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Abstract. Resilient flooring is a popular choice in healthcare facilities, given its durability, comfort,
low maintenance and cost. However, anomalies that occur in vinyl and linoleum floorings (VLF) often
do not fulfil the expectations of a flooring with good performance and durability. In fact, studies show
that pathological phenomena in VLF occur more often in the first years in service, indicating a probable
connection with the design and execution stages. These stages are crucial to the quality of VLF, since, if
not given adequate attention, pathological symptoms are likely to increase, hence decreasing service life.
The authors developed an inspection, diagnosis and rehabilitation system for VLF in healthcare facilities,
including: the classification of anomalies, their probable causes, in situ diagnosis methods and repair
techniques, anomalies - causes, inter-anomalies, anomalies - diagnosis methods, and anomalies - repair
techniques correlation matrices. The same system was validated through the visual inspection of 101 com-
partments in six health infrastructures in Lisbon, Portugal, and the respective descriptive statistics analy-
sis of the collected data. That analysis showed, for instance, that the summed contribution of “design
errors” and “execution errors” to “faulty welding joints” was 59%. Making an effort to change the
situation diagnosed in the mentioned inspection sample, some design and application stages’ recom-
mendations are highlighted, according to the main sensitive issues of the flooring system during its
service life. The sensitiveness of VLF highlights the importance of a suitable maintenance plan to min-
imise susceptibility to various degradation mechanisms.

Keywords: Building Pathology, Design and Execution Recommendations, Healthcare Infrastructures,
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1 Introduction

Apart from their durability, comfort, low maintenance and cost, vinyl and linoleum floorings (VLF)
have ideal properties for health infrastructures, such as static control, slip resistance and antibacte-
rial characteristics. However, without adequate maintenance of VLF, these properties can lose their
effectiveness and anomalies may appear, hence decreasing performance levels and life expectancy.

With the recent rise of awareness towards decreasing the ecological footprint of the construction
sector, recycling and using more environmental-friendly products have increased. In this context,
considering life-cycle assessments, the expectation of extending the service life of the building el-
ements brings new attention to maintenance programs (Aycam et al., 2017; Harris and Fitzgerald,
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2013). To avoid the development of pathological phenomena in VLF, an adequate maintenance
program must be implemented from the beginning of their life-cycle, even before the application
of the flooring. Therefore, it is of high importance to study the durability of VLF in sets of buildings
in various locations, subject to different actions, in order to understand the pathology according to
the characteristics of VLF. Inspections can be systematised and should be included in a maintenance
plan, to prevent degradation of the flooring and its substrate.

Regarding the health sector, several studies emphasise the importance of adequate mainte-
nance, in order to prevent hospital-acquired infections (Brito, 2017; Carling et al., 2010; Harris
et al., 2010; Harris and Detke, 2013; Harris, 2017). However, apart from maintenance manuals,
there is hardly any literature regarding the maintenance of VLF.

An inspection, diagnosis and rehabilitation system for VLF in healthcare facilities (Carvalho et
al., 2018) was developed, including: the classification of anomalies, their probable causes, in situ
diagnosis methods and repair techniques; anomalies - causes, inter-anomalies, anomalies - diagno-
sis methods, and anomalies - repair techniques correlation matrices. This system was validated
through the visual inspection of 101 compartments in six health infrastructures in Lisbon, Portugal,
and the collected data were analysed with descriptive statistics (Carvalho et al., 2019).

The purpose of this paper is to gather the maximum of information available on “Maintenance
Recommendations Guides” from several manufacturers, supporting the presented information with
the statistical data acquired during the inspection and validation campaign of Carvalho et al. (2018,
2019). Regarding the design and execution stages of VLF, a complete analysis can be found in
Carvalho et al. (2018, 2019).

