41 1.00 3.00 1.5610 .59367 6
Installation of wall cladding to prevent the wall from 41 1.00 3.00| 1.5854 54661 7t
Checking and replacing all leaking pipes 41 1.00 4.00( 1.6341 .62274 gt
Manufacturing, shipping and storing building materials in |41 1.00 4.00(2.1707 94611 9t
Good architectural design 41 1.00 5.00/ 2.7805 1.01272 10%
Chemical injection method 41 1.00 5.00[2.9512 97343 11t
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Table 4 above shows that using quality DPM material for foundation construction is the best
method to control moisture (mean 1.31), followed by plumbing lines should be where it can be
easily located (mean 1.41), followed by a good maintenance program (mean 1.49). This implies
that controlling moisture in residential building uses quality DPM materials for foundation
construction; plumbing lines should be at places where they can be located easily for repair and
strategizing a good maintenance program that will help the building perform its function.

Table 5. Action by Regulatory Agencies to Reduce the Effect of Moisture on Residential Building

Actions N| Minimum| Maximum| Mean Std. Ranking
Inspection and certification of materials before use 41 1.00 2.00] 1.2439 43477 1%
Educating and mandating contractors to build according to| 41 1.00 2.00] 1.4878 .50606 2nd

Table 5 above shows that regulatory agencies should inspect and certified materials before use to
reduce the effect of moisture on residential buildings (mean 1.24), followed by educating and
mandating contractors to build according to regulations/codes (mean 1.49). This indicates that
inspection and certification of materials before use and educating and mandating contractors to
build according to regulations/code is the main role that the government agencies can use to reduce
moisture on a residential building.

4.1 Summary of Findings

» The areas of the building where moisture occur most are the bathroom, toilet and laundry room.

» Poor quality of construction materials, bad workmanship, and rising dampness are major
causes of moisture in residential building.

» Moisture has a great effect on the corrosion of metals used in building, and also aid microbial
growth/vegetation growth, discolouration of wall finishes, and constitutes health risk to
Occupants.

» Using quality DPM materials for constructing foundation will reduce the rising of moisture
into the building,

» Location of service pipes at the area where they can be easily accessed for maintenance in case
of leakages can help to reduce the spread of moisture in the building.

» Adoption and execution of a good maintenance program can enhance the quality performance
of the building.

» Specification and monitoring of building materials by government agencies can ensure
appropriate material during the construction of the building.

» Sequential inspection of buildings during and after construction by regulatory agencies can
ensure conformity to building standards and regulations and enhance the good health of the
building and its occupant.
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5

Conclusion and Recommendations

After reviewing the findings on the effect of moisture on the durability of the concrete component

in residential building, the following conclusion and recommendations were reached.

5.1

5.2

Conclusion

The leading cause of moisture in the concrete component of residential building are using
poor quality materials, bad construction methodology, and bad workmanship for building
construction.

Moisture penetration and rising moisture have a great effect on building concrete components
by corroding the metals/reinforcement used for constructing concrete components; it aids the
fast growth of the microbial organism and vegetation in the building and constitutes a health
risk to occupants of buildings.

Moisture in the building can reduce the life span of the building, which can cause the building
not to perform the function which it was designed for. Hence the location of service pipes in
an area where they can be easily accessed for maintenance in leakages is essential.

The use of quality damp proofing material (DPM) for the construction of the foundation will
reduce rising dampness in the building,

Adoption and execution of a good maintenance program can enhance the quality performance
of the building.

Specification and monitoring of building materials by government agencies can ensure
appropriate material during construction of the building, and sequential inspection of
buildings during and after construction by regulatory agencies can ensure conformity to
building standards and regulations and enhance good health of the building and its occupant.

Recommendation

Government agencies should strictly engage in inspection and certification of materials used
for building construction before they are used for construction project, and they should
educate the contractors to build according to the building codes/regulations.

Quality damp proofing materials should be used during the construction of the foundation of
the building.

A good maintenance program will help keep and restore the building to its original position
so that it can continue to perform its function as expected.

Construction of building should always be handled by professionals who will ensure the
quality of construction methodology, materials, workmanship, and cost.

Government and Professionals should continuously educate homeowners and occupants on
the need to make concrete components moisture-free

Government and professionals should invest more in developing sustainable building
materials that can prevent the negative effect of moisture.
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