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REPORT 

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. 

 
Operator Cabin Glazing for Earthmoving Equipment 

Introduction 

This document summarises findings from testing undertaken collaboratively by industry to better 
understand earthmoving machinery operator cabin glass impact resistance characteristics. 

Operator cabin glass on earthmoving machinery is typically manufactured to meet automotive 
standards. There are various reasons cited for the automotive-oriented approach for 
earthmoving machinery glass, including: 

• Earthmoving machinery glass suppliers tend to align with the automotive sector due to the 
larger volumes and supply chains for the latter. 

• There are similarities in earthmoving machinery glass applications and expectations, to 
those of the automotive sector. 

• The current absence of a clear need or driver for a specialised standard for all earthmoving 
machinery glass. 

• Recognised industry standards enable a broad, competitive supply chain for glazing 
solutions 

The Standards typically used for earthmoving machinery glass today are listed below: 

• AS/NZS 2080 - Safety glass for land vehicles 
• ANSI Z26.1 - American National Standard for Safety Glazing Materials for Glazing Motor 

Vehicles and Motor Vehicle Equipment Operating on Land Highways 
• UN ECE R43 - Regulation No 43 of the Economic Commission for Europe of the United Nations 

(UN/ECE) — Uniform provisions concerning the approval of safety glazing materials and their 
installation on vehicles 

• JIS R 3211 - Japanese Standard - Safety glazing materials for road vehicles 
• JIS R 3212 - Japanese Standard - Test methods for of safety glazing materials for road vehicles 
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The above standards are very similar to each other with only some minor differences. They each 
include a wide range of performance requirements related to areas such as impact resistance, 
optical clarity, temperature conductivity, occupant headform impact performance, and scratch 
resistance. However, this document is mostly concerned with impact resistance criteria. 

The impact-related test methods in standards like AS/NZS 2080 typically involve dropping a steel 
ball vertically under gravity onto a 300mm x 300mm test sample contained within a test fixture, 
and observing the ability of the samples to retain the ball for a period of time after impact (Figure 
1). The two specific tests often referenced are: 

 

 

Figure 1: Typical ball drop test setup concept 

 

A. Impact Test (e.g. AS/NZS 2080): 2.26kg, 82mm dia. Steel ball, dropped 4m. 

B. Fracture and Adhesion Test (e.g. AS/NZS 2080): 225g 38mm dia. Steel ball, dropped 9m. 

The theoretical energies of each test ball at the point of impact with the test glass are 
approximately 90 Joules (Impact Test) and approximately 20 Joules (Fracture and Adhesion Test). 

A recent incident occurred within Australian coal mining operations, where a rapid deflation of a 
rear dump truck tyre propelled an approximately 1kg rock towards a dozer parked approximately 
40m away, penetrating the cabin window. Calculations estimate the rock impacted the dozer 
window with at least 1000 Joules of energy (Figure 2). 
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Figure 2: Incident illustration 

While this scenario may represent an isolated incident, subsequent literature review suggests 
that a small number of significant incidents related to penetration of projectiles into earthmoving 
machinery operator cabins have occurred. It is also postulated that such incidents may have been 
historically under-reported, as they have not resulted in significant injury or fatalities. 

Despite the identified incidents having not resulted in an operator or bystander injury or fatality, 
it is noted that the impact energy levels typically tested by the aforementioned automotive 
standards are substantially lower than that measured in the aforementioned incident. It is also 
noted that some mine operators in Australia have identified the need for specific action on this 
topic, and have been specifying a machinery impact rating requirement of approximately 200 
Joules. This is typically achieved by varying the automotive test method and apparatus, for 
instance, by dropping the 2.26kg Steel Ball (instead of the 225g ball) from a 9m height. 