2 Installation

Regarding the installation of VLF, the instructions given by the manufacturer must be strictly
followed. However, there are some general preliminary actions that are necessary (Armstrong,
2019; Construction, 2013; Ovation, 2013; Polyflor, 2019; Tarkett, 2012), such as: (i) the mate-
rials must be kept in the room where they will be installed for at least 24 hours before applica-
tion, at room temperature, to adapt to the ambient conditions; (ii) the layout should be designed
for the lowest number of joints; (iii) the substrate must be dry, clean and level; (iv) if not level,
a levelling screed must be applied; (v) before installation, the flooring must be unrolled, meas-
ured and pre-cut according to the areas to be coated to minimise waste; (vi) when cutting the
material, extra 15-20 cm must be considered, depending on the length; (vii) after the installation
of the flooring with adhesives, it will require a drying period, so it should not be walked on,
washed or scrubbed within this period.

The preparation of the substrate is the same for vinyl and linoleum, whereas the application
varies according to the type of adhesive and drying period. As for the preparation of the substrate,
a 10 cm thick screed is usually applied. However, in rehabilitation works, due to ceiling height
limitations, it is not always possible to ensure the minimum screed thickness. In such cases, a glass-
fibre reinforced screed should be used. Also, on ground floors, a vapour barrier should be applied
over the screed.

A levelling compound should be applied over the screed in two cross coats. Silica sand may
be added to the second coat to improve adhesion. After drying, any loose sand is vacuumed, the
floor is buffed and any dust is cleaned. Next, the coves, with varying heights, usually around
10 cm, are placed on the wall with contact glue. After drying, the pre-cut rolls are placed aligned
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on the floor. The roll is folded in half and the adhesive is carefully applied on the floor (Figure
l1a), with a specific comb, and on the coves, with a brush (Figure 1b). To avoid adhesive excess,
it must be well spread. The drying period varies and depends on the weather, as humidity will
delay drying. After drying, half the roll is placed on the adhesive and the press roller is used.

In order to be well laid, the VLF must be heated, to become flexible and follow the curve of the
cove, and then compressed, to ensure adhesion. Therefore, a welding machine is used, without the
welding tool, to make the vinyl more ductile (Figure 1c). If this step is skipped, detachment of the
coving may occur. In the corners, 45° cuts must be made (Figure 1d) using a utility knife, which is
also used to make straight cuts in vinyl. The curved-tip knife (banana knife) is used to remove
excess vinyl on the cove, before fitting it to the upper housing.

Before welding the joints, a half-moon shaped tool is used to create the necessary spacing to
place the string. The welding string is then applied using a welding machine or a robot. After the
string has cooled, the excess must be removed either by using two tools separately (Figures 1e) or
one tool, with a single cut. Then, a transition profile, made of PVC or aluminium, should be placed
at each room entrance to ensure a smooth transition between different floorings of similar thickness.
Optionally, a silicone string may be applied in the joint between the coving and the wall, to mini-
mise the risk of possible water ingress.

Al sk

Figure 1. Installation of vinyl flooring: a) application of adhesive on the floor; b) application of adhesive on the
footers; c) heating of the flooring; d) corner detail; e) removal of the string excess.

3 Maintenance

Floorings are selected for many reasons including colour, design and sometimes special properties,
such as static control or slip resistance. Without regular maintenance, dust and soiling build up
quickly, changing aesthetic properties and making special features practically useless. Moreover,
dirt and soiling usually harbour bacteria, making the flooring a health hazard. Also, dust and grit
underfoot can act as an abrasive, which, if left uncontrolled, will shorten the service life of the
flooring, causing premature replacement.

Regular and well-planned maintenance keeps the flooring in pristine condition and can enhance
its original appearance. It can also reduce wear and ultimately prolong the service life of the floor-
ing. Adequate maintenance (daily/regular and periodic) may lead to high costs in the long run, but
the lack of adequate maintenance means higher costs in the future with localised or total replace-
ments. By defining a maintenance programme, real savings can be made without compromising
appearance, hygiene and cleanliness requirements.

