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This paper aims to quantify and assess the reliability of mast structures as a part of ensuring structure safety. The mast structure is a basic aspect of the overhead line electrification equipment (OHLE) used in railway systems. This structure is very important as the failure of structure leads to the failure of an electric system that supplies the power to the train. To ensure structural safety and reliability, this paper thus analyses the reliability index of the mast, stay tube, and bracket tube structures. According to Eurocode, buckling resistance under compression of these parts were calculated based on specific material properties, and the load condition of these structures is based on Australian Railcorp document TMC331. In this paper, the strength load combination with the wind loading on the wire at 45° on the track is considered in particular as being the worst load combination for structures to bear, and the random variables used to affect reliability probabilistic analysis. Various parameters including self-weight, wind load, dimension parameters, materials, geometrical properties are taken into consideration. Statistical models of these parameters are taken from previous studies. The reliability index value was calculated via quantification of structure reliability using the first-order reliability method (FORM). Finally, a sensitivity analysis is used to evaluate the impacts of yield strength, length, cross-section, density, and load combination on reliability. The obtained results show that increasing length of structure can potentially reduce the reliability of mast structure to buckling resistance while the density of material also plays a major role in the reliability index. The findings will provide the structural safety criteria of the railway mast structure and improve the standard design to mitigate the risks and unplanned maintenance due to the uncertainties.
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INTRODUCTION
An efficient railway system is a significant part of the robust national infrastructure of a country. Passenger traffic has increased by nearly 100% and freight by 60% over the past 15 years (Baxter, 2015). The overhead line electrification equipment (OHLE) is currently the preferred train power supplement worldwide, based on benefits in terms of operation, environment, passenger service, and comfort. The mast structure is the trackside column supporting an OHLE (Figure 1), which is made of steel. It should be noted that mast structure is a very sensitive structure to vibration (Beagles et al., 2016; Ngamkhanong et al., 2017) and environmental effects such as ground borne vibration (Ngamkhanong et al., 2018a; Ngamkhanong and Kaewunruen, 2018), wind (Network Rail, 2017; Ngamkhanong et al., 2018b), earthquake (Ngamkhanong et al., 2018a; Ngamkhanong et al., 2018c) etc., leading to the failure of OHLE due to the loss of contact wire (Shing and Wong, 2008; Robinson and Bryan, 2009; Taylor, 2013). Support condition of mast structure is a significant effect on the behaviour of mast structure (Ngamkhanong et al., 2017; Ngamkhanong et al., 2018b; Ngamkhanong and Kaewunruen, 2018). The transportation capability will be seriously affected if a mast structure is failed or not properly operated. Also, due to the increase in traffic and load demands, it is important to ensure the reliability and structural safety of the mast structure.
[image: Figure 1]FIGURE 1 | Single mast structure.
Due to the failure probability of mast structure leading to the failure of an electrical system, reliability analysis is a useful method to determine the structural ability to withstand the load actions under different conditions and uncertainties. Analysing reliability can help ensure the indicative values of design working life, reducing unnecessary and unplanned maintenance within the service life. Based on critical literature, the most practical method to analyse reliability is the limit state method. Probabilistic methods are frequently used when a few methods of reliability analysis exist (Omishore and Kala, 2009). But reliability analysis can be applied not only at the stage of structure design but also on assessing existing structures (Leonardo da Vinci Pilot Project, 2005). Research into the reliability of every kind of structure exists, and many studies state reliability as a reflection of the relationship between load actions and resistance. Five essential components for determining loading and resistance criteria were summarised as follows (Ellingwood and Galambos, 1982):
• Identify sufficient statistical data to describe the load and resistance variables
• Build procedures about calculating the reliability of structural members
• Establish design reliability indices for every member based on existing criteria
• Develop an equation that can balance theory and professional practice
• Develop criteria that let resistance and load correspond that come as close as possible to the target value chosen previously
