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Agenda

1. Introduction / Scope of the Problem
2. Same Elevation
3. Transitional Falls
4. Falls from Elevation
5. Questions
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Scope of the Problem

• 1 in 4 Americans aged 65+ falls each year (NCOA)
• Falls - 338 of 1,008 construction deaths in 2018 (OSHA)
• Falls are third leading cause of unintentional death (NSC)

Cost of medical treatment and work loss
Cost of claims and litigation
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Scope of the Problem
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Common Themes in Falls

• Personal injury
• Loss of balance / control / stability
• Change in person’s expectation
• Environment
• Aging population – balance, strength, control decreases

• Codes, safety standards, and scientific literature 
“frame” the issues
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Fall Types
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Same Elevation
Slips, Trips, and Falls
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Overview of Slips, Trips, and Falls

Slip:
• Sliding movement of the foot on floor surface
• Foot moves away from expected/planned position
• Typical Legal Issue: Slip Resistance of Floor
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Overview of Slips, Trips, and Falls

Trip:
• Arrest of the forward motion of the leg swinging forward
• Foot does not end up in expected/planned position
• Typical Legal Issue: Toe Clearance, Floor Obstructions
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Overview of Slips, Trips, and Falls

Stumbles, Missteps:
• Planned movement does not “match” environment 

(e.g. pothole, stepping off a curb) 
• Typical Legal Issue: Environmental changes
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Factors Affecting Liability 

Person-based 
• Physical condition (strength, range of motion, capabilities)
• Medical condition (e.g. sinus infection, vertigo) and/or 

medications (e.g. dizziness)
• Alcohol or drugs
• Footwear
• Haste
• Distractions
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Factors Affecting Liability 

Environment-based
• Weather (snow, ice, rain)
• Lighting
• Contamination
• Foreign Objects
• Slope / Uneven
• Elevation Changes
• Flooring Transitions

14



Case & Claim Considerations
• Site details are CRITICAL – inspect and document

• May be time-sensitive
• Secure physical evidence 

• Surveillance video
• Footwear
• Product (e.g. mats, ladder – if relevant) 

• Witness statements/testimony
• Medical records

• Injuries received 
• Statements to providers
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Case & Claim Considerations

• Early expert involvement
• Help understand the technical issues and how they affect the 

strategy of your case
• Photograph, measure, and test the site and relevant physical 

evidence
• Secure evidence – proper chain of custody
• Science-based investigation 
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Slip and Fall Mechanics
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Slip and Fall Mechanics

Fall Mechanics
• Feet out front, land on buttocks, hip
• “Splits” – land on trailing leg knee
• Component of fall to side is possible

Injuries - Head to Toe
• Outstretched arm and shoulder
• Hip 
• Low Back 
• Head/Brain injury
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Biomechanics of Walking

• Appears simple
• Highly complex interaction of purposeful movement with subconscious 

neuromuscular control 
• Characterized by portions of time where both feet are on the ground at 

the same time
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“A constant state of falling 
that is arrested by each successive step”



Biomechanics of Walking
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Stance Phase
Swing Phase
Double Support

1. Heel contact
2. Foot Flat
3. Roll Over
4. Push Off
5. Toe Off
6. Swing



Biomechanics of Walking
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Ground Reaction Forces

Ff → friction force
FN → normal force

Coefficient of Friction:
μ = Ff / FN

= Horizontal / Vertical



Coefficient of Friction
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Static Coefficient of Friction (SCOF)
• Horizontal force needed to just start an object in motion 

divided by vertical force (weight) of object



Coefficient of Friction
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Dynamic Coefficient of Friction (DCOF)
• Relative force required to maintain motion in a sliding 

body



Coefficient of Friction

• Required or Utilized Coefficient of Friction (COFR / COFU)
• Traction demand by person walking
• ≈ 0.17 – 0.25 (Redfern et al., 2001; Burnfield et al., 2005)
• Usually measured by force plates

• Available Coefficient of Friction (COFA)
• Property of foot/shoe – floor interaction
• Usually measured with tribometers

• Slip probability
• Increases when the Required COF exceeds the Available COF
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Coefficient of Friction - Tribometers
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English XLBrungraber Mark III

Horizontal Pull Slipmeter (HPS)

BOT 3000E

James Machine

American Slip Meter (ASM)

Wessex Pendulum
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Slip Resistance or COF of the Floor:  What number?
OSHA No standards that mandate a 

COF.
“a COF of 0.5 is recommended as a guide . . .”
(non-mandatory appendix (Appendix A to 
Subpart D) to a Notice of Proposed Rule 
Making on walking working surfaces)

ADA Accessibility Guidelines No quantitative requirement. Recommendations of 
0.50 (misquote of OSHA), 
0.6 (accessible routes for disabled), and 0.8 
(ramps)
(non-mandatory appendix)

ANSI A1264.2 
Provision of Slip Resistance on Walking/Working 
Surfaces 

No quantitative requirement. “suggests a slip resistance guideline of 0.5 . . 
under dry conditions”
(explanatory statement)

ASTM F1637 
Standard Practice for Safe Walking Surfaces

No quantitative requirement.

