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What we will discussWhat we will discussWhat we will discuss What we will discuss 
todaytodaytodaytoday

Climbing, stepping, holding, Climbing, stepping, holding, 
moving at heightsmoving at heights

“Two hands and one foot 
then one hand and two feet
And so on ”And so on …..

New Rules on Grip 
D i  hil  F lli

“Only Two Point Control?”

Design while Falling



Goals of Three Point ControlGoals of Three Point Control

Gripping Gripping notnot leaningleaning
Contact
StanceGripping Gripping notnot leaningleaning

Holding Holding notnot touchingtouching
H d H d tt t h  th  b d  tt h  th  b d  t

Stance

Hand Hand notnot stomach or other body partstomach or other body part
Flat step or rung Flat step or rung notnot crevice for footcrevice for foot

To Help Assure Your Balance
A d St bilitAnd Stability



Fall Fatalities at Work USAFall Fatalities at Work USA
Source BLS/OSHASource BLS/OSHA

Fall Height v  % Fall DeathsFall Height v  % Fall DeathsFall Height v. % Fall DeathsFall Height v. % Fall Deaths
Under 6 ft           1%Under 6 ft           1%
U d  10 ft         9%U d  10 ft         9%Under 10 ft         9%Under 10 ft         9%
Under 15 ft         20%Under 15 ft         20%

18ft  30% fall deaths
Under 20 ft         34%Under 20 ft         34%
Under 25 ft         38%Under 25 ft         38%

18ft  30% fall deaths

Under 25 ft         38%Under 25 ft         38%
Under 30 ft         42%Under 30 ft         42%
U d  35 ft         50%U d  35 ft         50%Under 35 ft         50%Under 35 ft         50%

Roofers Union Analysis: 50% fatalities: Harness used but not attached
50% fatalities: Harness not used; 100% exposure



Fall Arrest can take up toFall Arrest can take up to 18 ft18 ftFall Arrest can take up to Fall Arrest can take up to 18 ft18 ft

Harness and 6 ft lanyard Harness and 6 ft lanyard attached at attached at Harness and 6 ft lanyard Harness and 6 ft lanyard attached at attached at 
waist level produces Free Fall of 7.5 ft waist level produces Free Fall of 7.5 ft 
and requires Clearance of 7 5 + 3 5 E/A and requires Clearance of 7 5 + 3 5 E/A and requires Clearance of 7.5 + 3.5 E/A and requires Clearance of 7.5 + 3.5 E/A 
+ 6 ft Height of operator + Harness + 6 ft Height of operator + Harness 
stretch = stretch = 18 ft18 ftstretch = stretch = 18 ft18 ft

R f  I t d ti  t  F ll Ref: Introduction to Fall 
Protection 4th edition, ASSE 2012
Fall Clearance Requirements: pp 
190, 215, 221, 231, 301-2



18 ft. Fall Arrest Clearance Diagram 
– Energy Absorbing LanyardEnergy Absorbing Lanyard

Measured from Anchorage Ht!

6’

4’ 1’

5’

Get those anchor 

5

2’Total = 18’
points as high as 

possible!!!

2Total = 18



Lower Falls have been ignored*!
6 ft E/A L d6 ft E/A Lanyard

%

%
Fatal 

Extends to 
Hit ground

Fatal 
Falls
USA 30%USA 30%

*ignored

ft18’

Cumulative data, Source: OSHA



Focus: Fixed and Portable LaddersFocus: Fixed and Portable LaddersFocus: Fixed and Portable LaddersFocus: Fixed and Portable Ladders
Hold Rungs or Side Rails?Hold Rungs or Side Rails?gg
Size of RungSize of Rung
Size of StepSize of StepSize of StepSize of Step
Side Rail SizeSide Rail Size

Note: Fall 
Protection Protection 
regulations 
apply at the pp y
governmental 
trigger points



LaddersLadders –– The RULE:The RULE:Ladders Ladders The RULE:The RULE:
Always Hold Rungs
Never hold side railsNever hold side rails

