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The slip, trip, and fall (STF) prevention t

OR SURFACE MINE WORKERS

Steps to Ladder Safety

days lost
per injury

mize wor
Design, install, o Slips can occur on indlines as little as 10°, NIOSH mining research has
eliminate fall shown diamond weave grating to provide the best slip protection.

Install ba
Prevent acce
and clearly id

Wear a tool backpack to
and down, ¥ avoid carrying tools in
o Y your hands.

Climb and ¢
Never jump fro
more than one

Always maintain three
points of contact.

Choose diamond weave
grating when possible.

- To learn m¢
To downloa ’ When walking downhill,

Use extra caution when
ice, grease, water, or other
debris is present.

To learn more visit
de.gov/niosh/mining @mn—:
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Safety and Health Topics
NIOSH researchers are actively working to help mining companies reduce slip,
Data & Statistics trip, and fall hazards in their work environments. The NIOSH Mining Program is
currently conducting two research projects related to slips, trips, and falls:

On This Page

What are Slips, Trips, and Falls?
Tools & Publications
+ To investigate and help identify and remediate fatal and non-fatal slip, trip,

and fall incidents, Background

News & Articles
« To help enhance situational awareness in underground mines through the
development of novel visual interventions.

Preventing Fall Fatalities

Research Program

This page provides recommendations and resources for preventing slips, trips, Preventing Slips and Falls from
Mining Links and falls in mining. Mobile Equipment

About Us Selection and Use of Grated Metal
Walkways

What are Slips, Trips, and Falls?

Related Topics
Slip: A slip occurs when the foot unintentionally slides on a walking or ~ Exed and Extension Ladder Safety,

working surface.

g;gt

Ergonomics and MSD Prevention
llumination and Cap Lamps for

2

N g® Underground Mining
NIOSH Homepage Trip: A trip occurs when the foot gets caught on an object or
Jy obstruction while walking Eootwear and Work Boots
NIOSH AZ g
D i~ Easy-to-use information
Workplace Safety & Health Topics «k Fall: Slips and trips can lead to falls, as can other hazards in the

mining environment. Falls can occur to the same level or to a lower

Other resources
level.

Publications and Products
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What are slips?

e Aloss of traction of the foot

* |f the foot slides, you slipped




What are trips?

 Something that prevents the foot from coming fully through
Its normal swing phase

* If the foot gets stopped/snagged, you tripped

N\ 0
N\




What really matters?

* Do all slips/trips lead to falls?
Yes / No

e |sitimportant if | slipped or tripped but did not fall?
Yes / No

o/




Types of falls

Fall to the same level Fall to a lower level

e Fall to surface you are * Fall to a level below which you are
walking/working/standing on walking/working/standing

* Fall against object at or above

the surface
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Surface mining is a hazardous occupation

118,257

Lost work
days

5,016

Non-fatal
Injuries

51,429

Days of
restricted
activity

Per year 2008-2017




Slips and falls are a significant contributor

Non-fatal injuries Fatalities
(surface mines) (surface mines)

2008-2017




Investigating fall fatalities at surface mines

Occupations

Primary

cause
Task

nerformed

Contributing
factors

Slip or Fall Fatality

2006-2015




Investigating fall fatalities at surface mines

Occupations

Primary

cause
Task

>

® Laborer
Contributing ® Equipment operator

nerformed

factors _
® Mechanic

® Truck driver
= Supervisor/foreman
Other

Slip or Fall Fatality

2006-2015




Investigating fall fatalities at surface mines

Occupations

Primary

\ Task cause

nerformed

® Maintenance & repair Contributing
factors

m Operations
® Installing/dismantling
® |[nspection

= Unknown/Other

Slip or Fall Fatality

2006-2015




Primary and secondary cause of fall fatalities

m Unknown
m Fall through opening
® Failure of ground/floor/equipment

m Fall from height m Fall through roof
= Fall from stairs/ladder = Slip
_ Unexpected movement
= Fall into water Ejected from/thrown off equipment

" Other 2006-2015



5 factors contributed to 75% of the fatalities

2006-2015

m Fall protection

®m Equipment related issues

m Operating procedure

m Barriers

® L ockout/tagout & blocking
Other



Recommendations based on NIOSH’s Hierarchy of Hazard Controls

Most
Effective Des.ign, install, or move equipment to eliminate or minimize
hazards associated with working at heights. Inspect and
maintain equipment regularly to prevent failure.
Move equipment or work to a lower height to minimize hazards.