3.1 Factor Points to Consider

Before establishing a maintenance programme, some variables should be considered, as they affect
the method, frequency and hence the cost of maintenance. So, the floor location, type and volume
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of traffic, and the existence of dirt barriers should be taken into account. The location of the flooring
in the building is one of the main factors, since entrance and reception areas will require more in-
tensive and frequent cleaning than upper floors or low traffic corridors. The types of traffic, density
and frequency in the given location also play an important part, since the density of traffic and type
of footwear used in common corridors differs from the ones in operation rooms. The expectation of
the client for a given location also plays an important part. If a high level of hygiene is required,
like in the health department, the maintenance regime must be able to provide it. Finally, the type
of cleaning equipment conditions the programme, since manual methods may be time-consuming
in large areas and incompatible with the periodicity requirement. However, large machines used in
confined spaces can take longer than manual methods (Polyflor, 2019). Additionally, the colour of
the flooring is important, since, in general, light colours show soiling more easily and need more
frequent cleaning, whereas dark colours more easily show loss of gloss.

3.1.1 Assessing the location

The first part of the maintenance programme process is to break down areas to be cleaned into a
series of independent locations. Then, each one should be assessed before a particular maintenance
strategy is employed to provide a clear indication as to where the effort and therefore the cost should
be applied best.

The assessment should establish the following: type of cleaning; frequency of cleaning; cleaning
products and equipment; the level of labour required; and time to be allocated. It is of high im-
portance to regularly assess the different locations and be flexible about the planned maintenance.
If the floor in a particular place needs more attention, then it must be ensured that it is addressed as
soon as possible. On the other hand, if some areas seem over-maintained (e.g. with polish build-up
in the non-walked on areas), then the maintenance level should be adjusted, but the situation must
always be monitored to ensure it remains within control.

According to Carvalho et al. (2019), anomalies “‘staining/dirt/colour changes™ and “brightness
changes” resulted exclusively from causes in groups “environmental actions” and “maintenance
errors”, the latter represented only by “insufficient/incorrect cleaning of the flooring”. In both
“staining/dirt/colour changes” and “brightness changes”, the predominant environmental causes
were “biological action/chemically aggressive agents” (50% and 94%, respectively). Such fre-
quencies were expected, as the use of inappropriate cleansers or spilling of aggressive substances,
such as antiseptic drugs, causes blemishes, changes in brightness, or indelible stains.

3.1.2 Dirt barrier systems

The dirt barrier systems (DBS) play an essential role in VLF maintenance, as most dirt, grit and
moisture are carried into a building by users. By reducing the amount of these elements that are
brought in, not only would this cut the cost of its removal, but it would also cause less abrasive
action on the flooring. Also, with less moisture, there would be less potential for slipping. An ef-
fective “passive” DBS has both scraping and absorbing qualities and is sufficiently large to perform
these actions on both feet during normal walking (Polyflor, 2019).

An exterior and an interior mat should compose the DBS. The exterior scraper mat should
be at least two paces long, set into a mat well and have enough height to allow grit to fall below.
Inside the building, an interior grade combination of scraper and moisture mat of two to three
metres long should be installed, as it removes most moisture and any fine abrasive particles.
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However, to keep the effectiveness of DBS, they must also have adequate maintenance and be
cleaned regularly; otherwise, they can increase the soil intake by creating a “soil reservoir” at
the entrance of the building.

It 1s highly important to invest in high-quality floor mats for an extra layer of protection. The
mats should be placed at entrances and exits to collect and trap corrosive substances that can be
tracked in, such as dirt, sand, oil, grit, asphalt, among others.

3.2 Types of Maintenance

The best way to maintain the product characteristics for long-term use is to perform regular cleaning
and proper maintenance. In this context, two factors contribute to the decrease of a VLF life-cycle:
the lack of maintenance or an inadequate one. The first scenario includes the permanent accumula-
tion of dust, loose dirt and other corrosive materials (such as hand disinfectant). The second scenario
includes the use of aggressive cleaning agents, which remove the superficial protection barrier of
these floorings, or excessive waxing.

