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Abstract: The maintainability issue is critical for the successful and effective operation of 
any industry in the extreme cold climatic conditions as the working conditions are made 
very difficult by low temperature, ice, short period of daylight and lack of support 
facilities. The objective of this paper is to identify potential risk factors in cold conditions 
and to provide ergonomic guidelines to reduce risk factors and increase maintainability of 
industries deployed in cold climate. 
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1.  Introduction 

     In recent years, the fast development of technology has created machine environments 
so complex that it is a major challenge to efficiently perform service and maintenance 
requirements in order to reduce downtime of equipment or a system. These issues are 
particularly more critical in cold climatic conditions (especially in the northern part of 
globe). However, maintaining equipment, component or system periodically by adhering 
to a stringent maintenance schedule cannot only help increase the longevity but also 
ensures that they work without frequent breakdowns. Due to cost and technology 
considerations, or environmental stresses, it is almost impossible to design a system that is 
maintenance-free [1].  
     Maintainability can be defined as “the degree of ease with which an equipment or 
system is capable of being retained in, or restored to serviceable operation”. It is a 
function of parts accessibility, internal configuration, use, repair environment, time, tools 
and training of personnel required to execute maintenance [2]. The impact of ambient 
environment on maintainability is critical in restoring a system. For example, the 
maintainability issues of oil and gas installations in the arctic circle are critical as the 
working conditions are made very difficult by freezing temperatures, ice, and short period 
of daylight.  
     The maintainability performance in the cold region is heavily influenced by the design 
of the system components and of the performance of maintenance support system. 
Systems with low levels of reliability in a cold climate often need special and extra focus 
on maintainability characteristics in order to achieve the desired levels of system 
availability and safety.  
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     Equipment that is difficult to maintain, or components that can be incorrectly fitted, 
will contribute to maintenance errors which in turn may lead to prolonged repair times.  
     Prolonged cold conditions present several challenges to the workers, including 
affecting their physical comfort, maintaining positive mental attitude, and preserving the 
ability to perform the maintenance task satisfactorily [3].  Several studies have indicated 
that workers who perform daily routine work outdoors during the harsh winter have been 
reported to have decreased performance levels and increased physical discomfort (e.g., 
[4]). Cold exposure and the associated behavioral and physiological reactions have an 
impact on human performance [5]. Manual performance is a combination of many sorts of 
abilities that require, for instance, good tactile sensitivity, hand dexterity, force capability 
and motor coordination, and these skills are all influenced by exposure to cold of hands 
[6]. Therefore, cold environmental conditions have a direct impact on maintainability and 
performance of maintenance support personnel (see also [7]). A close survey of existing 
literature indicates, there has been no systematic study covering the maintainability issues 
of equipment in the cold environment considering ergonomic factors. Therefore, the 
purpose of this paper is to review and discuss maintainability issues and to recommend the 
possible recommendation for the improvement of maintainability in cold environmental 
conditions by considering principles of ergonomics.   

2.    Factors influencing Human Performance in Cold Environment  

     A cold environment can be defined as an environment under which greater than normal 
heat losses are anticipated and compensatory thermoregulatory actions are required [8]. 
Exposure to cold commonly occurs in fields such as construction, agriculture, roadwork, 
fishing, forestry, oil and gas exploration, seafaring, mining, reindeer herding and rescue 
services [9].  
     There have been number of researches conducted to study the effect of cold on human 
performance and findings shows a strong association between decreased manual 
performance and cold environment (e.g., [10]). The behavioral and physiological reactions 
are associated with cold exposure and have an impact on human performance, i.e., manual, 
muscular and aerobic performance, simple and choice reaction time, vigilance, cognitive 
tasks etc. [5]. Generally, there are two kinds of effects of cold on human performance, viz., 
the peripheral effects, which influence strength and manual dexterity [11] and the central 
effects, which influence cognitive performance [12]. Here, manual dexterity can be 
defined as a motor skill that is determined by a range of motion of arm, hand and fingers 
and the possibility to manipulate with hand and fingers [13]. It is known that exposure to 
the cold results in a decrement of physical and cognitive performance. The performance of 
complex tasks is more affected by cold than the simpler tasks [12]. Oska [14] reported that 
cooling has a negative effect on muscular performance such as endurance, force, power, 
and velocity and coordination. When a person is exposed to the cold and his metabolic 
rate is insufficient to maintain the neutral heat balance, the body will be cooling down, 
which leads to a reduction in blood supply to extremities and causes “physiological 
amputation” with extremity cooling [13] .  
     A decrease in skin blood flow causes loss of sensitivity and reduction in manual 
dexterity and grip strength [15]. Of all the parts of the body, the hands/fingers are among 
the most probable locations for cold stress related to thermal discomfort [16]. The 
mobility of hands/fingers is associated with the mobility of joints. When the body is 
exposed to the cold, it causes the synovial fluid to be more viscous which causes slower 
movement. This phenomenon is called joint stiffness and when it increases, more muscle 
power is needed to make movements which might eventually lead to musculoskeletal 
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injuries [16]. Therefore, the loss in manual performance in the cold may lead to inefficient 
work and an increased number of accidents and other complaints [17]. 

