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* [dentify the components of a proper personal fall arrest system (PFAS)
e Understand how to calculate total fall distance

* Recognize the OSHA requirements for anchorage points

* Understand the importance of an effective fall rescue plan



Fall Arrest System Design Factors
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* The purpose of a fall arrest system is to reduce

the risk of injury from an accidental fall to an
acceptable level.

* The risk of injury from a fall can never be
eliminated, only reduced.


Presenter
Presentation Notes
Why can’t risk of injury be eliminated?

Workers can strike objects below, swing into objects, be hurt by the harness or suffer medical issues due to suspension

With freedom of movement require to work there is always the chance of fall while wearing fall protection equipment

We reduce risk by reducing the distance that we may free fall
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* How far a worker falls before shock absorbing or
deceleration equipment begins to take effect

» Affects both impact forces and total fall distance

* Anchorage point location in relation to D-ring height
* Below the D-ring allows excessive falls
* Above the D-ring minimizes free fall to less than 6’


Presenter
Presentation Notes
Any time the attachment is below the D ring, the body will fall farther before the slack of the connector is taken up.
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e Even if you are using a fall arrest system, your body will
not be braked at a uniform rate - certain parts will
experience localized acceleration in relation to others.

* The duration and distance of your deceleration, and the
degree to which parts of your body are stressed,
depends on many factors including

* Weight

 distance you fall

* characteristics of the fall arrest system

* the orientation of your body at the onset of deceleration


Presenter
Presentation Notes
The rip out of shock absorbers; slide on a rope brakes; sag on a horizontal line; etc. will be dependant on the force applied to it by the speed and mass of the falling body.  Being caught vertically, horizontally or sideways will also affect the catch. 


Suspension AGG of America (4

* The Suspension Phase of a fall lasts until
you are rescued (assuming that you cannot
regain your footing without assistance).

* You may be unconscious or incapacitated in
some way.

* Your tolerance for suspension without risk
of serious or fatal injury is relatively short
especially if you are not in peak physical
condition.



Presenter
Presentation Notes
Suspension trauma is a medical issue discussed during the rescue section
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* Must be able to support a 5,000 |bs load.
* Must be properly inspected before use.

e Must limit the fall distance to 6 feet before
deceleration or harnesses must not exert more than
1,800 Ibs.

* ANSI requires no more then 900 |bs. of force on the
body


Presenter
Presentation Notes
OSHA 1926.502(d)
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* Impact Force to the Body Less Than 1800# (with a harness)
 Maximum 6’ Free Fall Distance

* May Not Hit Structures Below

* Maximum Weight of Individual w/Tools of as rated by manufacturer


Presenter
Presentation Notes
See 1926.502(d) and OSHA interpretations for additional guidance.
No body belts for fall arrest
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A full Fall Arrest System
consists of:
* An anchorage
e 2 lanyards
* a body harness

* When fall arrest is used
it must designed to be
used 100% of the time.

* You must utilize fall
protection while
installing fall protection
when ever possible.



Presenter
Presentation Notes
Discuss the first man up rule 


W‘A Of menca
S The 3 Most Important Questions 292Amerca &

1. How far will | fall before | am
completely stopped?

2. What will | hit on the way down?
3. How will they get me down?


Presenter
Presentation Notes
These questions must be part of a fall plan. They must be asked each time fall arrest is to be used.  If these questions cannot be answered satisfactorily, a worker should not be allowed to use fall arrest.


Impacting Structures Below (Total Fall Distance) * 865 Of f\[n?”ca \lrefu?s
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* Consider:
* anchorage point location in relation to D-ring height
lanyard length,
harness elongation,
shock absorber opening length,
body below D-ring
body viscosity (soft tissue injuries!)


Presenter
Presentation Notes
See interpretations for additional guidance.
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6’ Lanyard Length

.5’ Deceleration Device

B
|

\5/\’/Fr£m’ DI-:Ring to Total 18.5’

orker's Feet below
3’ Safety Factor (stretch, and;?r:ige
bounce, etc.) ———— P

All distances are approximate, and shown for illustration only. This is why it is critical to maintain the safety factor distance!