Engineering Install guardrails and barriers to prevent access to hazardous
controls areas, especially around unguarded floor openings.

Estahllsh and use safe operating procedures when
wcrklng at heights and provide adequate training.
5u pply and use personal protective equipment
Least {PF'E] such as a personal fall arrest system.
Effective




Falls Can Kill!

Most
Effective Design, install, or move equipment to eliminate or minimize
hazards associated with working at heights. Inspect and
maintain equipment regularly to prevent failure.
Move equipment or work to a lower height to minimize hazards.

Engineering InstaII guardrails and barriers to prevent access to hazardous
controls areas especially around unguarded floor openings.

| Establish and use safe operating procedures when
working at heights and provide adequate training.

| Supply and use personal protective equipment
(PPE) such as a personal fall arrest system.

Least
Effective

Falls Can Kill!

Minimize working at heights

Design, install, or move equipment to reduce or
3 eliminate fall risk.

Install barriers

Prevent access to hazardous areas
and clearly identify hazards.

Use a personal fall arrest system
lise harnesses of the correct size, designed for
the task, and with substantial tie-off points.
Ensure you inspect, maintain, and are trained
10 use fall arrest systems.

Inspect and maintain equipment

Look for defects, fix damaged and improperly
madified equipment, and useé equipment as

intended.

Pay special attention
Be especially cautious during maintenance and

repair and installation, construction, or dismantling
activities.

To leam more, visit www.cdc.gov/niosh/mining

Daita besad on &N analysis of fatal incaants imestgated Ly MSHA betwean 2006 and
2015 involving slips and falls. To resd the full trade publication, please visit hitp

mesmenet ofg reacer.cim=webArticielD=2118



STF hazards in the work environment

Steps to Ladder Safety

Steps to Ladder
Safety

Ladder safety I

Simple solutions

STF hazard

STF taxonomy STF hazard list assessment

RRR stickers

STF checklist &

recommendations [l EréoMine 2.0




Steps to Ladder Safety

Most standards recommend:

1.

o> o B W N

Wearing appropriate shoes

. Cleaning the ladder

Inspecting the ladder
Facing the ladder

Never jumping off ladders

. Always using three points of contact

Steps to Ladder Safety
Each year, 121 miners

are injured on ladders.

days lost
per injury

Wear safe shoes
Wear shoes that have heels with
a defined front edge.

‘ Remove contaminants
e Clean debris, mud, ice, or grease from
! the ladder and from your gloves and shoes.

~ Inspect the ladder
Check for defects such as broken, loose, or
bent parts before climbing,

~ Face the ladder
Face the ladder when cimbing up
and down,

~ Climb and descend carefully
Never Jump from a ladder or climb
more than one rung at a time.

A Maintain three points of contact
When climbing, don’t carry anything In your
hands. Use a backpadck or shoulder strap
tor tools and personal items,

o To learn more, visit cdc.gov/niosh/mining
To download the NIO! Safety App, visit go.usa.gov/xRQH8
Repo 1a based o ar iatsl d SHA betwasn

njunes repoftad o W




STF hazard assessment at surface SSG mines

e We shadowed workers
* We observed their working environment 36 hours (~4 days) of
observation

Max: 73° F Snow
19%

Average: 52° F >
Dry

Min: 32° F 70%

RRRRRNRRRRRR AR
RRRRRNRRRRRR AR




Common STF hazards along the path of travel or on walkways

Solid debris

Step up/down

Number of times a hazard was encountered
during the 36 hours of observation




Common STF hazards along the path of travel or on walkways

Solid debris > Once every 3.8 minutes

Liquid contaminants ——— Once every 4.6 minutes

Change in level ———> Once every 8.3 minutes

Trip hazards > Once every 13.6 minutes
Snow/ice > Once every 16 minutes
Step up/down > Once every 16.5 minutes