3.  Consequences of Exposure to Cold 

     From the foregoing discussion,, it can be stated that working in the cold over a 
prolonged period of time has an adverse effect on human performance, which can be 
outlined as follows: 

• Reduced manual skills, dexterity, coordination and accuracy with an impact on 
productivity and safety. 

• Increased risk of musculoskeletal injuries from stiffness of muscles and joints and 
reduced peripheral circulation. 

• Increased risk of accidents from reduced alertness, manual dexterity and 
coordination. 

• Discomfort from cold stiff hands and feet, runny nose and shivering. 

• Impaired ability to perceive cold, cuts, pain and heat. 

• Reduced decision-making ability. 

4.   Ergonomic Issues in Maintainability 

     Ergonomics is a multidisciplinary activity striving to assemble information on human 
capabilities and limitations and to use that information in designing jobs, products, 
workplaces and equipment. The terms ‘ergonomics’ and ‘human factors’ are sometime 
used synonymously. Ergonomics, however, has traditionally focused on how work affects 
the human. This focus includes studies of, among other things, physiological responses to 
physically demanding work, environmental stressors such as heat, cold, noise and 
illumination and so on. The emphasis has been on methods to reduce fatigue by designing 
tasks so that they fall within the human’s work capacities. Most often in the development 
of maintainability requirement, emphasis is placed on technical parameters related to 
maintenance frequencies and time duration, and the associated logistic support, while the 
human element of the process is ignored [18]. To optimize maintainability effectiveness 
efforts, the human element and its interface with the equipment needs to be addressed.  
     When maintainability requirements are being established, particularly with regards to 
the human element, the relevant dimensions of the human body, its sensory ability, the 
environmental stresses that are likely to impact its performance, and the often important 
emotional aspects, must be considered. For example, restricted reach to machine, 
temperature beyond the comfortable range of 12-22oC, noise outside the comfortable 
intensity level range of 50-80 db, or confusing color codes and maintenance procedures 
are likely to increase the probability of maintenance-induced failures. According to 
Blanchard et al., [18], in general, to reduce maintenance related failures, the following 
ergonomics factors must be considered: 

i) Anthropometric Factors: Anthropometric factors deal with measurement of the human 
body such as stature, sitting height, shoulder height, eye height, hand length, force, weight 
and so on. Anthropometric data are used in ergonomics to specify the physical dimensions 
of workspaces, equipment, furniture and clothing to ensure that physical mismatches 
between the dimensions of equipment and products and the corresponding user 
dimensions are avoided [19]. While establishing and implementing maintainability 
requirements, the anthropometric parameter should be taken into account. These 
parameters are especially important in designing test and support facilities and equipment, 
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influencing the design of the major equipment itself for increased maintainability, 
delineating the maintenance procedure and activities that involve access to an embedded 
system component. The design engineer must also consider dimensions relative to both 
males and female, and take into account the appropriate variability.  

ii) Human Sensory Factors: The human sensory capacities are sight, hearing, smell, feel 
or touch and so on. In the design of test and diagnostic work centres, consoles, monitors, 
and read-out devices, the design engineer must be cognizant of the human capabilities 
relative to sight as it pertains to horizontal and vertical fields of view, the detection of 
signals and objects from varying angles, and the detection of certain colours under varying 
degrees of brightness from varying angles. Sufficient illumination is important along with 
the field of view for satisfactory performance of tasks. Noise issues must also be 
addressed for increased operator comfort, productivity, and efficiency. 

iii) Physiological Factors:  It is important to recognise the impact of environmental 
stresses on human efficiency. Here, stress refers to an external or environmental situation 
that leads human productivity to decrease, and includes issues such as high and low 
temperature, humidity, high levels of noise and vibrations in the surrounding area where 
the operational and maintenance activities are being carried out. The consequences of 
stresses are reduced sensory capacities, slower motor response, and reduced mental 
alertness, leading to increased probability of maintenance-errors. 

iv) Psychological Factors: The psychological factors relate to the characteristics of the 
human mind. The maintenance task completion is significantly impacted by personal 
motivation, initiatives, dependability, and confidence and so on. Maintenance policies and 
procedures which are perceived as being difficult or complex, or a poor management and 
supervisory style, can lead to increased psychological demand, frustration and poor 
attitude towards the work. On the other hand, if the tasks are over-simple and monotonous, 
this could lead to a more casual approach to the job and a greater number of maintenance 
errors due to carelessness.  