Understanding that there are records of impacts at, or potentially exceeding 1000 Joules in 
energy, whereas with current automotive glass impact testing standards being limited to much 
lower energies (even when modified), an alternative test method was developed and trialled. 
This alternative approach aimed to enable repeatable tests to be conducted to determine the 
point of failure of various safety glazing products currently mounted in Earth Moving Machinery 
when subjected to higher impact energies.  

Safety Glazing Testing Standards 

Impact testing of safety glazing is documented in various international standards. Each standard 
has a documented testing protocol relevant to the impact type it is designed to provide 
protection against. For instance, the building industry tests glazing against impacts such as those 
from bullets or objects like hammers, often requiring the glazing to withstand multiple impacts 
prior to failure.  

While the ball drop test detailed in AS/NZS 2080 (specifically Appendix I, which outlines a 2.26 kg 
steel ball dropped from 4.0m for laminated safety glass) has been an industry reference for 
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mining applications, it inherently fails to achieve impact energies comparable to those estimated 
in some real-world incidents. This limitation arises from the constraints on ball mass and 
achievable drop heights in a practical test setup. 

EN15152 is a European standard developed for windscreens in rail applications. The impact tests 
prescribed in EN15152 are designed to simulate objects, such as track ballast, impacting 
windscreens at high velocities, which can be conceptualised as the maximum operational speed 
of the train plus an additional 160 km/hr. A key feature of the EN15152 test methodology is the 
use of an air cannon or a similar apparatus to propel a 1 kg projectile (as detailed in Annex D of 
EN15152, specifying an aluminium alloy projectile with a hemispherical nose) at test samples 
(Figure 3). This method allows for significantly higher and more controllable impact energies 
compared to traditional gravity-based drop tests. 

 

 

 Figure 3 - EN 15152 Projectile (Illustrative image placeholder, refer to EN15152 Annex D for 
definitive projectile design) 

 
The primary rationale for adopting a methodology based on EN15152 for this study was to 
provide a more feasible and precise means of evaluating glazing performance at higher impact 
energies. To replicate the energy levels achievable with the EN15152 air cannon method using a 
traditional drop test (as per AS/NZS 2080 principles) would require excessive drop heights. Such 
heights would be practically difficult to implement consistently and would introduce significant 
challenges in accurately targeting the impact point on the test specimen. 
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Methodology 

Testing was conducted at an Australian ballistics laboratory. The test methodology was adapted 
from the principles outlined in EN15152, specifically concerning the use of a propelled projectile 
to achieve high impact energies. 

The test involved a horizontal projectile release mechanism, an air cannon, placed 3950mm away 
from the glass samples. The glass samples were laminated glazing, measuring 300mm x 300mm, 
held between a vertical mounting assembly and clamped by a bolted plate, both constructed 
from steel. The clamping arrangement followed the principles described in EN15152 Annex C, 
ensuring the sample was held rigidly. Foam gaskets were applied to the steel surfaces where they 
made contact with the glass samples to provide a consistent interface. While the exact 
specification of the foam was not a controlled variable in this test series, the same type of foam 
was used consistently across all tests. The foam was replaced as needed if damage was sustained 
from glass fragments during repeated tests, to maintain consistency in the mounting conditions. 
Clamping nuts were finger-tight for all tests to ensure a repeatable clamping pressure without 
inducing undue stress on the samples. 

A secondary frame hosting a spalling witness card, as per EN15152 (6.1.2) guidelines (annealed 
aluminium sheet, max thickness 0.15 mm, dimensions at least 500 mm by 500 mm, placed (500 
± 10) mm behind the sample), was positioned behind the glass and mounting frame assembly. A 
catcher was placed at the end of this test environment to safely contain the test projectile if it 
penetrated through both the glass and the witness card. 

The projectile used was consistent with the specifications in EN15152 Annex D: a 1000g (+20g/-
0g) aluminium alloy (EN 755-2:2016, grade 2017A) projectile with a hemispherical nose (SR47) 
and a roughened surface in zone 4. 

