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Prevention of Slips, Trips and 
Falls Through Facility Design

Wayne S. Maynard

Prevention through Design- A new way of doing business: Report on the National Initiative
Omni Shoreham Hotel-Washington DC, August 22, 2011 
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Agenda

• Overview of slip, trips and falls (STFs); the 
problem

• A systems approach to STF prevention
– Stakeholder discussion; proactive versus reactive 

approaches
• Example of a PtD initiative for prevention of STF
• Facility design standards, references and 

guidelines on slip resistance, measurement of 
slipperiness, trip hazards and design solutions 
for walkways and stairways
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2010 Liberty Mutual Workplace Safety Index
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Liberty Mutual Workplace Safety Index 
Falls - Same Level
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Management responsibility

Hazard identification

Floor surface selection

Mats

Slip-resistant footwear

Floor surface treatments

Walkway slipperiness 
assessment Incident and injury 

surveillance

Warning signs & instructions 

Housekeeping and maintenance

Slips, trips
falls

Slip, Trip and Fall Prevention Continuum

Education and training

Gielo-Perczak K, Maynard WS, DiDomenico A [2006], Reviews of Human Factors and Ergonomics, HFES. 
Vol. 2, Santa Monica, CA, pp. 165–194 
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Management responsibility

Hazard identification
[walkways & stairs]

Floor surface selection

Mats

Slip-resistant footwear

Floor surface treatments

Walkway slipperiness 
assessment Incident and injury 

surveillance

Warning signs & instructions 

Housekeeping and maintenance

Slips, trips
falls

Slip, Trip and Fall Prevention Continuum

Education and training
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Who Needs Training?

• Major Stakeholders in Slip, Trip and Fall 
Prevention
– Architects
– Design and Construction
– Facility Managers
– Property Management
– Maintenance and Housekeeping
– Human Resources
– Risk Management & Safety
– Operations
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Hazard Identification

• Definitions: 
– “Slip resistant”
– “Slip resistance”
– “Slippery” 

• Characteristics of a “slip 
resistant” walkway surface

• Elevations and trip hazards
• Proactive design of walkway 

surfaces, ramps and stairs for 
STF prevention
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Liberty Mutual PtD Initiative-STF
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Hazard Detection:  Age and Vision

• Range of visual 
accommodation; visual 
detection of hazards

• Loss of contrast sensitivity 
(diabetes, other illnesses)

• Poor dark adaptation 
(slow/incomplete)

• Less color sensitivity
• Glare sensitivity (cataracts, 

reduced glare recovery >age 
50)
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What Is Slip Resistant?

• slip resistance, n—the relative force that resists the 
tendency of the shoe or foot to slide along the walkway 
surface. Slip resistance is related to a combination of 
factors including the walkway surface, the footwear 
bottom, and the presence of foreign materials between 
them.

• slip resistant, n—the provision of adequate slip 
resistance to reduce the likelihood of slip for 
pedestrians using reasonable care on the walking 
surface under expected use conditions.
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ASTM F1646-05e1, Standard Terminology Related to Safety and Traction of Footwear
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Slip-Resistance Standards 
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Slip-Resistance Standards 
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What Is “Slippery”? 

• Measured using a tribometer or slipmeter 
– <0.5 (relatively slippery), 0.5 - 0.6 (generally acceptable), 

>0.6 (relatively not slippery)
• Most studies show that people can walk comfortably 

and safely on surfaces with a coefficient of friction 
greater than 0.4, but 0.5 offers an additional safety 
factor*
– This is called a Slip-Resistant surface

• Wet or dry
• No mandated COF values. Recommended guidelines: 

ANSI, ASTM, US Access Board, OSHA*

* Miller, J. M. (1983). Slippery work surfaces: Towards a performance definition and quantitative 
coefficient of friction criteria. Journal of Safety Research, 14, 145–158
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Measuring Slipperiness: Tribometers

Horizontal Pull
Slipmeter (HPS)

ASTM F609
Output = “slip index”

English XL (VIT)
Output = “slip index”

Brungraber Mark II 
(PIAST)

Output = 
“slip resistance value”

Horizontal Pull
Slipmeter (HPS)

ASTM F609
Output = “slip index”

English XL (VIT)
Output = “slip index”

Brungraber Mark II 
(PIAST)

Output = 
“slip resistance value”
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Other Tribometers

American Slip MeterJames Machine
ASTM D2047 

and UL 410

British Pendulum Tester
TRRL Tester (BPST)

American Slip MeterAmerican Slip MeterJames Machine
ASTM D2047 

and UL 410

James Machine
ASTM D2047 

and UL 410

British Pendulum Tester
TRRL Tester (BPST)

British Pendulum Tester
TRRL Tester (BPST)