Presenter
Presentation Notes
See interpretations for additional guidance.
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5" From D-Ring to
Worker’s Feet

6’ Lanyard Length

3.5 Deceleration Device

5" From D-Ring to
Worker’s Feet

bounce, etc.)

All distances are approximate, and shown for illustration only. This is why it is critical to maintain the safety factor distance!

3’ Safety Factor (stretch,

Total 11’ travel
distance of d-ring
before fall arrest
takes effect. This
potential impact

force exceeds many
lanyard capacities
(and OSHA
standards).

When added to
“total fall distance”,
anchoring at the feet
can become
problematic



Presenter
Presentation Notes
See interpretations for additional guidance.
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Extended
Lanyard Length
Plus maximum
2’ extension
(usually within
inches)

6’ Lanyard Length

s

3.5’ Deceleration Device

Tie to anchor above Or use a retractable
the D-ring

Using an anchorage above the D-ring and a standard lanyard may still allow an
employee to fall a distance that may be difficult to rescue from. Using a retractable
minimizes forces on the body, and may make rescue easier (and therefore more timely)

All distances are approximate, and shown for illustration only. This is why it is critical to maintain the safety factor distance!


Presenter
Presentation Notes
See interpretations for additional guidance.
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Fall Distance Exercise

AGC of America |((@®y
THE ASSOWCIATED GEMERAL COMNTRACTORS OF AMERICA '-3"-""-"'

[ e
Building on Experience YEA RS

* These workers are tied
to the beams they are
standing on with choker
slings.

* How far will they fall?

e Calculate free fall
distance

e Calculate total fall
distance



Presenter
Presentation Notes
See interpretations for guidance
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* Anchorage
* Body
 Connector

=
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Presenter
Presentation Notes
A fall arrest systems requires many different pieces of equipment.
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* Must support 5000# per employee attached,

* Or as part of a complete personal fall arrest system which
maintains a safety factor of at least two

* Or 3000# when using fall restraint or a Self-Retracting Lifeline
(SRL, Retractable, or “yo-yo”) which limits free fall distance
from 2 —4.5 feet

* Should always be at or above D-ring height


Presenter
Presentation Notes
NOTE---HORIZONTAL LIFELINES---ONLY OPTION IS TWICE MAXIMUM ARRESTING FORCE – which will require some calculation, unless using a manufactured system in accordance with the manufacturers’ requirements


Roof & Deck Anchors
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Permanent
Anchors

Wood Roof
Anchor

Metal Roof
Anchor
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Beam clamps can make an effective anchorage when used properly, and with the
correct lanyard

BEAM
CLAMP

Be sure the beam clamp is tight
and will not slide off ends.



Presenter
Presentation Notes
Beam Clamps are specifically designed to meet the requirements of OSHA & ANSI as an anchorage point.

What happens when the employee reaches the next joist? He/she needs a second beamer to make the traverse over the joist end, otherwise will not be tied off 100% of the time. Also, some prefabricated building rafters/joists may not be suitable for the application of a beamer, as the flange is too thin to support the potential impact.  

The coped beam on the bottom right may allow the clamp to slide off.


= Anchorage Points
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 What if | don’t have an identified
anchorage point?
* Use a building structural beam

 What if | don’t know what force my
anchorage point will hold?

* Minimize the arresting force

* Engineers need time to do their work

— pre-planning is key!



Presenter
Presentation Notes
Anchorages need to be assessed by qualified persons


Wrapping Beams
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* Beams can be wrapped by:

o

Beam Wraps

W

Wrap-Around lanyards




Safe-T-Straps
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 Safety straps are effective simple
anchors in concrete construction.

* They slip over rebar and are them
embedded in the concrete.



Presenter
Presentation Notes
These are very effective on poured in place concrete. They are also very economical.  They MUST be imbedded in the concrete


Concrete Re-usable Expansion Anchors
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* Designed for vertical or overhead
surface applications Designed for
single user fall protection
applications.

