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Abstract: Housekeepers, house aides, and other room cleaning personnel make up 29% of workers within the hotel industry.
These personnel often use carts to carry items needed to service rooms. Carts often carry cleaning chemicals, vacuum
cleaners, towels, linen, room amenities (e.g. shampoo, conditioner, soap), and other items. A case study was conducted to
determine the push and pull forces required for two types of housekeeping carts in a variety of conditions. These conditions
included comparing push versus pull forces, overloaded carts versus properly loaded carts, and typical wheels versus properly
maintained wheels. These results indicate that pushing requires less force than pulling, that forces are lower with carts that
are not overloaded, and that forces are lower with for maintained carts (e.g. greased wheels in good working order) than for
carts that are not maintained.
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1. Introduction
The US Leisure and hospitality included approximately 14 million employees in 2013. The leisure and hospitality
industry includes hotels, restaurants and food service, as well as entertainment organizations (such as theaters and amusement
parks). The hotel industry employs about 29% of its workers as room cleaning personnel (housekeepers and house aides)
(BLS, 2010). Workers such as housekeepers, cooks, kitchen workers, dishwashers, and banquet servers had an injury rate as
high as 5.2 injuries per 100 workers in 2012 (BLS, 2013). In addition to the reported injuries, up to 95% of room cleaning
personnel indicate that they experience physical pain, with just under half indicating the pain was severe to very severe.
Room cleaning tasks encompass bedroom cleaning, bathroom cleaning, and other tasks. The bedroom cleaning
tasks include restocking materials such as pens, papers, and water bottles; emptying trash; changing the sheets, pillowcases,
and other linen; and vacuuming the room (Unite Here, 2006). The bathroom tasks include using cleaners and rags to clean
the fixtures and toilets as well as restocking toiletries and changing towels. All of the items used by room cleaning personnel
are carried on a cart.
The purpose of the housekeeping cart is to organize and hold clean linen, clean towels, the vacuum, cleaning tools
(including hand tools, rags, and necessary chemicals), dirty linen, trash, and restocking materials such as toiletries, water,
pens, paper, and other items. In addition to the physical demands required to clean rooms, it is often difficult to maneuver,
push, and pull the housekeeping cart.

2. Methods
Push and pull forces were collected in a hotel environment for two types of housekeeping carts in a number of
conditions including initial push/pull force, sustained push/pull force, properly loaded cart, overloaded cart, low pile carpet,
and moderate pile carpet. Force data were collected using a Wagner Instruments FDL-100 force gauge.
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