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Abstract 

 
Despite the effort of governments in promoting stricter safety requirements to reduce the number of accidents among 
farmers, agriculture still represents a very hazardous sector worldwide. In particular, the increasing importance of 
safety in the agriculture activities has been characterizing this sector both from the equipment manufacturers’ and 
from users’ point of view, since the use of tractors is recognized as the main cause of fatalities. In fact, tractor overturn 
associated with the absence or the improper use of the rollover protective structure (ROPS) represents the prevalent 
cause of this phenomenon. In this study we focused our attention on the use of aftermarket weather cabins and their 
interferential relationship with the tractor’s protective structure. Actually, although the use of weather cabins 
temporarily installed on tractors for specific needs is very common among farmers, there is a lack of a normative 
framework that can provide safety requirements for both users and cabin manufacturers. In detail, taking the cue from 
the issues emerged in a specific working group led by the National Institute for Insurance against Accidents at Work 
in Italy, the manuscript analyzes the hazardous situations that might arise when using weather cabins, discussing the 
safety measures aimed at guaranteeing a correct safety assessment.  
 
Keywords  
Occupational Health and Safety (OHS); Machinery Safety; Work Equipment; Safety Assessment; Agricultural 
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 1. Introduction 
 
Agriculture is considered a hazardous sector worldwide (Caffaro et al. 2017a; Fargnoli et al. 2019a, Ivascu and Cioca 
2019) and in such a context the use of tractors is deemed to be the source of the majority of fatal and severe accidents 
occurred (Caffaro et al. 2017b; Kogler et al. 2016). In particular, tractor overturn associated with the absence of the 
rollover protective structure (ROPS) and seatbelt has been recognized as the prevalent cause of this phenomenon 
(Schwab et al. 2018, Tinc et al. 2018; Mann and Jespen 2017). Nowadays, the presence of these safety components 
(i.e. ROPS and seatbelt) is mandatory in most countries both for new tractors and for the older ones, which should be 
retrofitted accordingly (Cecchini et al. 2018; Fargnoli and Lombardi 2020). Nevertheless, the number of unprotected 
tractors is still very large due to multiple reasons, ranging from the financial efforts needed for retrofitting (Jenkins et 
al. 2012; Myers and Purschwitz 2012), to the negative attitude of farmers about the need of updating older tractors in 
accordance with mandatory safety requirements (Sorensen 2006; Caffaro et al. 2018a). In addition, it has to be 
highlighted that a large number of aged tractors are used by non-professional farmers, i.e. people performing 
agricultural activities for hobby or part-time job (Fargnoli et al. 2018; Caffaro et al. 2018b), as well as by foreigner 
operators (Vigoroso et al. 2019). In these cases, the operator skills might vary greatly, as well as the related knowledge 
of safety practices and obligations. In order to support and motivate farmers owing aged tractors in dealing with safety 
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updates several measures have been implemented worldwide (Yoder and Murphy 2012; Franklin et al. 2006; Tinc et 
al. 2015). For instance, in the USA the Cost-effective ROPS (CROPS) program aims at supporting farmers in 
retrofitting aged tractors with protective structures (Myers 2010; Hard et al. 2016). Similarly, in Australia, the ROPS 
rebate program has been issued to promote the safe update of tractors (Day et al. 2004; Jones et al. 2013).  
 
In Italy, the guidelines issued by the National Institute for Insurance against Accidents at Work (Inail) provide 
information on ROPS retrofitting for the most diffused tractors. This open-source database is constantly updated and 
currently constructive and installation characteristics of different types of ROPS for the most diffused tractors in Italy 
are available (Inail 2014). This type of initiatives is certainly contributing to the reduction of the problem of safety 
instructions about ROPS retrofitting especially among nonprofessional farmers. However, there is still a lack of 
information on the use of aftermarket cabins, which are installed on ROPS-equipped tractors (i.e. the so-called weather 
or meteorological cabins) especially during winter season and/or in occasion of specific activities such as the 
application of pesticides to reduce the operator’s exposure (Fargnoli et al. 2019b). As a matter of fact, while safety 
features of cabins including a ROPS have been investigated by several studies (e.g. (Kumar et al. 2015; Kabir et al. 
2014)), safety problems related to the installation of a cabin (or cab) on a ROPS-equipped tractor are scarcely 
addressed although such a practice is quite common among farmers (Pessina 2018). In addition, to the Authors 
knowledge, no international technical standards have been issued so far in order to provide safety criteria for ensuring 
that in case of a rollover a retrofitted cab does not harm the tractor’s operator, nor reduces the effectiveness of the 
ROPS. Hence, the goal of this study consists in investigating safety criticalities related to the use of this type of cabs. 
In particular, starting from the issues emerged in a specific working group led by INAIL, hazardous situations are 
elicited providing a discussion of the specific safety criteria which both cabs’ manufacturers and users should pay 
attention to in risk assessment activities. More in detail, remainder of the paper is articulated as follows. In Section 2, 
the background of the study is introduced, while Section 3 discusses hazardous situations related to weather cabins. 
Then, Section 4 illustrates the safety criteria for the development and assessment of cabins, and Section 5 discusses 
the results concluding the article. 