Number of times a hazard was encountered
during the 36 hours of observation




We also identified common hazards on stairs and ladders

Tread issues

Compromised transitions

Ladders
(n=28)

Stairways

(n=185) Solid debris

Ladder rung issues

Liquid contaminants

n = number of times hazard was encountered during the 36 hours of observation




Just remember R-R-R: Report - Repair - Revisit ﬁ




ere are “Simple Solutions”

Visibility of Stair Edges

When the edges of stairs (nosing) are not clearly discernible, workers can misstep, trip, or fall. This is
especially true when descending stairs, and in conditions when ambient lighting is not ideal.

Risk Factors: poor visibility of walking surface

FOR SURFACE MINE WORKERS

Problem: When the edge of the stairs (nosing) is not

clearly visible, it can lead to trips, missteps, and falls. Malntalnlng Clear Walkways

When using a mechanical system such as a conveyor or belt to transfer materials, there is a potential for
some spillage, resulting in ¢ ination of neighboring walkways with debris or loose product. Spillage
of material into designated walking areas poses a significant risk for a slip, trip, or fall accident.

Risk Factors: contaminants on walking surface, poor visibility of walking surface

Solution: Clearly mark and highlight the edge of the
stairs (nosing) using caution yellow or other high-
contrast paint to increase the visibility of the nosing.

Additional Improvements: Increase ambient lighting to ensure visibility of all walking surfaces.
Additionally, install a high-contrast non-skid/non-slip plate or use abrasive paint to highlight the
nosing on stairs while increasing traction.

Problem: Spillage from conveyers and belts can
encroach onto neighboring walkways or paths of travel
and lead to a slip or fall. When wet, some materials can be
especially dangerous in that these materials may increase
the likelihood of slips.

Solution: Add a barrier adjacent to the walkways to
prevent spillage from entering walkways and causing
slips. For example, a toe plate added along a conveyor and
adjacent to the walkway could stop conveyor spillage
from entering the walkway. If the toe plate is brightly
colored and dearly marked, it helps prevent tripping
when working close to or under the conveyor.

AT SURFACE MINES

+ Additional Improvements: Fix spillage at the source to prevent it from collecting on the walking
surface.

A lot more than just STF issues: Prevention of musculoskeletal disorders
and overexertion injuries




There is an App for that... ErgoMine

ErgoMine ®

Erg@Mine

LT P i e ] NS g 1Ty
Mining Crgonomics AUt

Haul Truck

5 Bagging >
2f

~ Maintenance & Repair P

& Mining Ergonomics Audit

GETITON

. Go Og|e Play |

http://go.usa.gov/x90Qnw
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Ingress and egress systems

* Ingress - getting on
Ground — Cab

* Egress - getting off
Cab — Ground

* Includes
e Platforms
* Ladders
e Stairs




Ingress and egress from mobile equipment

Falls from all equipment Slips and falls from haul trucks
2006-2007 2004-2008

Fall from equipment injuries in U.S. mining: Identification of An Analysis of Injuries to Haul Truck Operators in the U.S. Mining
specific research areas for future investigation. (2009) Moore, S. Industry. (2010) Santos, B. R., Porter, W. L., & Mayton, A. G.
M., Porter, W. L., & Dempsey, P. G. Journal of Safety Research, Proceedings of the Human Factors and Ergonomics Society Annual

40(6), 455-460. Meeting, 54(21), 1870-1874.




Injuries during ingress and egress

N\
of all non-fatal injuries

most common activity at time of incident

INjuries per year

median days lost per injury

/

Based on an analysis of 20 years of MSHA non-fatal injuries data 1996-2015



We used two approaches to help corroborate evidence

Analysis of MSHA Interviews with
non-fatal injury data equipment operators

For front-end wheel loaders Any mobile equipment




Egress is more dangerous than ingress

N greSS Ingress
28%
VS
Egress

Activity at the time
of the incident

Based on an analysis of 20 years of MSHA non-fatal injuries data for front end loaders 1996-2015




Bottom rungs with flexible rails may contribute to the issue

m Ground

m Ladder (bottom rung)

® Ladder (2nd rung)

m Ladder (top rung)

® Ladder (rung unknown)

m Other

Location of the foot
at the time of the incident

Based on an analysis of 20 years of MSHA non-fatal injuries data for front end loaders 1996-2015




Poor ground conditions: Step on or step in

Look out for...

