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Abstract

Slips and falls are major causes of workplace injuries around the globe. The cost of workplace
accidents caused by trips, slips, and falls is expected to surpass $6 billion annually in the USA.
Above nine million incidents were treated in emergency rooms of hospitals as a result of slips,
trips, and falls (STF), accounting greater than 25% of all non-life threatening workplace
accidents in 2015. Out of these hospital slips, there is a big percent (37.3%) are due to barefoot
slips in bathrooms and slips with standard footwear worn in hospitals. Thus we can observe the
necessity of assessment of the slip risk across different floorings, especially in hospitals is
imperative. Numerous tools based on friction assessments, commonly referred to as slipmeters,
have been created to evaluate the slipperiness of floorings in hospitals. However, there have
been no studies on barefoot slip risk assessment and limited works have been conducted on
evaluation of footwear-floor slipperiness in hospitals. Also how the design of footwear
especially in hospitals can affect the footwear-floor traction is unknown to date. Thus the major
focus of this dissertation was to extensively model and assess the traction performance of
hospital floorings in barefoot conditions and with standard and systematically modified

footwear worn by hospital staff (i.e. nurses, doctors, trauma centre healthcare staff etc.).

The first chapter introduces the topic of slips and falls, followed by its worldwide effect and
basic terminologies. The second chapter attempts to summarise the research work done till date
on barefoot slip testing and footwear slip testing accompanied with the description of slip
testers used till date. The focus of the third chapter was on the evaluation of the barefoot slip
hazard in the presence of different flooring contaminants by employing a developed barefoot
heel surrogate. The heel surrogate was made using a biofidelic elastomer that had previously
been created by the scientists for simulating a human heel. The friction co-efficient was
calculated and shown to be much lower for water applied, soapy, and oily flooring scenarios
and to be maximum for the dry state. Similar barefoot risks were found on some flooring types
with high COF correlations assessed for certain contaminants, such as matt finish and polished
tile in wet conditions. The capacity to conduct such field studies using the innovative barefoot
substitute or surrogate would be essential for choosing appropriate slip-resistant flooring for

the avoidance of fall injuries caused due to slips.

The fourth chapter involved the application of the developed heel surrogate in assessing the

slip risk in fifteen different bathroom flooring tiles present in the bathrooms intended for the



patients in the different wards of the All Indian Institute of Medical Science (AIIMS), New
Delhi. The dry condition showed the highest available coefficient of friction (ACOF), followed
by water applied and shampoo-contaminated conditions. The extremely reproducible nature
across the different bathroom floorings and contaminants of the developed surrogate properties
have been established. The probability of similar barefoot dangers on such flooring tiles is
supported by high correlations between the ACOF of numerous flooring configurations for the
shampoo contaminated situation. It was also noted that, particularly in the case of the shampoo
spill scenario, the surface roughness was not a determining factor in evaluating the ACOF
values on the flooring tiles. The fifth chapter involved the slip risk assessment of eight actual
patient bathroom floorings present in the rehabilitation department of AIIMS, New Delhi. On
transitioning from dry to contaminated circumstances, it was seen that the friction in the
barefoot state significantly decreased. For all the contaminants, the floorings showing
significant relationships were estimated. There were certain specific floor tiles that showed a
similar pattern in the traction performance under wet, dry, shampoo, and shower gel-
contaminated conditions. The evaluation of slip risk in these flooring tiles revealed a similar
tendency in the fluctuation of the ACOF values. These findings shed light on the likelihood of
barefoot slipping on various hospital bathroom floorings in the presence of widely available

bathroom contaminants.