Think 
“Dynamic” Dynamic  

not 
“Static”!Stat c



Justin Young Ph.D. Thesis 2011Justin Young Ph.D. Thesis 2011
UMichiganUMichigan ((NIOSH funded)NIOSH funded)

d/ dh ld lHand/Handhold Decoupling Forces
Procedure:
1 Step on platform; secure 1. Step on platform; secure 
2. Hold overhead rung, rail, or grab bar as 

directeddirected
3. Lower platform (6”/sec -- 2-4 seconds)
4. Measure maximum force on rung to release

Note: Fast Fall Arrest System provided (SRL) 
Subjects M/F 50%; IRB Approved

Full Dissertation http://hdl.handle.net/2027.42/84452

Details and Tables by your SmartPhone



Adapted from Young et al, Human 
Factors Journal  Oct  2009

Perform simulated fall: Perform simulated fall: 

Factors Journal, Oct. 2009

Platform Platform and subject and subject 
are are lowered lowered slowly, no slowly, no 
impulseimpulse
(0 5 ft/sec)(0 5 ft/sec)(0.5 ft/sec)(0.5 ft/sec)

Posture passively Posture passively 
stabilizes stabilizes upperupper--limb limb 
joints joints joints joints 

Body weight provides Body weight provides 
external loadexternal load

SRL

1111



Three ExperimentsThree ExperimentsThree ExperimentsThree Experiments

Twelve subjects in each experiment Twelve subjects in each experiment Twelve subjects in each experiment Twelve subjects in each experiment 
(6 male , 6 female)(6 male , 6 female)

36 bj t36 bj t d f  i   d f  i   •• 36 subjects36 subjects measured forces in same waymeasured forces in same way

Different handholds for each experimentDifferent handholds for each experiment
•• Several RUNGS and RAILS (or Several RUNGS and RAILS (or siderailssiderails))

Size, orientation, friction, shapeSize, orientation, friction, shape



Three Experiments:Three Experiments: ResultsResultsThree Experiments: Three Experiments: ResultsResults

Compare the force applied by one Compare the force applied by one Compare the force applied by one Compare the force applied by one 
hand and the subject’s bodyweight hand and the subject’s bodyweight 
(can they hang on?)(can they hang on?)(can they hang on?)(can they hang on?)
•• <1.0 suggests “no”, <0.5 suggests “not <1.0 suggests “no”, <0.5 suggests “not 

even with two hands”even with two hands”even with two handseven with two hands



½ Fail

Negative Safety factor for vertical object handholds and 
non-round rungs
Women subjects selected had low upper body strength



½ 
Fail

Rails << Rungs Grip Strength 



<½!!!

RUNGS outperform RAILS! May not be able to 
support bodyweight with RAILS even with both hands!



In all three experiments, rungs significantly outperformed rails. 
Some rung designs performed poorly (plates, corners, large cylinders).



Result: RungsResult: Rungs SideRailsSideRailsResult: Rungs        Result: Rungs        SideRailsSideRails
In all three experiments, rungs significantly outperformed rails.



Applications: Roof Hatches 1Applications: Roof Hatches 1Applications: Roof Hatches 1Applications: Roof Hatches 1

Walk In and Walk In and 
Walk Out

PS Doors



Roof Hatches 2Roof Hatches 2Roof Hatches 2Roof Hatches 2



Portable LaddersPortable LaddersPortable LaddersPortable Ladders
Commercial

Residential
Walk-through design safer
Horizontal grab appears intuitive



Top view on Residential Top view on Residential ReRoofReRoofpp

Achieves 3 ft Projection (OSHA)
Add  3 ft t   P t bl  L dd

AES Raptor

Adds 3 ft to any Portable Ladder
Walk-Through each direction
C tibl  ith t St d OffCompatible with most Stand-Offs
Horizontal Grab Bars are reliable



Stair Rails:Stair Rails:
Continuous Sliding Grip PossibleContinuous Sliding Grip PossibleContinuous Sliding Grip PossibleContinuous Sliding Grip Possible

Two stair rails Hand 
required for Three 
Point Control 
height 42”  

Hand 
does not 
leave 
stair rail height 42 , 

44-60” apart
stair rail

No Hand 

Protection for falls down stairs: 

No Hand 
Obstruction

Two hands and one foot with 
alternating feet



Flatbed TrailersFlatbed TrailersFlatbed TrailersFlatbed Trailers

Flatbed Trailer AccessFlatbed Trailer Access
Locks into rubrail

Access with Access with 
Handhold



Tank Truck Tank Truck 
catwalkscatwalks

Two hands Two hands 
and one foot 
repeated repeated 
with each 
step …..