Hoses/pipes and
other materials

Rocks

® \ Uneven surface,
ruts and holes

Based on an analysis of 20 years of MSHA non-fatal injuries data for front end loaders 1996-2015




Contaminants: slips were common

Common

Contaminants

Based on an analysis of 20 years of MSHA non-fatal injuries data for front end loaders 1996-2015




Unexpected movement and equipment failure

Unexpected movement Equipment failure-
associated with blowing wind But not clear how it failed

< 8 s,
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Based on an analysis of 20 years of MSHA non-fatal injuries data for front end loaders 1996-2015




Themes from interviews and focus groups with mobile
equipment operators

: Features or : "
Portion of I/E " Superior : Conditions
process leading c:yrggcrlg ?g’aﬂci :1/ gE features of I/E ke ga_ﬁgmg e contributing to
to STF to STF systems STFs
‘Egress more A ‘Ladder design ) /Ladder design and ) Maintenance and (Ground conditions |
dangerous than and condition condition repair | « Weather
— Ingress  Flexible rails -« Rigidity>flexibility « Unlevel ground
* Backward vs. |+ Distance from —| * Stairs>ladder N J
_ forward ) ground » More tread depth ) .
» Traction | Disrepair of
(Gettinginand | * Bent/damaged \_ Y,  unrelated parts |
out of cab N r
| ing i - Traction (1 A
LCarmingens || (Gontaminants | Footweer
e On ladders and — Hk Meta_tarsal boots
- J platforms ‘[[ Lighting * Traction
* Muddy boots

- J




Summary of ingress/egress recommendations

* Provide a designated parking area that is well maintained and free of rocks, ruts, and
debris

* Increase illumination on and around the ingress/egress system
* Provide deeper Iadder treads W|th a non-slip Coatlng (similar to linings used on truck

bedf\\ D II'J ~ Il\ AAAAA ~ If\lﬁ+'Ff\lfM Y +Iﬂ f\"'ﬁ:l’f\ +I/'\h+ ﬂlll\ 1 I\lf\l\lfﬂ'l'f\lff\ +f\ laVYaYaYeaYeale +I"\I\ f\f\lf) Of

e 1o We 'ave'a more engaging way to

* Pro\

- condgisgeminatetheserecommendations

DeS|5|| UUVUUVIO dllu ULILITI 111uvauvic padl Lo LV YITVTIIL UTITAPTULTU 1HTUVCITITIHITL

* Ensure consistent rung spacing (even for the bottom rung)
* Ensure that adequate handholds are provided for the length of the ladder into the cab

* Provide backpacks or shoulder straps to carry tools, equipment, lunch bags, and water
bottles

* Use the “buddy system” to transport large items to the equipment




Easy to use recommendations in an interactive format ﬁ

Designing safe mobile equipment access

Click on the highlighted areas to learn more.

Lsest
ractices



https://www.cdc.gov/niosh/mining/content/humanfactorsandergonomics/design/ingress_egress.html

| can not predict the future, but | can tell you what we are
working on




Analysis of imminent danger orders

m Fall protection
m Safe Access

m Slip or fall of person
m Powered haulage
m Other

m Unsafe Act
® Inadequate Barricades, Guarding, or Signhage
Unsafe Condition

2010-2017




Studying the biomechanics of getting on and off ladders
with flexible rails




lllumination measurements on ingress/egress systems and around the perimeter
of mobile equipment before dawn

19
haul trucks

12
wheel loaders

38

mobile

equipment Cozets

excavators Ground below ¢, 4« step Platform
1st step
No equipment/task lighting 2.9 Lux 0.26 Lux 2.6 lux
motor grader
With equipment/task lighting 8.0 Lux 11.5 Lux 23.0 Lux

Recommended value for visual tasks is 100-200 Lux (10-20 fc)




More tools in the pipeline ...