According to Harris (2017), the most common resilient floorings used in patient rooms are rub-
ber, linoleum and vinyl roll and tiles. Tiled vinyl is considered to be the most durable and cost-
effective at initial costs, though it requires continuous maintenance at high long-term costs. As for
vinyl roll, it is less stable and durable than tiles, but its welding joint mitigates the risk of contami-
nation of the bedding layer. Finally, linoleum derives from natural resources, having antistatic and
antimicrobial constituents. However, it is susceptible to water damage, usually requiring a surface
protector that inhibits antimicrobial properties.

Before the flooring installation, the site must be adequately cleaned, otherwise some anomalies
may arise immediately. Therefore, all loose dirt, dust and grit must be removed by mopping, sweep-
ing or vacuuming. Also, all traces of adhesive on the surface of the flooring must be removed.

Harris and Fitzgerald (2015) identify the procedures for adequate maintenance of resilient floor-
ings exposed to heavy traffic in healthcare facilities. Daily cleaning should be performed with a dry
and wet mop; weekly, localised cleaning; quarterly, scrubbing and polishing cleaning; and semi-
annually a surface protector should be applied.

According to Carvalho et al. (2019), anomalies “scratches/wear”, “staining/dirt/colour changes”
and “faulty welding joints” occurred in more than half of the inspected floorings. The most frequent
anomaly was ‘“‘scratches/wear”, which was expected considering how easy it is to scratch a VLF
(Douglas, 2011), since careless dragging of equipment is enough to leave a scratch, and the wheels
of most trolleys have inadequate or worn-out material. The second most frequent anomaly is “faulty
welding joint”. The absence or deficiency of the welding joint, allied with inadequate cleaning,
creates a singularity where water may enter, triggering detachment of the flooring. This shows the
importance of timely maintenance interventions at welding joints to guarantee the expected service
life of the VLF. In general, dirt can be eliminated by cleaning, whereas for indelible stains and
colour changes in linoleum floorings, they can only be removed by stripping. In vinyl or recent
linoleum floorings, they can be removed by polishing. In these cases, the VLF is only replaced
when the affected area is of exceptional aesthetic value.

As for the location of anomalies, in some situations, a specific type of anomaly is predominant.
For example, anomaly “scratches/wear” is often seen in poorly executed transition areas or at the
rooms’ entrance (Figure 3a and b). It is also the case of anomaly “brightness changes”, which often
occurs immediately below the alcohol-based disinfectant dispensers (Figure 3c¢).
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According to Carvalho et al. (2019), there are some repair techniques that should be adopted in
the maintenance program, according to the different types of anomalies detected in the regular floor-
ing inspections. For example, the application of a surface protector is a technique widely used for
scratches/wear, staining/dirt/colour changes and brightness changes, to reduce its aesthetic impact
by smoothing the surface. When scratches exist, partial or total replacement of the flooring should
only take place when the area has a high aesthetic value. Stripping is a technique exclusively used
in linoleum floorings, being less associated with stains than with brightness changes. In some cases,
the floorings are cleaned and waxed regularly, but stripping is only partial and not in the required
timings, often resulting in alternated areas with different wax thicknesses, as seen in Figure 3d.

@) (b) G @
Figure 2. Anomalies: (a) scratches; (b) wear; (c) brightness changes; (d) brightness changes on a linoleum floor-
ing due to inadequate maintenance.

Anomaly prickles/punctures was only not associated with repair techniques “glue injection” and
“repair of anomalies in footers”. The application of the repair techniques depends on the area
affected by the anomaly. For small areas, cleaning and applying a sealant or a welding string is
sufficient. For linoleum floorings, they can be stripped, or the punctures can be covered with a
mixture of white glue and linoleum scraps.

3.2.1 Routine/regular/daily maintenance

The following recommendations are provided as guidelines. However, the periodicity of each op-
eration depends on the amount and type of traffic, the provision of adequate DBS and the mainte-
nance equipment available.

For daily vinyl cleaning, the flooring should be mopped, swept or vacuumed to remove dust
and loose dirt. Stains can be easily removed with detergent and subsequently rinsed. If required,
to remove persistent black marks, the floor may be damp mopped with a neutral cleanser—the
label must always be read to ascertain suitability, and the manufacturer’s instructions for appli-
cation must be followed. It is highly important that the flooring is washed with nonabrasive
cleaners. When rinsed, the floor must be allowed to dry. All smooth floorings can be slippery
when wet. If necessary, the floor may be buffed with a dry soft mop or cloth. The appearance
of the flooring should be assessed weekly.