Three Point Control
step …..

Standfastusa.com



Summary:Summary:Summary:Summary:
Design Rules for Climbing:g g
All handholds should be horizontal
Footing should be flat and horizontalg
Never hold side rails of ladders

Application at Heights:
Always hold ladder rungsAlways hold ladder rungs
Hold stair rails 

Result: Fewer fall injuries & deaths



The Hotel Bathtub!The Hotel Bathtub!

Vertical Bar
Next to 

Vertical Bars Vertical Bar 
next to toilet

No Two Hotels the Same

shower 
head end

next to toilet

No Two Hotels the Same



BathtubBathtub
The Standard for 
Hotels in USABathtubBathtub

Each Hotel in the USA now 
has a unique arrangement 
f  G b B  i  

Hotels in USA

for Grab Bars in 
bathrooms:

Which is correct? Answer.…
A

Which is correct? Answer.…

A 6” Vertical slide for hand 
allowed. Grab Bar becomes 
lateral if step down occurs

A

B

C lateral if step down occurs

B Horizontal Grab Bar to 
leverage arm up from 

C

g p
either end laying in the tub

C Not put Bar (A) here 
where toilet obstructs exitwhere toilet obstructs exit



Questions/DiscussionQuestions/DiscussionQuestions/DiscussionQuestions/Discussion
Together we need to establish the proper g p p
shape criteria for “Three Point Control” 
– a horizontal grip is key
All industries need to redesign their handholds and All industries need to redesign their handholds and 
decide on Fall Protection Systems at lower heights

Ref. Three Point Control paperRef. Three Point Control paper
Professional Safety JournalProfessional Safety JournalProfessional Safety JournalProfessional Safety Journal
publication date: November 2012publication date: November 2012
J  Nigel Ellis: J  Nigel Ellis: dsc@FallSafety comdsc@FallSafety comJ. Nigel Ellis: J. Nigel Ellis: dsc@FallSafety.comdsc@FallSafety.com
302 571 8470 x121 302 571 8470 x121 



Slides provided to Nigel Ellis for Slides provided to Nigel Ellis for Slides provided to Nigel Ellis for Slides provided to Nigel Ellis for 
presentation on Three Point Control presentation on Three Point Control 
Analysis and Recommendations, Analysis and Recommendations, a ys s a d eco e dat o s,a ys s a d eco e dat o s,
Taken from:Taken from:

Young, JG (2011Young, JG (2011) ) Biomechanics Biomechanics of hand/handhold of hand/handhold coupling coupling 
and factors affecting the capacity to hang on. and factors affecting the capacity to hang on. Doctoral Doctoral 
dissertationdissertation  University of Michigan  Ann Arbor  MI University of Michigan  Ann Arbor  MIdissertationdissertation, University of Michigan, Ann Arbor, MI, University of Michigan, Ann Arbor, MI

YoungYoung, JG; Woolley, CB; Armstrong, TJ. (2010). Effect of , JG; Woolley, CB; Armstrong, TJ. (2010). Effect of gg, ; y, ; g, ( ), ; y, ; g, ( )
handhold orientation, size, and wearing gloves on the handhold orientation, size, and wearing gloves on the 
ability to hang on. (presentation) ability to hang on. (presentation) International Conference International Conference 
on Fall Protection and Prevention 2010on Fall Protection and Prevention 2010. Morgantown, WV. . Morgantown, WV. g ,g ,



Friction helps you hang on:



Friction helps you hang on:





Commercial Roof



Metric/English

1 cm  =  0.4 inches
25 mm =  1 inch
5.12 newton = 1 lbf