A hole is drilled into cured concrete
and the anchor is insert

* Wedges tighten up against the hole

sides
‘-RNQ_{H



Presenter
Presentation Notes
CAUTION.  Springs can wear.  Holes need to be round. These anchors can come loose if not properly set.
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Shock Absorbers e

* The most common type of shock absorber is a rip-stitch pouch that is
attached integrally to a lanyard for fall arrest or a stitched lanyard.
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e Recommend as an
option to maintain 100%
fall protection while
moving where one
lanyard is hooked at all
times.



Presenter
Presentation Notes
Double lanyards should always be used as opposed to two individual lanyards into the same “D” Ring  
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* Very effective for
vertical applications.

* Will normally lock up
in 2 — 4.5 feet,
minimizing total fall
distance and impact
forces on the worker’s

body.



Presenter
Presentation Notes
Retractables must be used in accordance with manufacturers’ recommendations.  Some retractables cannot be used horizontally.  Many retractables must go back to the manufacturer for recertification on some schedule
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* Workers who move away from retractables [
. . i

are subject to swing falls. A
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* Retractables must be attached directly to f*“
the harness or a short D-ring extender -
Swng ol Hized 5
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Presenter
Presentation Notes
Swing falls can cause workers to strike other vertical surfaces and can over load retractables 

Lanyards should NEVER be attached to retractable.  The snap hooks are not compatible and it may cause over stressing.
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Safety Ropes st

* A rope grab fall arrester
travels on a lifeline and
will automatically
engage the lifeline and
lock to arrest an
accidental fall of a
person.




AGC of America (@

Sa f@ty Ro p es ~suilding on Experience YEARS

e Used in vertical and in
restraint systems.

* The lanyard used with the
rope grab fall arrester and
vertical lifeline must be no
longer than three (3) feet
and should contain an
energy-absorbing device.

Locking
Snap
Hook

Rope /
[ Grav s ol

Lanyard
with Shock
Absorber

Lifeline


Presenter
Presentation Notes
Discuss need for rope to reach lower surface of have a stop due to the potential of creep down the rope after a catch.


Horizontal Life Lines
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* Provide maneuverability.

* Must be designed, installed and
used under the guidance of a
qualified person

* This could be interpreted as requiring
the use of manufactured systems,
which is recommended



Presenter
Presentation Notes
502(d)(8) Shall be designed, installed, and used, under the supervision of a qualified person, as part of a complete personal fall arrest system, which maintains a safety factor of at least two.
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Anchorage 20
* Serve as anchoring lines that % A

are rigged between fixed
anchor points on the same
level.

* HLL designed to help
minimize the potential for
the dangerous “pendulum”
like swing falls.

* Should be positioned at a
height above the waist.
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2 Degree Sag Angle

72,000# § 72,000#

Anchor Loading Varies with Sag Angle of Horizontal Line

30 Degree Sag Angle

5,000# 3,000#

* The force transmitted through the line to the anchors is
dependent on the sag created by the line during a catch


Presenter
Presentation Notes
Appendix C (h)(6)
May be subject to greater loads depending on angle of sag.
When angle is less than 30 degrees, impact force impacted to the lifeline by an attached lanyard is greatly amplified.
Sag angle of 15 degrees = force amplification of 2:1
Sag angle of 5 degrees = 6:1
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* Inspect regularly


Presenter
Presentation Notes
Permanent horizontal lines need to be inspected regularly and maintained.
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Typical Horizontal Lifeline Installation

Span Length (100 Max)

o

(Lanyerd or Saif

r Tensicner Srap

Rope Tensioner



Presenter
Presentation Notes
Temporary line on a multi-story where walls are being built in place
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e What are the hazards?


Presenter
Presentation Notes
Hazards like:

Swing Fall

Not using the properly designed equipment

Sharp edges 

Over extension of retractable line




Presenter
Presentation Notes
Bridge horizontal systems must consider Total Distance Very Carefully when working over traffic.