BOT 3000 
Universal Walkway Tester Brungraber Mark III

ASTM C1028 
Horizontal Pull 
Dynamometer

BOT 3000 
Universal Walkway Tester Brungraber Mark III

ASTM C1028 
Horizontal Pull 
Dynamometer



Proprietary and Confidential

17

Slip Resistance Standards 

• ANSI/ASSE A1264.2-2006, Standard for the Provision 
of Slip Resistance on Walking-Working Surfaces

• 0.5 dry only “slip resistance guideline” 
• Specifies HPS, Brungraber Mark II, Mark III and English XL

• ANSI/NFSI B101.1-2009 Test Method for Measuring 
Wet SCOF of Common Hard-Surface Floor Materials
– Includes wet SCOF values for High, Moderate and Low 

Traction
– “Approved” and “Recognized” tribometers

• ASTM F2508-11, Standard Practice for Validation and 
Calibration of Walkway Tribometers Using Reference 
Surfaces

•



Proprietary and Confidential

18

Flooring Selection

• Lobbies
• Restrooms
• Kitchens
• Cafeteria
• Stairs/steps
• General office
• Manufacturing
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Flooring
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Entrance Design and Mats
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Entrance Design and Mats
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Tripping Hazards

• Changes less than ¼ inch (6mm) in 
height may be without edge 
treatment

• Changes ¼ inch to ½ inch (6mm-
12mm) beveled with slop no greater 
than 1:2 (rise:run)

• Greater than ½ inch (6mm) ramp or 
stairway

• However, no raised areas should 
be permitted in main course of 
pedestrian travel (Maynard)

ASTM 1637, Standard Practice for Safe 
Walking Surfaces
2010 ADA Standards for Accessible Design, 
Chapter 3, section 303, Changes in Level
NFPA 101, Chapter 7, Changes in Elevation
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Parking Lots, Sidewalks, Curbs
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Florida Building Code Commentary
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Color and Visual Contrast

• ADA specifies that 
detectable warnings "shall 
contrast visually with 
adjoining surfaces, either 
light-on-dark, or dark-on-
light.” (70% contrast in light 
reflectance value LRV)

• Safety Yellow (ISO 3864, 
ANSI Z535.1) "most 
visually detectable“ (US 
Access Board Research)
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Stairs/Steps

• Missteps/loss of balance
– Over step, under step, air step
– Tread depth and ball of foot to land
– Average length of 95th percentile male foot is 8.25 

inches + 1 inch for shoes

Muybridge, 1955
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Treads

• “Steps and treads shall 
be of slip-resistant 
material” (NFPA 101)
– Extend whole tread
– Nosing strips okay

• Nosings shall extend not 
more than 1.5” (ADA-
ABA)

• Stairway tread marking-
strip width 1-2”

Design: Treads and Risers
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Design: Handrails

• When do you need?
– 1 or more risers except 

residential (check local 
and state codes)

– Tread width <44 inches 
one handrail on right 
side descending. Also, 
stair rail on open side 
but not both

– ≥44” handrails both 
sides and stair rail with 
hand rail on open side
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Design: Handrails

• Both sides of stairs, full 
length of stair 

• 60” wide; intermediate 
rail

• 34” high min. and 38” 
high max

• Extend 12” at top of stair, 
one tread depth from 
bottom step at bottom

• Hand rail 2 1/4” diameter
• Clearance 1 1/2 “ away 

from wall
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Design: Handrails

“Shape that is other than circular with a perimeter dimension of not 
less than 4 in. (100 mm), but not more than 6 1/4 in. (160 mm), 
and with the largest cross-sectional dimension not more than 2 
1/4 in. (57 mm), provided that graspable edges are rounded so as 
to provide a radius of not less than 1/8 in. (3.2 mm)” 

Source: NFPA 101 Chapter 7 Means of Egress, Stairs
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Stair Rails: Open Stairways

• Install a two-rail system; a top 
rail at 42 inches and a second 
handrail at 34 inches minimum 
and 38 inches maximum 
vertically above stair nosings 

• Protect the open area under 
the top rail to the stairway 
steps by installing a fixed 
barrier
– Fixed barriers preferred to 

balustrades
• Handrails both sides 

preferable; required right side 
only descending; stair widths 
<44 inches

Stair rail; not a handrailStair rail; not a handrailStair rail; not a handrailStair rail; not a handrail
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One and Two Step Entrances

• Avoid if possible (air steps 
common)

• Risers follow guidelines 
for stairs

• Possibly install hand rail
• Not ADA compliant-might 

need ramp
• Use safety yellow on step 

edges

LMRIS beforeLMRIS before

LMRIS afterLMRIS afterLMRIS afterLMRIS after
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Summary

• Same level falls remains a huge issue and prevention 
starts with design; public places and workplaces

• Prevention through Design is an important proactive 
approach to STF prevention

• Key stakeholders include Architects, Design and 
Construction and Facilities Managers all working 
together

• Building codes are vague on slip and trip design 
prevention and leave decisions to business owners

• Handrails; different guidelines on when, how many and 
design. Take most safe approach

• Safety professionals play an important role; educating 
key stakeholders and facilitating design improvements  
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