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CONSTRUCTION & MINING EQUIPMENT INDUSTRY GROUP

ADVISORY NOTICE

Disclaimer: CMEIG is a non-profit organisation sponsored by companies involved in the supply of
products and services in the construction and mining equipment supply industry in Australia. This
document has been prepared by members of CMEIG and is distributed by the Association. This
information is provided for guidance only and no legal liability can be accepted by the Association for its
use. CMEIG advises that you should seek appropriate specialist advice for your solution.

40 PSI Glass and Operator Protective Structures on Large Dozers

CMEIG has recently received a number of inquiries regarding ‘40 psi glass’ as fitted on large mining
bulldozers used in stockpile applications. The specific inquiries are typically focused on what actually is ‘40
psi glass’, why a pressure of 40 psi, and how that pressure value is actually validated.

History

The requirement for 40 psi glass is found in a number of international regulatory instruments and has also
been transferred across to various commercial specifications for bulldozers operating in stockpile or surge
pile applications, where a significant risk of engulfment exists. By way of example, New South Wales Mining
Design Guideline 28 (i.e. MDG 28) — Safety requirements for coal stockpiles and reclaim tunnels® states:

“”

3.2 Controls

3.2.1 Recommended minimum controls

The controls set out in the following table shall be considered when assessing the potential risks for
a dozer to be engulfed in a draw down point on the stockpile and be engulfed by stockpile material.
A risk assessment should be undertaken to determine the likelihood of this occurrence and the
effective controls to be implemented to manage this hazard.

The coal operator shall not rely solely on these controls. The operator shall make use of the hazard
identification and risk assessment process to determine what other controls should be applied at
the site.

Minimum Controls Comment

Assumes a safety factor of 2:1 and is based
upon USA stockpile dozer incidents and
investigations.

The stockpile dozer cab shall be designed to
withstand engulfment forces of at least 40psi
(280kpa).

”

1 https://www.resourcesregulator.nsw.gov.au/sites/default/files/documents/mdg-28-safety-requirements-for-coal-stockpiles-
and-reclaim-tunnels.pdf
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As described in MDG 28, the key hazard the glass is intended to mitigate is engulfment of the operator cabin
by material (e.g. stockpiled coal) in the event that a bulldozer becomes buried in the stockpile.

CMEIG understands that the two key related failure modes resulting in engulfment include:
a. the cabin glass of the dozer fracturing under pressure
b. the cabin glass being ‘popped’ out of its frame and into the cabin envelope under pressure

As a result of a number of related fatalities in the United States, the US Department of Labor, Mine Safety
and Health Administration (US MSHA) initiated industry efforts to develop technical solutions. In 1999, a
series of laboratory tests were conducted, and followed up with field burial tests of dozers installed with
different dozer glass and cabin frame structures in West Virginia. Images of these tests can be found on the
US MSHA website?. The field tests included two? of the following solutions:

Proposed Solution 1
Very high strength (aerospace-grade glass) glass, bonded to the cabin frame of a dozer with high strength
adhesives

Dozer with high-strength glass being buried in coal pile... (lord)

rreor]

WL
High-strength glass intact after burial demonstration.

2 https://arlweb.msha.gov/techsupp/techexchange/surgepile/surgepilesafety.pdf

3 A third option of fitting Polycarbonate glass was also considered but ruled out due to inherent issues around scratch and UV
resistance, as well as the mounting solutions and edge overlap that would be required on account of the large deflections under
loading typical of polycarbonate windows.
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Proposed Solution 2
Lower strength glass than the alternative solution, but with additional bracing and supports added to the

inside of cabin windows (aka. The Massey Approach)

The Massey Approach

Horizontal support
bars and additional
edge support for the
windshield are shown
here.

Use somewhat stronger
glass and install support
bars on the inside of the
cab windows.

The supports for the
right-side door window
are shown here.

Massey’s successful
burial demonstration.

The glass cracked but it
held the coal out of the
cab.

Both these proposed solutions were successful and eventually written into legislation. By way of example,
below is a pertinent extract:

“«

Beginning January 1, 2001 all mobile equipment manually operated on coal stockpiles, where
there is a potential of the equipment falling into a cavity, shall be equipped with an enclosed cab
fitted with chemically tempered glass and a window support system; provided however, that glass
certified to withstand 40 psi may be installed without a window support system, provided that
such glass is installed in a substantial frame. The Director of the Office of Miners Health, Safety
and Training will approve all enclosed cabs pursuant to this section. The Director of the Office of
Miners Health, Safety and Training may approve other types of glass and window frames or
support system provided that an equal or greater amount of protection is afforded.

”

Source: West Virginia Code R. § 36-27-5
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Technical Basis for the ’40 psi’ Specification

Due to the time that has elapsed, specific details have been challenging for CMEIG to research and confirm.
However, through various interviews and a review of some of the regulatory impact analysis records
associated with the aforementioned West Virginian Code’s introduction, CMEIG understands that the 40
psi pressure value originated from applying Coulomb earth pressure analysis to anticipate surge pile burial
pressures.