System must be properly designed and installed as well as maintained per design instructions.  

Must meet Horizontal Guardrail requirements 


Body (Harnesses)
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* Need to be inspected frequently (daily before
use by the worker, at least monthly by a
Competent Person)

e Should never be modified

* Should be taken out of service immediately if
defective or exposed to an impact


Presenter
Presentation Notes

Note: Body belts are excluded as of 1/1/98
Note: If the personal fall arrest system meets the criteria and protocols contained in Appendix C to subpart M, and if the system is being used by an employee having a combined person and tool weight of less than 310 pounds (140 kg), the system will be considered to be in compliance with the provisions of paragraph (d)(16) of this section. If the system is used by an employee having a combined tool and body weight of 310 pounds (140 kg) or more, then the employer must appropriately modify the criteria and protocols of the Appendix to provide proper protection for such heavier weights, or the system will not be deemed to be in compliance with the requirements of paragraph (d)(16) of this section.
1926.502(d)(17) 
The attachment point of the body belt shall be located in the center of the wearer's back. The attachment point of the body harness shall be located in the center of the wearer's back near shoulder level, or above the wearer's head.
1926.502(d)(18) 
Body belts, harnesses, and components shall be used only for employee protection (as part of a personal fall arrest system or positioning device system) and not to hoist materials.
1926.502(d)(19) 
Personal fall arrest systems and components subjected to impact loading shall be immediately removed from service and shall not be used again for employee protection until inspected and determined by a competent person to be undamaged and suitable for reuse.
1926.502(d)(20) 
The employer shall provide for prompt rescue of employees in the event of a fall or shall assure that employees are able to rescue themselves.
1926.502(d)(21) 
Personal fall arrest systems shall be inspected prior to each use for wear, damage and other deterioration, and defective components shall be removed from service.
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Chest strap tightened
at mid chest

“D” ring between
shoulder blades

Proper snugness
shoulder to hips

Leg straps snug but
not binding

Sub-pelvic
(“Butt”) strap
supports the load

L |
I.I.-:-:

e Harness must be sized for the worker
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“Rules of Thumb”

* Be able to reach your D-
ring with your thumb

« Maximum Four (flat)
Fingers of Slack at the legs,
straps as high as
comfortably possible

* Ensure chest strap is
across the
chest/breastbone

* Have a buddy double
check for twists, etc...
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Spread load
across butt
strap and
belt strap if
on the
harness

Excess pressure here can
cut blood flow to the legs

Some studies have indicated permanent damage to the lower extremities when
the worker hangs for more than twenty (20) minutes
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Presenter
Presentation Notes
It takes 2 connectors to establish 100% fall arrest
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* Provide Access to the work area or working level but Prevent the Fall
* No regulatory reference.

* OSHA recognizes restraint.

* May be more suitable for loading areas, roof & deck work, etc.

e Should be installed and used under the supervision of a Competent
Person


Presenter
Presentation Notes
Restraint devices do not allow you get over the edge is set up correctly 

You have engineered out the chance of falling 

Not covered in fall protection standards because you can not fall.

OSHA only reference is a 1995 Letter id Interprtation 
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* Fall restraint assumes the
employee cannot reach the edge.

* He is basically on a short leash.

* If the employee could reach to the
edge and fall over the edge, he
must be in fall arrest.
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Assumes the fall will occur

*Assumes adequacy of the
system (or requires testing



Presenter
Presentation Notes
Test after installation, or certification by competent person – do you want to become liable for that system by signing off on it?
Ensure that employees cannot contact lower levels or net support structure
Even if employees do not hit deck or steel, a thirty foot (allowable) fall into a net can still cause injuries
Inspect for debris
Ensure that employees cannot contact lower levels or net support structure


Safety Nets
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Fall Rescue
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* There must be a plan to
retrieve or rescue a fallen
worker.