Once a week or, if necessary, more often, the floor should be cleaned with a damp cloth or a
mop soaked in warm water and a neutral cleaner. Light scuffing is executed with a buffing machine
with a suitable dry and clean pad.

3.2.2 Periodic maintenance

The appearance of the floor should be periodically assessed. If the floor has dirt build—up, it should
be machine scrubbed with a scrubber dryer fitted with a suitable clean pad, using neutral detergent.
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Then, it should be rinsed thoroughly and allowed to dry. To restore the finish, it may be dry buffed.
Regarding the stripping and resealing of a linoleum floor, according to Gorrée ef al. (2002),
stripping should be done six times in 20 years (approximately every three years) in public buildings.

3.2.3 Preventive measures

To prevent damage, some precautions should be taken. For example, spills should be cleaned
immediately, since the longer spilt materials are left on the floor, the higher the risk of irreversi-
ble staining. Regarding the furniture, it should always be lifted and carried, instead of pushed,
pulled, or dragged over the floorings. According to Carvalho ef al. (2019), cause “dragging of
equipment” was the most frequent, being indicated in approximately 28% of anomalies, prob-
ably due to a close correlation with the occurrence of scratches. This cause represents the use
of improper wheel material, which easily leaves a mark in VLF, or moving of furniture without
adequate protections. Furthermore, heavy furniture or appliances that are not moved often
should be equipped with flat, non-staining floor protectors, to avoid indentation from heavy
furniture or sharp furniture feet. The heavier the furniture, the wider the protectors should be
(Seeley, 1985). Vacuum cleaners with beater bars should be avoided, as they can damage the
flooring. Black rubber wheels and rubber feet can cause discolouration. Strong detergents must
be avoided, as they may wear the protective layer. Cleaning and maintenance training courses
from manufacturers, including both practical and theory work, should help facilities mainte-
nance staff get the best from vinyl floorings by using adequate cleaning methods and products
(Polyflor, 2019; Tarkett, 2012).

4 Conclusions and Future Developments

Several difficulties were found during the research, mainly the scarce scientific literature about
VLF, both in general and in health infrastructures. Therefore, the recommendations stem from dif-
ferent sources, namely supplier guidelines, site assessment and statistical evaluation from site as-
sessments (Carvalho ef al., 2018 and Carvalho et al., 2019).

This paper contributes to the dissemination of knowledge on the maintenance of VLF, specifi-
cally in health infrastructures, as the presented information may be used to improve and increase
the effectiveness of maintenance plans. Additionally, it may also be useful at the application stage,
as some defects with substrate origin, for instance, may be prevented with adequate cleaning of the
substrate. Moreover, at the design stage, a maintenance manual or a concise user’s manual of the
flooring may be developed and delivered to the client. Furthermore, the consideration of efficient
dirt barriers, with scraping and absorbing qualities, should take place early at the specification stage,
and not afterwards, when there are rarely enough funds or space to do the job correctly.

To avoid defects at the application stage, several measures may be implemented, always starting
with the use of specialised labour and better communication between contractors. Specialised la-
bour is more likely to apply floorings according to the best practices, hence avoiding defects caused
by execution errors. In terms of maintenance, regular cleaning is more beneficial and cost-effective
to the flooring than occasional heavy cleaning.

Regarding future developments to increase the life cycle, cleaning and maintenance training
courses given by the manufacturers should be mandatory. It is essential to train the cleaning staff
since inadequate maintenance directly contributes to accelerating the degradation of VLF. Moreo-
ver, regular inspections are also necessary to ensure the quality control of the VLF application. It is
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also expected that the efficiency and effectiveness of maintenance in VLF increase if the inspection
system proposed by Carvalho et al. (2018) is used. In the future, to improve the system, a wider
inspections campaign should be made.
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