 
 2. Background 
 
The use of aftermarket cabins aimed at protecting the operator from weather conditions as well as from other hazards 
(such as dust or pesticides) is rather diffused. For example, in Italy it was estimated that 150,000 tractors are retrofitted 
with this type of cabs (Pessina 2018), which corresponds to almost 19% of currently used tractors. The main problem 
when using of an aftermarket cab is related to the loss of stability of the tractor, which is the cause of most serious 
accidents in this sector (Kogler et al. 2016; Irwin and Poots 2018; Caffaro et al. 2018b). This is confirmed by accident 
statistics on occupational injuries occurred in agricultural activities (Rondelli et al. 2018). Hence, the starting point 
for investigating safety issues related to the use of aftermarket cabs consists in defining the normative framework for 
guaranteeing the safety of the operator in case of crushing due to a rollover. In other words, this means analyzing 
mandatory safety requirements concerning ROPS’ testing and installation (Biestrato and Mazzetto 2018; Myers and 
Purschwitz 2012). With reference to the Italian context, the obligation of the installation of ROPS on agricultural and 
forestry tractors entered into force on January 1st, 1974 for new tractors; then, in 1981 such an obligation was extended 
to all tractors, i.e. including those put on the market before 1974. Accordingly, for tractors put on the market from 
1974, the European directives 74/150/EEC and 2003/37/EC apply (Monarca et al. 2013; Cavallo et al. 2014). These 
directives were repealed with effect from 1 January 2016 by the Regulation (UE) 167/2013 (EU 2013), which updated 
the legislative framework for tractor safety in the European Union. This normative act confirmed as reference for 
ROPS’ testing the rules provided by the Organization for Economic Co-operation and Development (OECD) standard 
codes for the official testing of agricultural and forestry tractors (OECD 2020). In summary, such frame of reference 
and the related acts indicate that rollover protection structures (safety cabs or structures) have to ensure an 
unobstructed space inside them (i.e. a safety zone called “clearance zone” or “deflection limit volume”, depending on 
the tractor type) large enough to protect the operator in case of rollover.  
This requirement is valid for both the ROPSs installed by the tractor manufacturer (i.e. before the tractor is put on the 
market) and those ROPSs put on the market separately and intended for such vehicles. To verify the compliance with 
such a requirement, the use of OECD standard codes as delegated acts is foreseen. In particular, in Table 1 the standard 
codes that should be used for each type of ROPS are reported (OECD 2020). As far as cabs without ROPS properties 
are concerned, safety prescriptions for tractor manufactures (or original equipment manufacturers (OEMs)) concern 
only: 1) the ventilation and filtration system; and 2) the burning rate of cab material (as for the Annex I of Regulation 
167/2013). 
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Table 1. The current OECD Codes for tractor’s ROPS testing (OECD 2020). 
 

Code no. Subject 

Code 3 Dynamic testing of roll-over protective structure for standard tractors 

Code 4 Static testing of roll-over protective structure for standard tractors 

Code 6 Testing of front-mounted protective structures on narrow-track tractors 

Code 7 Testing of rear-mounted protective structures on narrow-track tractors 

Code 8 Testing of protective structures on tracklaying tractors 
 
However, taking into account the above criteria, when a tractor is put on the marked with its-own ROPS and in addition 
its specific cab for weather protection the manufacturer guarantees the safe behavior of the whole vehicle in case of 
rollover: i.e., in this case the cab is considered as an original spare part of the tractor. The situation is different for cabs 
put on the market separately, i.e. from a company different from the manufacturer (or the OEM). In fact, if the cab 
includes ROPS’ features (safety cab) a normative reference indicating safety requirements for the protection of the 
operator in case of rollover is provided by the national guidelines issued by INAIL addressing tractor retrofitting with 
ROPS (INAIL, 2011). In addition, these guidelines, which have legal value in the ambit of occupational health and 
safety, rely on the technical provisions of OECD standard codes. It has to be noted that in this case, the tractor’s users 
have to demonstrate the unavailability of the original cab on the market and at the manufacturer. Conversely, in the 
case of aftermarket “weather” (or “meteorological”) cabs without ROPS’ features, there are no norms, nor technical 
standards addressing the problem of rollover. Based on the above considerations, two main situations can occur when 
retrofitting a tractor with a weather cab: 

1) The cab is provided by the tractor manufacturer or by an original equipment manufacturer (OEM) for a 
specific type/model of tractor: the manufacturer guarantees that the cab is not dangerous for the operator in 
case of rollover, i.e.  no parts of the cab infringe the deflection limit volume or the clearance zone. 