* You may not be able to only
rely on 911.

e



Presenter
Presentation Notes
Under 29 CFR 1926.502 (d) (Fall Protection Systems Criteria and Practices), OSHA requires that employers provide for "prompt rescue of employees in the event of a fall or shall assure that employees are able to rescue themselves." 
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* If the body is suspended
motionless for too long a time
(such as after a fall), the heart
muscle can become dormant and
blood will not circulate through
the lower extremities.

* This dangerous condition, called
venous pooling, has important
implications for selection of a
body support and design of
rescue systems.



Presenter
Presentation Notes
Pooled blood in the legs is ‘stale’ after 10-20 minutes
Drained of oxygen, saturated with CO2
Loaded with toxic wastes (from the fat burning process)
Re-elevating the legs returns this to the rest of the body in a massive flood
Heart can be stopped
Internal organs (especially the kidneys) can be damaged

If self-rescue is impossible, or if rescue cannot be performed promptly, the worker should be trained to "pump" his/her legs frequently to activate the muscles and reduce the risk of venous pooling. Footholds can be used to alleviate pressure, delay symptoms, and provide support for "muscle pumping." 
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General feelings of unease

* Dizzy, sweaty and other signs of ’
shock '

* Increased pulse and breathing rates

Then a sudden drop in pulse & BP

Instant loss of consciousness

If not rescued, death is possible

* From suffocation due to a closed
airway, or from lack of blood flow
and oxygen to the brain.



Presenter
Presentation Notes
Early effects are from distributative shock, and develop within a few minutes. Timings are given in a later slide.

The fainting process is instant – a test performed by the Suspensiontrauma.info medical staff asked fit and uninjured students to hang in a harness and count upwards, paying them money if they counted highest and remembered the number. They fainted almost between one number and the next, and of 50 volunteers only two remembered a number, but both were wrong.
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e Uninjured volunteers felt dizzy in as little as 3
minutes

e Typically 5 to 20 minutes

* Loss of consciousness in as little as 5 minutes
e Typically 5 to 30 minutes

It is difficult to put a timeline on the process, however from research it is
clear that death is a potential and is
more rapid with existing injuries but can happen to anyone.
Anyone immobilized in an upright posture
is in immediate danger


Presenter
Presentation Notes
This should include identifying rescue procedures that address the potential for orthostatic intolerance and suspension trauma. 
Rescue procedures also should address how the rescued worker will be handled to avoid any post-rescue injuries.

If the worker is unconscious, keeping the worker’s air passages open and obtain first aid. 
Monitoring the worker after rescue, and ensuring that the worker is evaluated by a health-care professional.
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e Self Rescue

e Assisted Rescue
* Professional Rescue
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* Type of fall that may occur

* What work surface the victim may fall from

* Potential of injury during the fall and catch

* How equipment utilized will affect the catch

* How far below the fall surface the victim may end up


Presenter
Presentation Notes
Height of potential fall victim location�Access to the fall victim from lower level, parallel level or from above�Estimated time to rescue based on location�Type of rescue access available - Lift, ladder, high angle rope, etc.�Capability of local rescue services�In-house rescue and training�Post suspension treatment�
Anyone released from immobile suspension should be kept in a sitting position for at least 30 minutes
�
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* Height of potential fall victim location
e Access to the fall victim

* Estimated time to rescue based

e Type of rescue access available

* Capability of local rescue services

* In-house rescue and training
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e Pull tab to deploy

* Insert foot into loop step and
adjust

* Ability to stand allowing improved
circulation

* Two Relief Steps provide added
support, balance and comfort

ﬁ"
i



Presenter
Presentation Notes
These devices are designed to allow a worker who is not hurt after a catch to relief some of the stress of harness straps by being able to step into a loop or foothold that can be dropped from the harness.  However, these can be difficult to deploy and actually get into if the worker is hurt or in some other way incapacitated.

http://www.millerfallprotection.com/images/stories/accessories/large/pull_tab.jpg
http://www.millerfallprotection.com/images/stories/accessories/large/insert_foot.jpg
http://www.millerfallprotection.com/images/stories/accessories/large/stand_up.jpg
http://www.millerfallprotection.com/images/stories/accessories/large/use_two.jpg
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