Fall Protection: As Simple as A-B-C

840 of fall-related imminent danger orders issued by MSHA

were for using a personal fall arrest system incorrectly or not at all*

- )
Fall Protection: As Easy as 1-2-3

84% of fall-related imminent danger orders issued by MSHA

were for using a personal fall arrest system incorrectly or not at all*

“ @4 1. Select and Inspect
. Select a stable anchor and anchorage connector with
3 ‘adequate strength, a hamess size that fits your body, and
f a lanyard length based on lanyard type and fall distance.

Inspect your harness and lanyard for cuts, tears, or burn marks,
and remove damaged items from service.

2. Puton

Be certain your body harness includes
straps that distribute the fall arrest force
over your thighs, pelvis, waist, chest,
and shoulders.

The harness should be sized to fit
your height and weight and include
& D-fing on the back to attach to the
Ensure connecting device.
forat!

yoush

To lear

*Data from
Information i

3. Tie off

Secure the anchorage connector to the anchor,
then attach the lanyard or lifeline to the D-ring on your back. ’ Down Ioad On the . GET IT ON

Ensure that the anchorage connector cannot siide off.

e S App Store Ml P » Google Play |

arest system before working at heights.

To learn more, visit www.cdc.gov/niosh/mining

meuniRl * Dt from MSHA for the period 2010-2017 based on 1,057 imminent danger orders.




The slip, trip, and fall prevention toolkit for mining

Steps to Ladder Safety

days lost
per injury

OR SURFACE MINE WORKERS

mize wor
Design, install, o Slips can occur on indlines as little as 10°, NIOSH mining research has
eliminate fall shown diamond weave grating to provide the best slip protection.

instaliba  Eriction is your friend on inclined walk

Prevent acce
and clearly id

Wear a tool backpack to
avoid carrying tools in
your hands.

Climb and ¢
Never jump fro
more than one

Always maintain three
points of contact.

Choose diamond weave
grating when possible.

Lest

- To learn m Fractices,

To downloas When walking downhill,

= - e —
i i Use extra caution when
— = ice, grease, water, or other

debris is present.
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Slip, Trip, and Fall Prevention for Mining

Keywords: Falls frem heights Foot and leg protection Ladders

NIOSH researchers are actively working to help mining companies reduce slip,
trip, and fall hazards in their work environments. The NIOSH Mining Program is
currently conducting two research projects related to slips, trips, and falls:

« To investigate and help identify and remediate fatal and non-fatel slip, trip
and fall incidents.

» To help enhance situational awareness in underground mines through the
development of novel visual interventions.

This page provides recommendations and resources for preventing slips, trips,
and falls in mining.

What are Slips, Trips, and Falls?
[ ]

Slip: A slip occurs when the foot unintentionally slides on a walking or
working surface.

AN
N e
Trip: A trip occurs when the foot gets caught on an object or
- obstruction while walking.

P 75
Fall: Slips and trips can lead to falls, as can other hazards in the

mining envirenment. Falls can occur to the same level or to & lower
level.

Musculoskeletal injuries

Slips and trips

On This Page
What are Slips, Trips, and Falls?

Background

Preventing Fall Fatalities

Preventing Slips and Falls from
Mobile Equipment

Selection and Use of Grated Metal
Walkways

Fixed and Extension Ladder Safety

Ulumination and Cap Lamps for
Underground Mining

Footwear and Work Boots

Easy-to-use information

Other resources
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Questions?

Mahiyar F. Nasarwanji

MNasarwanji@cdc.gov
412-386-5113

STF prevention: http://go.usa.gov/xP7aN

NIOSH Mining Program - www.cdc.gov/niosh/mining

Disclaimer: The findings and conclusions in this report are those of the author(s) and do not necessarily represent the views of the National Institute for Occupational Safety and Health. Mention of any company or product does no

t constitute endorsement by NIOSH.
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