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Fall protection safety at heights 

 

ÅTraining Objectives: 

ïPhysics of fall arrest 

ïFall Protection Hierarchy of controls  

ïFall Protection PPE  

ÅANSI Manufacturing Updates  

ïRescue Concerns / Considerations 

 



Physics of falling & suspension 

5 phases of a fall   
1. Onset of fall  

Å Accidental fall starts when you first experience 
the fall hazard and ends the instant you lose 
control over your stability.  

Å Likely to be only a few tenths of a second 

Å Time period of onset may be affected by your 
posture at the instant you encounter the fall 
hazard  

 



Physics of falling & suspension 

  

2. Free fall. 

Å Subjected to the forces of gravity 

Å Body will accelerate until such time you 
strike an object 

Å Mass x acceleration 

Å Body cannot move in a coordinated way 



Physics of falling & suspension 

3. Deceleration 

Å If you are not protected by a PFAS and you 
strike a concrete floor that has very little 
άƎƛǾŜέΣ ȅƻǳ ǿƛƭƭ ǳƴŘƻǳōǘŜŘƭȅ ōŜ ǎŜǾŜǊŜƭȅ ƻǊ 
fatally injured  

Å Energy absorbing lanyard permits the 
dissipation of built up energy over time and 
distance 



Physics of falling & suspension 

4.   Rebound 

Some or all of the parts of a personal fall arrest system 
have a degree of elasticity- elastic deformation - 
temporary.  

Å Some components will stretch and nearly return to 
ƛǘΩǎ ƻǊƛƎƛƴŀƭ ŦƻǊƳ 

Å Part of the stretch may be what is called plastic 
deformation.-   permanent  

Å Bounce in the system could cause additional forces 
& injury 

 



Physics of falling & suspension 

5. Suspension 

Å You will remain suspended until rescued 
during the suspension phase.  

Å You will not be able to perform a self-rescue 
in all cases.  

Å During suspension in such a condition, your 
swift rescue is extremely important  
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What Happens in a Fall with a 1.8 m 

(6 ft) lanyard? 

Suspend 

Rebound 

Impact 

Slight Movement 

Start to Move 

Aware 

Unaware 

Physical 

Response 

9.75 m/s (32 ft/s) 4.9 m (16 ft) 1.0 sec 

 

8.84 m/s (29 ft/s) 3.96 m (13 ft) 0.9 sec 

7.01 m/s (23 ft/s) 2.41 m (7.9 ft) 0.7 sec 

5.97 m/s (19.6 ft/s) 1.83 m (6 ft) 0.61 sec 

4.88 m/s (16 ft/s) 1.22 m (4 ft) 0.5 sec 

2.13 m/s (7 ft/s) 20.3 cm (8 in) 0.2 sec 

1.0 m/s (3.3 ft/s) 5.1 cm (2 in) 0.1 sec 

Velocity Free-Fall Distance Time 
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How High Can You Go Before You are Afraid 

of Falling? 

> 4.0 m 

 

4.0 m 

3.5 m 

3.0 m 

2.5 m 

2.0 m 

1.0 m 

Height __% of people who fall  
from > 3.4 m (11 ft) die é.. 



Fall Hazard Assessments/Analysis 

 

ÅUse Site Fall Hazard Assessments to 
understand the fall hazards of an identified 
area. 

ïJob Site Assessment 

ïJob Hazard Assessment 

ïTool box / tailgate talk 



Hazard Assessment Exercise 
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Solution Choices 

ÅUse the Hierarchy of Control 

ï1.  Elimination or substitution  

ï2   Passive fall protection 

ï3.  Fall restraint (travel restraint) 

ï4.  Fall arrest 

ï5. Administrative Controls 

 

ÅEach choice has its place and time 



Fall Protection Hierarchy of Controls 
 

1. Elimination or substitution  

       Removing the hazard or hazardous work 
practices. 

 

Examples: Elevated work platforms, remote 
tools, lowering the work or task to the 
ground. Change a process, sequence or 
procedure such that a worker does not 
approach the fall hazard 

 



Fall Protection Hierarchy of Controls 
 

2. Passive fall protection 

Isolating or separating the hazard or hazardous 
work practice from the worker. 

 

Examples: Installing guard rails, Stairways, 
netting ς vertical and cantilevered 

 



Fall Protection Hierarchy of Controls 
 

3. Fall restraint (travel restraint) 

Securing the worker to an approved anchorage 
using a lanyard short enough to prevent the 
ǇŜǊǎƻƴΩǎ ŎŜƴǘŜǊ ƻŦ ƎǊŀǾƛǘȅ ŦǊƻƳ ǊŜŀŎƘƛƴƎ ǘƘŜ 
fall hazard. 