2) The cab is put on the market by a different company from the manufacturer: this aftermarket product usually 
can be installed on different types of tractors and it is guaranteed for protecting the operator from 
meteorological hazards as well as from other hazards as for example pesticides and dust. 

More in detail, in the latter case, the scenario is twofold: S.1. The cab is provided with a ROPS, i.e. the ROPS is 
embedded in the cab: in this case the system (safety cab) should be tested in accordance with the proper testing code 
by OECD, and thus resulting effective in case of rollover; S.2. The cab does not include a ROPS (meteorological cab): 
this type of product is likely to harm the operator in case of rollover since no safety declarations in this regard are 
provided by the cab manufacturer due to the absence of a specific technical standard or regulation. 
Hence, as schematized in Figure 1, while both in the case of cabs provided by the manufacturer (or an OEM) and 
when the cab includes the ROPS there is a normative reference for ensuring safety requirements of the cab, for 
meteorological cabs no safety requirements to protect the operator in case of rollover are foreseen hitherto. 
 
 3. Analysis of hazardous situations 
 
As mentioned above, a safe condition in the event of a rollover is ensured when the cab does not invade the clearance 
zone (Figure 2) protected by the ROPS. Hence, two main issues derive from such a requirement: 1) the cab shall not 
affect the reliability of ROPS; 2) the cab shall not infringe the clearance zone.  
In order to define a context analysis, the possible practical combinations of meteorological cabs and tractors were 
taken into account. Theoretically, we can find six different combinations depending on the type of ROPS installed: 

C.1. four-post ROPS: the cab encloses the ROPS; 
C.2. four-post ROPS: the cab is inside the ROPS; 
C.3. two-post ROPS mounted to the rear axle: the cab encloses the ROPS;  
C.4. two-post ROPS mounted to the rear axle: the cab does not enclose the ROPS;  
C.5. two-post ROPS mounted to the front axle: the cab encloses the ROPS;  
C.6. two-post ROPS mounted to the front axle: the cab does not enclose the ROPS. 
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Figure 1. Safety requirements of tractor’s cabs. 

 

 
Figure 2. Scheme of the clearance zone based on the OECD standard code 4 (OECD 2020). 

 
However, based on a survey among tractor dealers and aftermarket cabs’ manufacturers, it emerged that the 
combinations C.1 C.3 and C.5 are very unusual. Hence, they were not considered further. Moreover, it has to be noted 
that the combination C.2. (four-post ROPS with the cab installed inside the ROPS) is usually referred to tracklaying 
tractors. 
 
3.1 Four-post ROPS 
 
When the cab encloses the ROPS, the hazardous situations that might arise in case of overturning are mainly due to 
the cab parts, such as the window glasses and other fragments, which can injury the operator when crashing on the 
soil. In fact, in this situation, if the operator uses the seatbelt correctly, the ROPS should protect the clearance zone 
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(EU 2009). Differently, if the cab is mounted inside the ROPS, the main problems for the operator are due to the likely 
reduction of the clearance zone: this scenario is dangerous not only in case of overturn (the operator can hit the cab 
frame), but also during regular operations as the operator’s movements and visibility could be limited by the cab 
structure (Ehlers, and Field 2016; Fargnoli et al. 2012). In addition, the reliability of the ROPS could be reduced if the 
cab is not correctly mounted reducing the effectiveness of the protective structure, e.g. the cab is welded on the frame 
of the ROPS. 
 
3.2 Rear two-post ROPS 
 
With this type of ROPS, usually the aftermarket cab does not include the protective structure as it is installed as 
schematized in Figure 3. 
 

 
 

Figure 3. Scheme of the installation of the cab on tractor equipped with a rear two-post ROPS. 
 