A chronometer was used to measure the velocity of the projectile immediately prior to impact 
with the glass, typically within 4 meters of the impact point, as recommended by EN15152 (6.1.4). 
Trigger-activated slow-motion cameras were used to visually observe and record the impact 
event and subsequent behaviour of the glass samples. 

It is important to note the limitations of this testing arrangement when comparing results to real-
world installations on earthmoving equipment. The mounting method used in these tests (bolted 
and clamped within a rigid steel frame) is not identical to how glazing is typically installed on 
operational machinery, where it might be fitted into a rubber gasket or bonded directly to the 
cabin structure. These differences in mounting can affect the rigidity of the glass panel and how 
it flexes or absorbs energy upon impact. Furthermore, the size of the test panel (300mm x 
300mm) may also influence its stiffness and impact response compared to larger, full-sized 
windows found on machinery; a larger piece of glass might exhibit different bending 
characteristics and potentially absorb more energy before failure. 
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Figure	4	-	Test	appartus	assembly 
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Discussion of Results 
The testing conducted provided valuable insights into the impact resistance characteristics of 
laminated safety glazing when subjected to high-energy projectile impacts, simulating conditions 
more severe than those typically addressed by standard automotive glazing designed to meet 
the minimum requirements in AS/NZS 2080. The adoption of a test methodology based on 
EN15152, utilising a 1kg projectile propelled by an air cannon, allowed for a systematic evaluation 
of glazing performance up to significantly higher energy levels. Some key results are shown below 
in Table 1 

 
Table 1 - Results for specific glass samples as tested 

Total thickness of 
tested pane (mm) 

Glass thickness 
(mm) 

Interlayer 
thickness (mm) 

Approximate 
Energy at projectile 

penetration (J) 

Notes: 

6.38 3 + 3 0.38 200  
8.38 4 + 4 0.38 250  

20.38 10 + 10 0.38 550 Significant 
spalling 

observed, 
constituting a 

‘Fail’ in current 
test standards. 

8.76 4 + 4 0.76 600 
11.52 5 + 5 1.52 850 
19.52 6 + 6 + 6 0.76 + 0.76 925 
12.28 5 + 5 2.28 1487 
22.28 10 + 10 2.28 1750 

 
A key finding from this study relates to the influence of the interlayer thickness on the overall 
impact resistance of the laminated glass units. While the thickness of the individual glass layers 
does contribute to the overall strength, the results indicate that the thickness of the PVB 
(Polyvinyl Butyral) or similar interlayer material played a more significant role in enhancing 
impact resistance. A regression analysis of the test data suggested a minimal direct relationship 
between the thickness of the outer glass layers and the impact energy absorbed, whereas a clear 
linear relationship was observed between the interlayer thickness and the impact resistance. 
Specifically, increasing the interlayer thickness (e.g., from 0.38mm to 0.76mm, 1.52mm, and 
2.28mm) demonstrated a corresponding linear increase in the glazing unit’s ability to withstand 
impact energies, with performance improving from approximately 200 Joules to over 1,500 
Joules in the configurations tested.  

Spallling, the rapid ejection of glass fragments from the non-impacted face of the windscreen, 
was observed during testing, increasing in intensity. While thicker interlayers were able to absorb 
significant projectile energy without full penetration, the rear layer of glass (the glass closest to 
a machine operator) fractured and separated, leading to spalling evidence on tested samples that 
would be categorised as a ‘fail’ according to current glass testing standards.  



Copyright © 2026, CMEIG. All rights reserved. 

CMEIG REPORT - Operator Cabin Glazing for Earthmoving Equipment – July 2026 

	

				 	

Figure	5	-	Laminated	glass	spalling	observed	

This phenomenon highlights an important safety consideration as spalled fragments can pose a 
significant hazard to occupants even if the primary projectile is stopped. While no specific anti-
spalling protective films were tested as part of this study, discussions with industry suppliers 
indicated that the application of anti-spalling films to the inner surface of the glazing could be a 
viable method to mitigate spalling hazards by helping to retain dislodged fragments. Doing so 
may also provide additional impact protection in lieu of thicker laminate layers. However, there 
are some practical considerations associated with the fitment of such films that requires field 
validation. 