Examples: Restraint Lanyard or energy 
absorbing Lanyard anchored above the 
worker over head and behind or on the 
walking surface. 

  



Fall Protection Hierarchy of Controls 
 

4. Fall arrest  (PFAS) 

A system designed to stop a worker after the on 
set of a fall. 

Example: An energy absorbing lanyard connected 
to an approved anchor connector and 
connected to full body harness 

 



Fall Protection Hierarchy of Controls 
 

5. Administrative Controls 

Work practices or procedures that signal or warn 
workers to avoid approaching a fall hazard. 

 

Examples: Flat or sloped roof control zones, 
warning lines, training, lights, sounds and/or a 
ƳƻƴƛǘƻǊ ǿƘƻΩǎ ǎƻƭŜ ŦǳƴŎǘƛƻƴ ƛǘ ƛǎ ǘƻ ǿŀǘŎƘ ŀƴŘ 
warn when anyone is approaching unguarded 
leading edge or lines. 
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ÅFall Restraint System 

ïUsed with a fully body harness and anchorage 

ï1000 lbs anchor per person attached  

 

Fall Prevention Options ï  

Fall Restraint 



© MSA 

Fall Protection Options ï  

Personal Protective Equipment 

Å Full Body Harness 

Å Connectors 

Å Energy Absorbing Lanyard 

Å Self-Retracting Lanyard 

Å Vertical Lifelines 

Å Ladder climbing systems  

Å Anchor connectors 

Å Horizontal Lifeline 

Å Anchorage point 

 

Å These all have specific design and performance requirements ï 

some are established, and some must be engineered. 

 



Personal Protective Equipment ς  
Full Body Harness 

Å Materials 
ÅNylon, Polyester, Nomex/Kevlar 

 
Buckles 
ÅSecure-Fit, Qwik-Fit, Tongue 

buckle 

 
Accessories 
ÅShoulder, Back Pads 
ÅRFID 
ÅWaist Belts, Saddle 

 



Personal Protective Equipment ï  

Full Body Harness 

ÅD rings  
ïBack D-ring for fall arrest 

ïFront D-ring for 

rescue/evacuation 

ïSide D-ring for positioning / 

restraint 

ïShoulder D-ring personnel 

riding 

 

ïKevlar for hot work/welding 

ïASTM 887 for Electrical  

 

ÅWhat about Body Belts? 



    Full body harness   

Permanent visual load 
indicator  (Pucker Stitching) 

ÅFall arrest indicator 
activates to give a 
permanent, readily 
visible warning  

ÅTears at approximately 
2kN  or  450 lbs-F 



    Full Body Harness   

Permanent visual load 

indicator  (Pucker Stitching) 

 

ÅLocated below dorsal D-Ring 

Å1-2 may be present  

ÅMust be removed from service if 

deployed 

© MSA 2014 



Personal Protective Equipment ς  
Connectors 

ÅConnectors -- 

ïDouble locking snap 
hooks 

ïDouble locking 
Carabiners 

ïSelf Closing  

ïSelf Locking  

 

 



 Connectors 

ÅANSI Z359.12 - 2009 

 

ÅGate strength must be 16kN /3600 
lbs.  

 

ÅMust be 22.2 kN / 5000 lbs. static 
load strength 

 



Connectors 

Roll Out 

ÅA process by which a 
snaphook or carabiner 
άǳƴƛƴǘŜƴǘƛƻƴŀƭƭȅέ 
disengages from another 
connector or object to 
which it is coupled. 

 

 



Incorrect Connector Application 

../../../My Documents/My Pictures/Rescue at peetz/DSC01255.JPG


Energy Absorbing Lanyard 

ÅEnergy Absorbing 

Lanyard 
ïEnergy absorber pack / 

Internal energy absorber 

ïFixed / Adjustable length  

ïWebbing / Cable / Rope  

 

ïTie back connectors  

ï6ô free fall  

ï12ô free fall  

 

 

 



Energy Absorbing Lanyards 

ÅA system of approved 
connectors, the lanyard itself 
& and integral energy 
absorber 

ÅCan be single leg, twin leg 

ÅWire rope, webbing or 
braided rope 

ÅAdjustable in length 

ÅCan be used as travel restraint 

 

 



Energy Absorbing Lanyards 

ÅNever connect two lanyards 
together 

ÅNever tie a knot in the lanyard 

ÅProperly stow an unused leg of a 
twin leg lanyard 

ÅTwin-leg use has the potential 
for high fall arrest forces when 
both lanyard legs are connected 
simultaneously 

 

 



Energy Absorbing Lanyards 
Allowing 12 ft Free Fall 

 

    

Personal energy absorbers are divided into two distinct classes: 
ï       6 foot free fall 

ï       12 foot free fall 
 

ÅThe capacity for both classes of personal energy absorbers 
remains within the range of 130 to 310 lbs. 