ASTM F1166 
Human Engineering Design for Marine Systems, 
Equipment, and Facilities

COF of 0.60 or higher . . . 
wet surface

No mention of method or equipment to use 
Language currently under review

ANSI A137.2 DCOF of 0.42 or greater on wet 
indoor tiles

Allows for DCOF < 0.42 with regular 
maintenance and cleaning

NFSI B101.1 + B101.3
Test Method for Measuring Wet SCOF / DCOF of 
Common Hard Surface Floor Materials

(SCOF)
Higher probability of slipping <0.40 → Lower probability of slipping >0.60
(DCOF)
Higher probability of slipping <0.30 → Lower probability of slipping >0.42



Coefficient of Friction

27

“Slippery as Ice!”



Coefficient of Friction
• Coefficient of Friction (COF)

• Many methods
• Many instruments
• Many shoe / floor combinations
• All methods have advantages and disadvantages that 

drive interpretation of the data
• Slip resistance science is constantly evolving

• SCOF vs DCOF
• Adhesion (dry),  “Sticktion” (wet), Residence time
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Claims/Litigation may require expert analysis to help 
understand technical strengths/weaknesses



Coefficient of Friction

• NO ONE can replicate conditions at time of incident!

• Goal(s) of COF testing:
• Establish relationship between standard test foot surface and floor surface 

under various conditions at time of testing
• Use test results as part of holistic incident analysis

29



Case Study #1: Slip and Fall

• PL attending wedding of family friend with several hundred guests
• Venue: ballroom with banquet tables, bar, and dance floor
• PL went to restroom, slipped and fell between bar and dance floor

30
https://www.engsys.com/media/1042-esi-case-study_slip-fall-at-reception_dmf.pdf

https://www.engsys.com/media/1042-esi-case-study_slip-fall-at-reception_dmf.pdf


Case Study #1: Slip and Fall
• Inspection / Testing

• Photographs & measurements
• Tribometer testing (BOT 3000E)

• Other factors that increase risk of slipping
• Flip-flops
• History of falls
• Alcohol consumption
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Condition Tables Bar Restroom Dance 
Floor

Dry 0.55 0.56 0.64 0.54
Wet 0.65 0.69 0.68 0.67

https://www.engsys.com/media/1042-esi-case-study_slip-fall-at-reception_dmf.pdf

https://www.engsys.com/media/1042-esi-case-study_slip-fall-at-reception_dmf.pdf


Trip and Fall
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Trip and Fall
FALL MECHANICS
• Swing foot stopped → fall forward, land on outstretched arms, torso, hip
• Swing foot slowed/altered – Fall forward 
• Attempted recovery step
• Stumble steps – large range of possibilities
INJURIES - Head to toe
• Outstretched arm and shoulder
• Hip, knee, ankle
• Low Back 
• Head/Brain injury
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Trip and Fall

• TOE CLEARANCE
• As little as ¼ inch at minimum
• Mid-swing
• Small obstructions can be a proximate cause for tripping
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Trip and Fall

• STANDARD (ASTM F1637, ANSI A117.1)
• 0 to ¼ inch No treatment necessary
• ¼ to ½ inch 2:1 bevel
• Above ½ inch Ramp necessary

35

These standards establish 
recommended obstruction 
sizes and treatment



Case Study #2: Trip and Fall
• Clubhouse at “55+” community in SW FL 
• PL walking into clubhouse from parking 

lot at midday in summertime
• No history of vision/medical problems
• Not distracted
• Passes under awning and while trying to 

split potted plants
• Trips on concrete pad

• 2.5” – 3.5” elevation change
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Case Study #2: Trip and Fall
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Case Study #3: Trip and Fall

• Wheelstop in ground-level parking garage
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Case Study #3: Trip and Fall

• Plaintiff Expert: Wheelstop not visible due to bright sun glare
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Case Study #4: Misstep and Fall

• Single step down in restaurant
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Case Study #4: Misstep and Fall
• ~6” single step (only one in restaurant)
• Gold handrail blended in with light wood
• Limited lighting at step
• Red/white caution tape – mixed signal
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Mats
• Purpose