Alternatively, it is understood that polycarbonate windows do not exhibit the same spalling issues 
at higher energy levels, and so may be a more appropriate solution. Such glazing however, can 
exhibit other issues such as propensity to be scratched or UV-exposure degradation, to the point 
of optical clarity reduction.  

A final alternative also considered was that, if the intent is to 
prevent fly rock/debris penetration resistance, a standard window 
glass with a fabricated metal guard may provide substantially higher 
energy absorbtion capability than the aformentioned glazing-based 
solution. Such solutions are readily available and retrofittable, but 
can adversely impact visibility from the cabin operating position.	
Further testing and evaluation is required to validate these topics. 	

 

It is also noted that there are a range of considerations when selecting operator cabin glass. By 
way of example, it may not be practicable to replace glass of one construction or dimension 
within an operator cabin. Doing so may interfere with other design goals such as operator 
visibility, emergency access/egress capability through the window, operator protective structure 
integrity etc. and so caution is required to ensure that new risks to health and safety are not 
introduced when contemplating changes to cabin glass dimensions from that provided in the 
equipment from factory. 

It is also crucial to reiterate the limitations of the test arrangement. The clamped mounting in a 
rigid steel frame, while ensuring consistency for comparative testing, differs from typical in-
vehicle installations (e.g., gasket-sealed or bonded glass). These mounting differences, along with 

Figure	1-	Fabricated	
cabin	guarding	
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the small 300mm x 300mm sample size relative to the typical cabin opening, could influence the 
flexural response and overall energy absorption characteristics of the glazing compared to full-
size, installed windows. Therefore, the direct application of these results to all machinery types 
and window sizes should be approached with caution, and further validation may be necessary 
for specific applications. 

Finally, while the testing suggests that various glazing and guarding solutions may be capable of 
achieving substantially different levels of impact resistance, this body of work does not address 
the broader industry research, risk assessment and stakeholder alignment required to determine 
whether current glazing arrangements are adequate, or what level of protection may be 
appropriate for particular machine applications and operating environments. Importantly, the 
occurrence of isolated high-energy incidents should not be interpreted as evidence that all 
earthmoving machinery requires glazing designed to withstand equivalent impact energies. The 
frequency, likelihood and foreseeable consequence of projectile impact events will vary 
considerably depending on machine type, operating environment, task and exposure. 
Determining appropriate protection levels requires a broader understanding of hazard scenarios, 
risk tolerability, incident frequency and the practical effectiveness of available controls than was 
within the scope of this study. Accordingly, the findings of this study should not be interpreted 
as recommending specific impact energy requirements, glazing constructions, or protection 
technologies for earthmoving machinery applications. Further industry research and 
international standardisation activities are required before performance classifications, 
minimum impact resistance requirements, or preferred protection approaches can be 
recommended. 

 

International Alignment 

CMEIG recognises that for effective industry deployment of health and safety related solutions, 
standards harmonisation is critical. Standardisation supports a wide base of consistent, supplier-
agnostic, performance-based metrics on which to evaluate glass solutions. As such, members 
have been actively participating and providing feedback into the following international 
standard:  

ISO/CD 20687 (International Organisation for Standardisation, Committee Draft – Earth-
moving machinery – Rigid Plastic Safety Glazing  

Abstract: 
“This document specifies the minimum requirements for rigid plastic safety glazing for use in 
earth-moving machinery, as defined in ISO 6165. The document also specifies the requirements 
needed for a front screen to withstand closeup detonations and falling or thrown objects. The 
enhanced windscreen arrangements can replace traditional front- or top guard solutions in steel. 
The document defines protection levels based on the achieved operator protection through 
various types of safety glazing. The document provides guidance on hazardous situations and 
what protection to use, and it gives guidance on marking, labelling and documentation. This 



Copyright © 2026, CMEIG. All rights reserved. 