What does ANSI Z359.13 ï 2009 state? 

  



Fall Protection Background ï  

Forces 

ÅMaximum Average Arresting Force 
ï Force on the body caused by stopping a fall 

ï Maximum peak arresting force is 1,800 lbs by law (OSHA) 

ï Force causing serious body damage 2,700+ lbs 

 

Å6 foot free fall lanyards 

ïMAAf 900 lbs / 1,125 lbs (tested wet/cold) 

ïMax deceleration distance 48ò     
(Increased from 42ò, older ANSI Z359.1) 

 

Å12 foot free fall lanyards 

ïMAAf 1,350 lbs / Max 1,575 lbs (tested wet/cold) 

ïMax deceleration distance 60ò  

 



Self-Retracting Lanyard 

ÅMinimizes free fall distance 

ÅAllows vertical mobility 

ÅContains visual load/Fall 
indicator 

ÅWire rope or Nylon webbing 

ÅMAF of 900-1800lbs with 
integral shock absorber  

Å{w[Ωǎ ǿƛǘƘ ǊŜǎŎǳŜ 
capabilities  



Self-Retracting Lanyard 

ÅANSI Z359.14 ς 2012  
ÅClass A SRL  
ïaŀȄƛƳǳƳ ŘŜŎŜƭŜǊŀǘƛƻƴ нпέ 

ÅClass B SRL  
ïaŀȄƛƳǳƳ ŘŜŎŜƭŜǊŀǘƛƻƴ рпέ  

ÅLeading Edge (LE-SRL)  
ïInline shock absorber next to user 

ÅFactory Recertification 
ïBased on frequency of use  from 

first date of service 



Self-Retracting Lifelines                      

ANSI Z359.14 (2012) 

© MSA 2014 
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Personal Protective Equipment ï  
Vertical Lifeline 

ÅVertical Lifelines 

ÅRope Grabs / Fall Arrestors  
 



 

Vertical Lifeline ς Fall Arrester 

 (Rope grabs) 
ÅEngages a vertical lifeline in   

vertical or sloped plane  

ÅCan be moved along the lifeline in 
accordance with the position of the 
worker; and 

ÅAutomatically engages on the 
lifeline in the event of a fall in order 
to arrest the fall. 

© MSA 



 Vertical Lifeline  
-  Manual Fall Arrester 

  
ÅLocked on a synthetic lifeline line  

ÅRequires a manual action by the worker 
to displace it along the line  

ÅConnected to the dorsal attachment 
point of a harness  

ÅRemains engaged on the lifeline if 
released or held beyond its non-engaged 
position (panic grab feature). 

© MSA 
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ÅLadder climbing devices are the 
preferred system to protect 
permanent ladders.  

ÅRigid Rail and Flexible Cable Systems 

ÅA minimum length connection is 
attached to the D ring 

ÅLimiting free fall distances to < .6 m 
(2 ft) reducing your impact forces 

 

 

 

  

   Fixed Ladder Climbing Device 
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Anchorage Connectors  

ÅCharacteristics 

ïTemporary   

ïPermanent 

ïAvailable for routine work 

ïEasy to use 

 

Å Mobility Requirements  

Å Capture/Couple the Anchoring structure  



Anchorage Connector 
 

ÅCompatible with PFAS 22kN 

(5000 lbs) 
ÅEye bolts 

ÅTripods 

ÅBeam trolleys 

ÅFixed and travelling beam clamps 

ÅTie-off adaptors 

ÅConcrete anchorage connectors 

ÅWedge anchorage connectors 

 



Anchorage Connector 

ÅPenetrating & non 
Penetrating 

ÅFriction anchor connectors 

ÅBallast Anchor Connector 
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Anchorage Connectors 

ÅHorizontal Lifelines 
ïRequires a Qualified Person for 

engineering or anchorage certification 



 