The transition from barefoot slip testing to footwear slip testing can be observed from Chapter-
6, in which high selling formal footwear used by healthcare professionals such as nurses were
evaluated for slip related injuries. Polyurethane replicas of the selected footwear outsoles were
fabricated having the same outsole hardness as the original footwear. The British Pendulum
Skid tester was selected as the instrument for slip testing. A heel connector was also fabricated
for proper attachment of the outsoles to the tester. Outsoles with tread orientation along or
oblique to the slip direction, exhibited comparatively high ACOF in water applied slipping
conditions. Similar traction behaviour was observed for majority of the outsoles for liquid soap
contaminated floorings, indicating generalizability of test results. The introduction of the
robotic biofidelic and tribofidelic portable slip tester was the main highlight in Chapter-7. Ten
Indian manufactured formal footwear majorly used by healthcare staff in AIIMS, New Delhi
were selected for slip risk evaluation in major three hospital flooring tiles in the presence of
water and floor cleaner. The findings of this study showed wide variances in the traction
capabilities of the footwear under consideration, which raised the danger of slipping under fluid

contamination circumstances. Across all the shoes tested on dry laminate and matt flooring,



contact area of the footwear treads was found to be an influencing parameter. Shoes with planar
surface (i.e., wither plane or no variation in treads) at the heel region showed the lowest ACOF
values. The correlations suggest that high contact areas might help mitigate the slip and fall
risks. Shoes having low shore hardness (or soft shoes) showed increased slip-resistance across
common slipping conditions. On the other hand, shoes having harder outsoles exhibited high
slipping risks. Specifically, on smooth flooring, softer shoes helped increase the overall contact
area to produce high ACOF values. Furthermore, softer shoes showed increased slip-resistant

performance even on wet floorings.

In the first part of Chapter-8, the traction performance of systematically modified footwear was
studied for the first time. Commonly utilised tread orientation such as horizontally oriented
tread patterns found on the topography of the outsole of formal footwear which is worn by
healthcare workers was examined. The tread channels were tested using a biofidelic slip testing
apparatus while being parametrically changed across widths and gaps. It was discovered that
parametrical changes in the horizontal tread patterns had an impact on how well the outsoles
provided grip. On floors with fluid contamination, the total slipping risk may increase with
outsoles that have larger treads and smaller gaps. While outsoles with bigger gaps displayed
higher traction when slipping on wet floors, smaller tread widths created higher traction when
slipping on dry surfaces. In the second part of Chapter-8, the traction performance of
commonly utilised tread orientation such as vertically oriented tread patterns found on the
topography of the outsole of formal footwear which is also worn by healthcare workers was
examined. The tread channels were tested using a biofidelic slip testing apparatus while being
parametrically changed across widths and gaps. Overall, it was observed that proportional
adjustments in vertical tread patterns had a considerable impact on how well shoes grip wet
and dry surfaces when slipping. On dry floors, outsoles with wide treads and close spacing can
reduce the overall danger of slipping, and vice versa. Outsoles with large tread gaps may further
aid in improving overall grip performance on wet surfaces. In comparison to contact tread
region area, tread gaps were determined to be the dominant factor in offering sufficient

footwear-floor grip in slippery water applied circumstances.

In Chapter-9, the focus was on understanding the effect of different accessible slip-resistant
floor coating systems especially intended for hospital floorings to reduce slip related accidents.
Three floor coatings were evaluated for five safety footwear implemented by trauma centre
healthcare workers, including acid-based etchant solution, epoxy floor paint, and polyurethane.
A biofidelic and mobile automatic slip testing device was used to evaluate the coated floorings

Vi



in dry conditions as well as in the vicinity of water and machine oil as contaminants. It was
found that in dry conditions, flooring with etchant coating significantly improved in terms of
slip resistance. It was discovered that epoxy coated flooring improved overall traction
effectiveness in water-contaminated conditions. Flooring with a polyurethane coating
demonstrated excellent slip resistance in all slipping scenarios, hence can be implemented for

hospital floorings.

The overall objective of this dissertation was to understand the traction characteristics of the
human barefoot, through the usage of the heel surrogate and British Pendulum Skid tester in a
hospital setting and then moving towards footwear slip testing and understanding the effect of
tread designs on traction by employing the similar testing device and the novel robotic
biofidelic and tribofidelic portable slip tester for footwear worn by nurses, doctors and other
hospital staff. An overall understanding of the foot-floor traction and its implication on slips
and falls in hospitals in India were established in this dissertation. Development of
interventions for mitigation of the slip related injuries in hospital floorings were also a key
positive factor in this dissertation, as a number of tread patterns, floorings, floor coatings and
footwear were identified which could potentially enhance slip resistance in hospital floorings.

vii
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