5.  Maintainability Issues in Cold Environments 

     The major problem while repairing a system working with bare hands or without 
gloves in order to increase manual dexterity increases the risk of cold injuries. On the 
other hand, cold protective clothing decreases the mobility and restricts the accessibility to 
the failure parts, which results in an increase in repair time and thereby in system 
unavailability.  Table 1 summarises the maintainability issues in the cold environment 
during human-equipment interaction. 
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Table 1: Maintainability Issues in Cold Environment 

Maintainability Issues  Probable Reasons due to Cold Exposure 

Increased inspection time or fault   
detection time 

• Reduced physical mobility; reduced hand 
dexterity; decreased cognitive performance; 
reduced motor-coordination; bulky clothing; 
decreased human sensory performance due 
to the limitation of vision and hearing due 
to hats and hoods and improper illumination 
level. 

• Improper anthropometric consideration for 
body dimensions while working in cold 
environment. Cold-protective clothing 
increases the measurement of body 
dimensions and reduces the mobility. 

Increased access time to reach failed 
component 

Same as above 

Increased removal time for failed 
unit 

Same as above 

Higher repair time  Same as above 
Increased replacement time for 
failed unit 

Same as above 

Increased testing time to verify 
repair 

Same as above 

6.  Human-Equipment Interaction 

     Several aspects of human-equipment interaction in maintenance work must be 
considered while trying to find solutions to problems caused by improper design 
characteristics of any equipment and these factors are [20]: 

1. Visual access – the ability of maintenance personnel to see what is being done, to 
see immediate surroundings in order to identify the possible dangers in the 
working environment. 

2. Physical access – the ability of maintenance personnel to position or reposition 
the body or other parts of the body within the work environment in a better 
working or ergonomically viable posture in order to perform the given task, and 
the ability to manipulate working tools etc. within the environment. 

3. Physical mobility- the ability of maintenance personnel to manoeuvre the body or 
part of it, often with tools, within the work environment in order to perform the 
maintenance task. 

4. Strength - the ability of maintenance personnel to generate the right amount of 
muscular force via hand-tools and other equipment - under specified conditions - 
for manual tasks, without experiencing exertion. 

5. Muscular and physiological endurance - the ability of the operator to maintain a 
certain level of performance for a certain period of time, while using tools and 
other equipment. 

6. Cognitive performance - the ability of maintenance personnel to perceive and 
process information mentally from the maintenance environment, and to decide 
on actions to be taken. Therefore, the instruction manual, arrangement and design 
of equipment, and so on can determine the speed and accuracy of the personnel. 
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7. Education and training - the ability of maintenance personnel to perform tasks 
successfully. This requires the ability to comprehend written and other 
instructions from maintenance manuals and to apply them to tasks. Education 
and training leads to reduction of mistakes by maintenance personnel. 

8. Safety –this is a vast area, but it involves the ability of maintenance personnel to 
use the equipment and perform the given maintenance tasks without exceeding 
their cognitive, mental and physical limitations. 

7.  Ergonomic Guidelines for improving Maintainability 

     Here, we present some of the ergonomic guidelines for improving maintainability and 
challenges arising from extreme cold climatic conditions.  

7.1  Cold Protective Clothing 

     To overcome some of the cold-related problems, adequate cold-protective clothing is 
necessary. The protection required in a cold environment often necessitates garments 
consisting of several layers of heavy thermal insulating materials which affect physical 
performance which, in turn, is measured in terms of energy cost [21]. A study by Murphy 
et al., [22] reported that the use of heavy clothing of 9.3 kg resulted in increased energy 
cost and increased physiological and psychological demand when performing tasks for a 
longer period. Duggan [23] suggested that increased energy cost is associated to the 
“hobbling effect” generally caused by the bulkiness and stiffness of clothing interfering 
with joint movements. The use of winter clothing is necessary while working in cold 
environment, however, the adverse effect of clothing can be diminished if the 
maintenance activities or repair time can be reduced significantly by designing a 
equipment that require less maintenance or by designing a equipment that can facilitate 
ease of maintenance and thus the exposure of a worker to cold can be reduced 
significantly. 

7.2  Illumination  

     The lighting available for visual inspection tasks can influence performance and 
productivity significantly. Improper illumination can make the discrimination of a defect 
difficult due to shadows, glare or too much or too little light. An inspection job that 
requires constant poor working posture to enable the maintenance personnel to get a good 
view of the component or equipment produces static muscle fatigue and can interfere with 
visibility. The maintenance personnel might have to bend over some obstacle to get close 
enough and could cast shadows on the surface or component being inspected and this may 
result in muscular fatigue and poor maintenance due to poor visibility. Yeow and Sen [24] 
reported a project where an ergonomic adjustment of the inspection workstation resulted 
in improved productivity by 6% and also resulted in a reduction of returned products from 
12% to 4.5%. Therefore, a proper illumination level can reduce the maintenance repair 
time or improve maintainability which can result in less exposure time in cold and 
improved working posture. 