ïSynthetic Rope with Tensioner 

ïWire Rope with turn buckle & thimble eye clamp 

Horizontal Lifelines -
Temporary  



ÅImproves user horizontal mobility 

ÅUse for fall arrest, positioning or restraint 

Å100% continuous fall protection 

ÅProvides additional vertical mobility  

ÅGenerally have an inline energy absorber 

ïUse with energy absorbing lanyard 

ïUse with Self Retracting Lifeline (SRL) 

 

Horizontal Lifelines 

Purpose 



ÅForces generated in HLL sub system tend to be 
large 

ÅThey are generated on the vertical and 
horizontal axis 

ÅGenerate maximum deflection at the point of 
Maximum Arresting Force (MAF) generation 

ÅIn line energy absorbers reduce anchorage 
requirements to below 22 kNs (5000 lb) 

 

 

Horizontal Lifelines  

Applied Forces 



ÅFollow instructions regarding lifeline tension 

ÅMost systems require hand tensioning and 
adjustment by turnbuckle 

ÅOver tightening results in: 

ïEnergy absorber deployment 

ïHigher end anchor loads 

ïHigher MAF 

ïGreater rebound after fall 

 

Horizontal Lifelines  

-Tension  



Anchorage 

A fixed structural member such as a 
post, stanchion, beam, girder, column, 
floor or wall required for the stability 
and other purposes of the structure 
itself.   



Fall Protection Background ς  
Anchorage Points 

 

ÅWho specifies the anchorage point? 

ïCompetent person  
ïNon-certified anchorage point 

ï22 kN (5000 lbs), per person attached  

 

ïQualified person 
ïCertified anchorage point 

ïDesigned with a safety factor of at least two (MAF), per 
person attached  
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Fall Protection Background ï  

Personal Protective Equipment 

Å What all do we consider before using PPE? 

ï Free-Fall Distance 

ï Maximum Arresting Force 

ï Anchorage Point Strength and Location 

ï Total fall distance / Clearance calculation 

Strength and Location 

Type of PPE Desired 

Best combination for the 
Work at Heights task 
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Free Fall Distance:  FFD 

FFD =  hD + L ï H                                                                                                                                                                                                                                                                     

Total Fall Distance:  TFD 

 TFD = FFD + DD + HEFF + VEL + SF                                                                                                                                                                                                                                                                     

H 

hD 

C 

L 

DD 

VEL 

HEFF 

Total Fall Distance Calculation 
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Fall Protection -- Rescue Plan   

ÅEach time PPE is used, there must be a 

rescue plan! 

ïYou must be able to rescue someone in a 

minimum amount of time. 

 

ïDefine the plan during the Hazard and Risk 

Prediction. 



Suspension Trauma 

 Orthostatic incompetence  (intolerance) 

John Doe on parade 

 

Å Blood pools in the legs 

Å Venus pooling 

Å Brain detects low O2 

Å Cardiac output increases 

Å Brain O2 still falls 

Å Emergency response: 

ïPulse drops 

ïLoss of consciousness 

ïJohn falls over 

ïBlood flows back to brain 

Å John wakes up. 

 

John Doe in suspension 

 

Å Blood pools in the legs 

Å Venus pooling 

Å Brain detects low O2 

Å Cardiac output increases 

Å Brain O2 still falls 

Å Emergency response: 

ïPulse drops 

ïLoss of consciousness 

ïJohn CANNOT fall over 

ïBrain function decreases 

Å John never wakes up. 



Fall Protection - Emergency Rescue 

Plan 

 

 

ïHow many people who may need rescue or evacuation? 

ïWhat is the elevations from which rescue or evacuation will be 

needed? 

ïWhich direction (up or down) must be used for rescue or 

evacuation? 

ïWhat anchorages for personal fall arrest systems may be used for 

rescue or evacuation? 

ïWhat independent anchorages for a rescue or evacuation may be 

used? 

 



Rescue Equipment 

ÅFull Body Harness 

ïDesigned for Rescue 

ïAllows longer suspension 



Rescue Equipment 

ÅSRLôs 

ïEmergency  Retrieval capabilities 

ïReset from Retrieval to  Fall Arrest 

ÁHoists 

ÁLifting, Lowering, Positioning of 

personnel and equipment 

 

84 



Pre-Rigged haul System 

ÅUse the rescue utility kit 

ÅTelescopic remote pole 

Å4:1 mechanical advantage 
pulley system 

ÅRemote Connector 

 