In this situation, given that the cab is large enough to guarantee the respect of the clearance zone, the hazardous 
situations are related to the violation of the “ground plane” in case of overturning. The “ground plane” is an imaginary 
plane, that in an upside-down position of the tractor should be considered as a “vertical simulated ground plane” (EU 
2014). This plane is defined by the top cross-member of front part of the tractor likely to come in contact with flat 
ground at the same time as the ROPS and capable of supporting the upside-down tractor. This front part of the tractor 
is usually called “hard fixture”, as it is considered that rigid part of the tractor that shall be regarded as a protective 
point, in the event of sideways or overturning (EU 2014). Accordingly, the “simulated ground line” can be depicted 
as shown in Figure 4. Consequently, n case of sideways the tractor hits the soil along with the simulated ground line, 
which is ideally sustained by the ROPS on the one side, and by the tractor’s hard fixture on the other (Figure 5). In 
this situation, the ground plane is represented by the soil, and it is called “lateral ground plane”. Hence, dangerous 
situations might arise when the cab’s dimensions exceed the lateral and/or vertical ground plane. 
 
3.3 Front two-post ROPS 
 
Similar considerations can be made for a tractor equipped with a front two-post ROPS. The main difference is due to 
the fact that in this case the “hard fixture” is represented by a rigid section, a housing or another hard point regarded 
as a protective point, placed behind the driver’s seat (Figure 6). 

ROPS CAB
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Figure 4. Scheme of the “simulated ground plane” of a tractor equipped with a rear two-post ROPS. 

 
 

Figure 5. Scheme of the “simulated ground line” of a tractor equipped with a rear two-post ROPS in case of rollover. 
 
4. Technical measures for risk reduction 
 
In order to deal with the safety criticalities mentioned above, a research group issued by INAIL worked in the period 
2018-2019 in collaboration with weather cab and tractor manufacturers, dealers, users, as well as with machinery 
safety and occupational health and safety experts and researchers. The goal of these activities consisted in providing 
technical criteria to be used to evaluate the safety level of aftermarket cabs, providing a reference framework for 
manufacturers, dealers and other stakeholders. Results achieved were further validated by means of several software 
simulations and experimental tests aimed at verifying the practical effectiveness of the proposed solutions. More in 
detail, the idea based on which the above criteria were verified relies on the adaptation of the technical parameters 
provided by the OECD ROPS Test Codes (OECD 2020) to guarantee the safety level of cabs. Accordingly, criteria 
for the respect of a safety zone for both the lateral and vertical withstanding of the weather cab for each of the above-
mentioned combinations were depicted. As far as the former aspect is concerned, it should be noted that in this context 
the “safety zone” indicates an unobstructed space able to protect the operator in case of overturning whose dimensions 
might differ from those of the “clearance zone”, which are reported in the OECD codes. Then, following the 
superposition “principle” illustrated by Fritz et al. (1991), the minimum dimensions were evaluated taking into account 
the dimensions and shape of a safety zone defined in the OECD codes for testing ROPS structures independently from 
the type of tractor. To be more precise, the OECD Code 10 (OECD 2020) identifies the safety zone as follows: “for 
tractors equipped with ROPS tested in accordance with Codes3, 4, 6 and 7 the safety zone shall comply with the 
specifications of the Clearance Zone as described in point 1.6 of each of these codes”; while, “for tractors equipped 
with ROPS tested in accordance with Code 8 the safety zone shall comply with the Deflection-Limiting Volume 
(DLV), as described in ISO 3164:2013”. 
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Figure 6. Scheme of the “simulated ground line” of a tractor equipped with a front two-post ROPS. 

 
4.1 Safety zone for wheeled tractors 
 
In order to guarantee a safe area for the operator in case on overturning, the dimensions of the area at the disposal of 
the operator illustrated in Figure 7 cannot be smaller than the values reported in Table 2 (values are expressed in mm).  
Differently from the two-post ROPS and four-post ROPS, it has to be noted that in the case of tractors equipped with 
a front two-post ROPS, the above values are different and include an additional parameter, which was named V3, that 
considers the distance between the highest point of the steering wheel and the S point of the seat as shown in Figure 
8. 
 

 
 

Figure 7. Scheme of the safety zone of a wheeled tractor equipped with a rear two-post ROPS. 
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Figure 8. Scheme of the safety zone of a wheeled tractor equipped with a front two-post ROPS. 
 

Table 2. Minimum dimensions of the safety zone for wheeled tractors’ cabs. 
 

 Rear two-fold Front two-fold Four-post 

O1 550 900 550 
L 500 500 500 

V1 930 450 930 
V2 930 400+V3 930 
H 300 300 300 

 
4.2 Safety zone for tracklaying tractors 
 
In table 3 the values related to the minimum dimensions of the safety area for the operator of a tracklaying tractor are 
reported, where the related parameters are those shown in Figure 9. 
 