7.3  Equipment Maintainability  

     A study by Seminara and Parsons [25], reports that the most common complaint made 
by a group of maintenance personnel working at nuclear power plant was the lack of easy 
access to the equipment requiring maintenance action. Inaccessibility to equipment or 
components is associated with the placement of components in such a way that 
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maintenance personnel find them unreachable or difficult to reach easily and far beyond 
their visual limits of inspection. In interview after interview, the proper access to the 
equipment by maintenance personnel was rated as a major obstacle and key issue for 
effective maintenance, and it was also found that 30% of savings in overall maintenance 
time could be achieved if proper access to equipment is available [25].  
     A large number of failures during operations of a system may be as a result of the fact 
that the equipment may not have been properly maintained or designed. Poor maintenance 
could be identified from the cost of maintenance. Poor equipment design can increase the 
time taken to perform maintenance tasks. High rates of accidents and injuries may be 
indicative of problems with the use and design of equipment [20]. Therefore, for operation 
in northernmost regions, industry must consider the ergonomic design of equipment at the 
primary stage in order to reduce the maintenance downtime. The cold conditions will 
double the impact on the maintenance personnel by restricting their ability to reach the 
equipment and parts of components as compared to a normal environment. The equipment 
should be designed in such a way that it should provide easy access for disassembly or 
assembly while working with cold-protective clothing such as gloves. For example,  
covers and maintenance hatches should be easy and quick to open and close, fasteners 
should be designed such a way that it can be opened and closed quickly with the use of 
gloves, this will result not only in decreased maintenance time but it will also enhance 
safety and job satisfaction. Therefore, the application of ergonomic principles in the initial 
design phase of equipment can help to improve maintainability of equipment and the 
safety of workers (Figure 1). 

Figure 1:  Improved Maintainability through Ergonomics Applications  

7.4  Facility Design for Maintenance 

     It is also true that many of the production facilities were designed about three decades 
ago, when they accommodated a certain number of personnel. Now, with the demand for 
production continuously increasing and at the same time the number of people has also 
increased in order to meet this demand, Seminara and Parsons [25] reported that 
congested workshops in a nuclear plant is due to the increased number of maintenance 
personnel. The other problem encountered in the layout of the facilities, was the 
placement of equipment and components in a location that was inaccessible from a normal 
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work position. In the same study it was found that the maintenance organization had made 
strong efforts to overcome the initial design deficiencies. For example, when considering 
the operation of oil and gas platforms in cold region, the facility design must take 
ergonomic factors into account in the initial stages, including the workers’ anthropometric 
measurements when wearing cold-protective clothing, their physiological performance in 
the cold, their visual access, their cognitive performance, and the placement of equipment. 
     In the past, designers have usually ignored or underestimated the consequences 
imposed by protective clothing and the limiting impact of such clothing on manual 
dexterity, field of vision, and reduced coetaneous sensitivity [25]. The improved facility 
design will increase visibility and reduce improper working posture while accessing the 
component which, in turn, will cut maintenance downtime and increase safety at the 
worksite. 

8.  Concluding Remarks 

     Modern technologies and automation are definitely offering means of reducing the 
exposure to cold by enabling the operator to stay in a remote, heated control room. 
However, not all systems can be designed automated due to high cost and the essential 
requirement of human interaction. Therefore, to improve maintainability and to ensure 
high availability of a system in cold climatic conditions, it is necessary to implement the 
ergonomic guidelines at the very early stages of the design phase of equipment or a 
system. Designers must try to reduce the need for maintenance by substituting the 
components that require little maintenance or no maintenance. For example, an automatic 
lubrication system can be installed in order to avoid manual lubrication of a system in the 
extreme cold conditions. Therefore, the introduction of ergonomics principles in the initial 
design stages will not only reduces the maintenance downtime but will also reduces the 
exposure to cold, thus preventing maintenance personnel from suffering cold injuries. The 
limited exposure to cold will enhance the cognitive and physical performance too.  In this 
paper, only design-related issues have been considered; other issues like characteristics of 
equipment, metals, and cost, have not been discussed. This paper also provides a basis for 
future research work on how maintainability can be improved by implementing 
ergonomics principles in the industry installed in the cold region. Research, development 
and innovations are key factors for the improvements in system design features as far as 
operability and maintainability in the cold are concerned [26].  
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