CMEIG understands that the analysis was based on the following data and assumptions:

e 20 years of data relating to surge-pile accidents indicating typical burial depths of 10-25 feet (3 —7.6m),
and an additional 10 feet (3m) depth equivalent was added to account for:

o potential for coal inrush during the emergency recovery process

o stress imposed by rescue equipme8nt during the recovery process

o coal that continued to be added (e.g. from stacker to stockpile) until the incident is discovered
e A coal weight of 80 pcf (pounds per cubic feet, ~ 1280 Kg/m3)
e A 2xsafety factor to account for:

o uncertainty in conditions,

o the potential for dynamic impact loading,

o stress concentrations (e.g. a large piece of coal or rock)

o the potential adverse impact of rescue equipment

o commonly used safety factors in the glass industry
The resulting calculation indicated 20 psi lateral earth pressure exerted by approximately 35 feet (~10.7m)
of coal, and 40 psi (276 kPa) once the safety factor was included.

Current Practice
Contemporary practice in Australia is based around fitment of very high strength glass rather than lower
strength glass with additional bracing (i.e. The Massey Approach).

Testing and validation of the 40 psi glass specification involves adhesion and sealing of an overlapped glass
test sample (usually the largest cabin glass piece) in a representative test fixture, that is then sealed and
pressurised to 240 psi at a stable temperature (~120F , ~50°C).

Sustainment of pressure (i.e. no degradation in integrity or fracture of the glass, or depressurisation via the
sealing of the overlapped glass test sample) after a number of hours indicates the effectivity of both the
glass and its bonding/sealing method.

Measurements taken:
*  Chamber pressure

Upper Pressure +  Air and glass temperature
test fixture Gasket
Lower Pressure Chamber Pressure (=40 psi)
test fixture l { { l { { J {
Sealant
Glass sample across

e - ] overlep
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Guidance to Industry

‘40 psi glass’ is somewhat a misnomer in that it is actually the combination of very high strength glass as
well as the method by which the glass is attached to the operator cabin structure that provides effective
protection against engulfment. 40 psi glass also works in conjunction with other controls implemented in
modern dozers to protect the operator. These include but are not limited to:

e Rollover Protection System (ROPS) cabins that meet ISO 3471 — Earth-moving Machinery — Roll-over
protective structures or equivalent

e Falling Object Protection System (FOPS) cabins that meet ISO 3449 — Earth-moving Machinery — Falling
object protective structures or equivalent

e Seatbelts that meet /SO 6683 - Earth-moving machinery — Seat belts and seat belt anchorages —
Performance requirements and tests or equivalent

CMEIG notes that there are industry best practices beyond those mentioned above.

Below are some of the best practices cited by the US MSHA%:

“«

Best Practices for Working On or Near Surge Piles

e Install high-strength glass certified to support at least 40 psi with a frame and supports
designed to withstand the added loading.

e Stock cabs with safety equipment. Securely store additional SCSRs, flashlights, cooling packs
and drinking water in equipment cabs.

e Mark feeder locations and provide visual indicators to identify active feeders.

e Stay stable. Don’t operate equipment directly over feeders, stay away from the unstable
drawhole edges and ensure that dozers use the “double blade” pushing method by leaving
the first blade of material short of the drawhole edge and bumping it into the drawhole using
the second blade of material.

e Always keep the dozer blade between the cab and the feeder.
e Provide gates on feeders or ensure that coal cannot discharge when a feeder is not operable.

e Be aware of surge pile conditions such as excessive material settling in piles that have been
idled, excessive compaction of material layers overlying the feeders, and freezing weather
conditions that create hidden cavities when the material is “bridged” over a feeder.

e Make sure the equipment operator can remotely shut-down the stacker and feeder belts
from the equipment cab.

e Install closed-circuit TV monitors so feeder operators can observe conditions and activities on
the surge pile and provide two-way radio communication.

e Prevent foot traffic on surge piles and provide adequate warning signs.
e Use remote-controlled dozers on surge piles.

e Provide adequate training for all surge pile workers to include specialized training on alarm
response, equipment needs and rescue and recovery plans involving engulfed equipment.

”

4 https://www.msha.gov/sites/default/files/Alerts%20and%20Hazards/MSHA%20Safety%20Alert%20for%20Surge%20Piles. pdf
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The New South Wales Resources Regulator has published the following guidance:

https://www.resourcesregulator.nsw.gov.au/sites/default/files/documents/sal1-09-stockpile-dozer-
lodged-in-reclaim-valve.pdf

https://www.resourcesrequlator.nsw.gov.au/sites/default/files/documents/mdg-28-safety-requirements-for-
coal-stockpiles-and-reclaim-tunnels.pdf

Resources Safety and Health Queensland has published the following guidance:
https://www.rshqg.qld.gov.au/safety-notices/mines/bulldozer-drops-into-a-void-above-a-conveyor-feed-
valve-point

Please contact your original equipment manufacturer or their authorised representative for more
information or for specific guidance.
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