Table 3. Minimum dimensions of the safety zone for tracklaying tractors’ cabs. 
 

 Rear two-fold Front two-fold Four-post 
O1 400 550 400 
L 500 500 500 

V1 990 920 990 
V2 990 817 990 
H 300 300 300 

 

 
 

Figure 9. Scheme of the safety zone of a tracklaying tractor equipped with a four-post ROPS. 
 
4.3 Vertical withstanding 
 
Since the OECD Code 6  requires that the tractor’s hard fixture placed behind the driver’s seat shall be capable of 
withstanding, without breaking or entering the clearance zone, a downward force Fi = 15 M (where M represents the 
“maximum tractor mass recommended by the tractor manufacturer” expressed in kg), a similar criterion is foreseen 
for the verification of the cab’s withstanding. In detail, the cab shall withstand a downward force Fi ≥ 15 M applied 
to the top of the frame in the central plane of the tractor. The initial angle of application of force shall be 40° calculated 
from the roof plane parallel to the ground, without breaking or entering the clearance zone (Figure 10). 
Similarly, adapting the same provisions of the OECD Code 6 for the rear two-post ROPS, the weather cab has to bear 
a force Fi ≥ 15 M applied with a 40o degree angle considering the roof plane, without breaking or entering the clearance 
zone (Figure 11). In both cases, if a deformation of the cab occurs when applying Fi, the manufacturer has to verify 
that the deformed weather cab has not invaded the simulated ground line/plane. 
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Figure 10. Scheme of the application of the force Fi aimed at verifying the vertical withstanding of the cab in case of 
a front two-post ROPS. 

 

 
 

Figure 11. Scheme of the application of the force Fi aimed at verifying the vertical withstanding of the cab in case of 
a rear two-post ROPS. 

 
4.4 Lateral withstanding 
 
In a similar manner, the criterion provided by the OECD Code 6 and 7 for ROPS applied to wheeled narrow tractors 
was used to prevent the intrusion in the clearance zone in case of sideways overturning when the cab is larger than the 
ROPS, i.e. when its dimensions exceed the virtual lateral plan (Figure 12). 
In this case, the weather cab has to be able to absorb at least an amount of energy equal to E ≥ 1.75 M caused by a 
force applied horizontally, in a vertical plane perpendicular to the tractor's median plane, without breaking or entering 
the clearance zone. 
 
5. Discussion of results and conclusions 
 
Computer simulations and experimental tests were carried out to verify the effectiveness of the above criteria and the 
results achieved showed their reliability. This analysis is in line with the provisions by Fritz et al. (1991), who argued 
that when developing a novel safety volume for the operator of an agricultural tractor or a construction, earthmoving, 
forestry and mining machine, a superposition of the safety zone according to different standards can be performed if 
the resulting safety volume is substantiated by ergonomic evaluations. Similarly, the superposition of different safety 
zones is also proposed by Guzzomi et al. 2019, who analyzed ROPS’ performances of an articulated narrow track 
tractor.  
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Figure 12. Scheme of the application of the force Ft aimed at verifying the lateral withstanding. 
 

Moreover, the importance of a reverse engineering approach for machinery safety based on ergonomic issues is 
confirmed in literature by several studies (Fargnoli et al. 2012; Casazza et al. 2016; Fargnoli et al. 2020). Based on 
this, the analysis carried out to depict and verify the safety criteria for the proper use of aftermarket weather cabins 
and their interferential relationship with the tractor’s protective structure provided a scientific support to the 
implementation of a technical guideline issued by INAIL. In fact, this document is currently being validated by the 
Italian National Unification association and it will be published as a technical standard recognized at the national 
level. Such an output provides a solution to the lack of a technical reference for the safe use of weather cabs in 
agriculture, providing a guidance not only for the manufacturers of this type of products, but also for the 
users/entrepreneurs when performing risk assessment of their working equipment. In fact, as underlined by Caffaro et 
al. (2017b), occupational health and safety (OHS) has to be considered from both sides, finding new effective 
strategies and tools to reduce accidents and injuries associated with the use of hazardous machinery. This is also in 
line with Kogler et al. 2016, who highlighted the importance of providing information tools, such as guidelines, aimed 
at improving the safety level of farmers. Accordingly, the contribution of the research work described in the present 
paper consists in enhancing knowledge on the safe selection and use of work equipment. Hence, the criteria illustrated 
in the previous section can be used also for other types of machinery, such as the ones used in mining, construction, 
and other earthmoving activities (e.g., scrapers and graders, equipped with aftermarket cabs). 
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