• Remove moisture
• Remove dirt and debris

• Hazards
• Bunching
• Migration
• Flipped edges
• Beveled edges
• Thickness

42

Building/Premises owners need to inspect 
and maintain mats to limit liability



Mats
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Wiper Wiper-Scraper Scraper

Match the MAT to the FUNCTION



Mats
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Slip-resistant backing or secure to floorEdge Treatment 



Same Elevation - Summary
WHAT YOU NEED TO KNOW – Claims/Litigation

SLIPS
• Available COF typically much more than required (factor of safety)
• Slips often occur at a localized variation in COF
• Exact conditions at time of incident impossible to replicate
• Most injurious slips occurs at heel contact
• Other factors (footwear, fall history) increase risk of slipping

TRIPS
• Toe clearance can be as little as ¼ inch
• Perception of hazard can be critical (distractions)
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Same Elevation - Summary
WHAT YOU NEED TO KNOW – Claims/Litigation
• Main Accident Causes

• Slip resistance of floor / footwear
• Obstructions / elevation changes
• Distractions

• Site details and witness statements are CRITICAL!
• Accident Reconstruction

• Important for determining case strengths/weaknesses
• There is a scientific process
• Perception of hazard can be critical (distractions)
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Transitional Falls
Stairs, Ramps, Ladders, etc.
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Transitional Falls
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Transitional Falls - Stairs
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Transitional Falls - Stairs
• Stairs

• Slope - 35° - 48° slope (38° preferred)
• Rise – 7.5 - 8” max* / 4” min.*
• Tread – 11” minimum*
• Nosing - Slip resistant, visible
• Limited rise / run variance
• Uniform throughout any flight

• Handrail
• Present on both sides (when open edges)
• Height of 34 – 38* inches above tread nose

*Always check building codes for local requirements
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Transitional Falls - Stairs

• SINGLE STEPS
• ASTM F1637

• Three or fewer risers “shall be avoided where 
possible”

• Obvious visual warning cues when not 
avoidable

• IBC Chapter 10
• Use sloped surface for means of egress for 

change of elevation < 12”
• HSE

• Avoid single steps where possible 
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Case Study #5: Fall from Stairs

• 67 y.o. plaintiff attempting to place yard waste in dumpster
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Case Study #5: Fall from Stairs

• Poor condition
• No platform
• No handrail
• Dumpster overflowing
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Case Study #5: Fall from Stairs

54

• Post-accident replacement stairs



Transitional Falls

• Ramps
• Slope
• Top/bottom transition
• Handrails/guardrails

• Ladder/Stepstool
• Strength
• Stability

• Elevator/Escalator
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Transitional Falls - Ramps

• Ramps
• Means of egress 1:12 
• Accessible routes 1:12
• All other pedestrian ramps 1:8 
• Cross slope 1:48
• Landings at top and bottom
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Transitional Falls - Ladders

• Ladders
• ANSI A14
• OSHA 29 CFR 1910 Subpart D
• OSHA 29 CFR 1926 Subpart X
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Transitional Falls – Summary 

WHAT YOU NEED TO KNOW – Claims/Litigation
• Stairs / Ramps

• Codes and standards (IBC, ADA, ANSI, ASTM)
• Distractions / lighting / other human factors issues
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Transitional Falls – Summary 

WHAT YOU NEED TO KNOW – Claims/Litigation
• Ladders

• ANSI A14
• Stepladders do not structurally fail in normal use
• Failures - result vs. cause of accident
• Three points of contact
• Loss of balance due to set-up and use

• All feet not supported or ladder not fully open
• Standing too high, overreaching, excessive side load, slip/trip/misstep
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Falls from Elevation
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Falls from Elevation 
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Falls from Elevation

• Walking Working Surfaces
• Roofs
• Balconies / Decks
• Floor / Wall Openings

• Fall protection equipment
• “Toolbox talks”
• OSHA
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Basics of Falls - Summary

• Physical condition of plaintiff
• Footwear / clothing
• Attention / distraction
• Flooring
• Equipment
• Surrounding environment
• Weather and lighting
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Summary

• GRAVITY
• Never takes a break
• Never forgives a mistake
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Questions?

Dave Fortenbaugh, Ph.D.
Senior Staff Consultant – ESi

4775 Centennial Blvd
Suite 106

Colorado Springs, CO 80919

dmfortenbaugh@engsys.com

(719) 535-0400

mailto:dmfortenbaugh@engsys.com
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