CMEIG REPORT - Operator Cabin Glazing for Earthmoving Equipment – July 2026 

	

document does not include fastening methods or gluing principles and do not cover the use of 
laminated glass.” 

As this standard project progresses, it is CMEIG’s intent to provide additional industry guidance 
on comparative performance of different solutions, as well as to provide recommendations on 
specific machine applications where additional guarding other than standard factory glazing may 
be required.  
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Conclusion 

This study successfully demonstrated a modified testing methodology, drawing from EN15152, 
to evaluate the impact resistance of safety glazing for earthmoving machinery at energy levels 
significantly exceeding those addressed by traditional automotive standards like AS/NZS 2080. 
The use of an air-propelled 1kg projectile allowed for repeatable and controlled high-energy 
impacts, providing valuable data on the performance of various laminated glass configurations. 

The findings indicate that interlayer thickness is a critical determinant of impact resistance in 
laminated safety glass. A thicker interlayer generally results in a higher capacity to absorb impact 
energy. However, the phenomenon of spalling, even without full projectile penetration, was 
observed to be significant and remains a safety concern that warrants specific attention, 
potentially through the use of anti-spall, spall shielding films or other mitigation strategies. 

The results demonstrate that glazing systems can exhibit substantially different impact resistance 
capabilities depending on their construction. However, the testing undertaken as part of this 
study does not establish what impact energy capability is appropriate for a given machine 
application or operating environment. Additional industry research and stakeholder alignment is 
required before performance classifications, minimum impact resistance requirements, or 
before preferred glazing technologies for specific scenarios can be recommended. 

Further testing and validation is required to address the limitations of this study to better 
replicate all in-service conditions on earthmoving equipment and address the issues identified.  
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Future Considerations 

Building upon the findings of this study, several areas for future testing and research are 
recommended to further enhance the understanding and performance of safety glazing for 
mobile earthmoving equipment: 

	

1. Full-Scale Testing: Conduct impact tests on full-size glazing panels installed in representative 
cabin structures or mock-ups using various mounting methods (e.g., gasket-mounted, 
bonded). This would provide data that more accurately reflects in-service performance and 
accounts for the influence of panel size and edge conditions. 
 

2. Evaluation of Anti-Spall Solutions: Systematically test the effectiveness of different anti-
spall films and other spall mitigation technologies when applied to various glazing 
configurations. This should include assessing their durability and optical clarity in 
operational environments. This should also include evaluating a high-energy ‘spall-only’ test 
and its impact on typical machine glass. 

 
3. Diverse Projectile Types: While this study used a standardised projectile based on EN15152, 

future tests could explore the effects of different projectile shapes, materials, and masses 
that may be representative of specific hazards in mining or construction environments (e.g., 
sharper or irregularly shaped rocks). 

 
4. Standardisation Efforts: Continue collaboration with industry stakeholders and standards 

organisations to refine test methodologies and potentially develop a dedicated safety 
glazing standard or guideline specifically for earthmoving machinery, incorporating findings 
from high-energy impact research. 

 
5. Advanced Interlayer Materials: Explore the performance of newer, advanced interlayer 

materials that may offer improved impact resistance, spall control, or other beneficial 
properties compared to conventional PVB. 

 
6. Impact of different glass configurations: Some earthmoving machine applications involve 

the fitment of multiple panes of glass, with a substantial air gap between panes.  A 
representative configuration of such constructions was not able to be tested, though it is 
anticipated that impact energy capability will likely be similar to the performance of glass 
with similar total interlayer thickness. 

 
7. Industry research and alignment: Further work is required to quantify whether general 

arrangements for glass today are adequate, and further, what specialised equipment 
operating scenarios require what impact energy capabilities.  
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