Recently, the reliability analysis for steel structures has been studied. For instance, the reliability index of I section steel column was examined. Beck and Dória (2008) offered a reliability index of 2.5, corresponding to a nominal failure probability according to Eurocode. They also highlighted that whether this was a sufficient factor depending on the specifics of the occasion. Determining properties of compressive resistance of steel columns includes cross-section geometry; slenderness ratio; elasticity modulus; yield strength; residual stresses; and geometric imperfections. Other references for corroded steel bridges’ reliability (Galambos and Ravindra, 1978; Kayser and Nowak, 1989; BS 5950-3, 1990; Haiderali, 2020) listed the additional parameters associated with modes of resistance: for corroded steel under bending, these were compression yield strength, elastic modulus, reinforcement strength, and web and flange thickness. Clearly, the reliabilities of structures are influenced by many structural properties depending on the specific location and circumstances; therefore, it is important to find the basic variables underlying the process. Although all selected references considered some variables in their research, all the researchers noted that considering more variables and uncertainties would make their results more accurate. Moreover, time can be a variable to analyse the reliability of structures considering time-dependent properties. Time invariant analysis and time variant analysis with a 1-year period were used to compare the reliability index between time invariant and time variant models of steel frame (Sýkora, 2002). The effect of time-dependent deterioration was considered to analyse the reliability index of railway portal overhead structure (Hu and Chan, 2019). The study focused on the reduction of reliability index over time due to section loss. Time may indeed be a critical variable, and many standards involve timed limits. Note that most of the references noted above investigated the single variable influencing the whole structure; thus, they controlled single variables in their calculations. However, sought the difference in the evaluation of the reliability index sensitivity on random variables for each part (Radoń, 2011), thus developing three cases: Case 1 had a random variable in the load while the stiffness and coordinates were deterministic; Case 2 had random variables in the load and stiffness, with the coordinates remaining deterministic; and Case 3 had random variables in all three parts. The paper concluded that the whole structure was most at risk when load, resistance, and coordinates were all random variables. that the reliability of a structure was generally determined by the random variability of every component within the load, capacity, and system (Kubicka and Radon, 2015). Whatever the variables they chose; most references conclude that reliability analysis is a very complicated task and mostly based on the theoretical method. Based on known probability distributions, structure analysis can be used to observe the behaviours of a component, meanwhile, and where more data on variables are available, the results become closer to an accurate evaluation (Radoń, 2011).
The reliability analysis of railway mast structure considering the variations of sectional and material properties has not been fully investigated. It is important to note that the uncertainties in either load actions or resistance may significantly reduce the reliability index. The uncertainties related to structural geometries and material properties are taken into consideration in this study. This paper analyses the reliability of a specific structure, based on the definition in ISO standard (ISO, 2012; ISO, 2015), which is the ability of a structure or structural member to fulfil the specified requirements, during the working life for which it has been designed. The reliability index of a mast structure and its failure probability are developed to check the reliability of railway electricity supply structures. Calculating a reliability index involves applying the probabilistic theory of variables to resistance and load. The resistance and load effects of a structure determine the structure’s reliability, while they are influenced by many parameters such as density, elastic modulus, and cross-section. Based on recommended minimum values for reliability index under the ultimate limit states in EN 1990 (The European Union, 2002), the design process can be checked by using a reliability index; such a reliability index can also be used to assess existing structures. This paper not only aims to calculate a reliability index value based on multiple variables but also to study the sensitivity of the parameters on the whole structure’s reliability. Although the reliability analysis method has been adopted in analysing many kinds of structures such as steel truss and steel frame, it is new to analyse railway mast structure reliability. The findings of this study will quantify risks and therefore improve the reliability and inspection regime of mast structure while taking into account the degree of uncertainty of manufacturing process and construction and material properties.
CANTILEVER MAST STRUCTURE
Nowadays, trains are powered by electricity through the third rail or overhead wire. Overhead line equipment (also called “OHLE”), which is support by a cantilever mast structure or portal frame, is an equipment to supply power to make electric trains run faster and quicker. Cantilever mast structure is used for single or two tracks while the portal frame supports the OHLE for more than two tracks. It is known that a cantilever mast is a single slender column that is sensitive to vibrations (Kaewunruen and Remennikov, 2009; Dindar et al., 2018; Ngamkhanong et al., 2017; Ngamkhanong et al., 2019).
Based on different engineering requirements and geological conditions, several basic types of overhead wiring structures are used (RailCorp, 2011): these include single masts; cantilever masts; portal structures; anchor structures (guyed); anchor structures (free standing); and walkway structures (signal or feeder). This study focuses on the analysis of cantilever mast structures, in particular the support structures of this type used for OHLE, as shown in Figure 2. The sections, that will be analysed, are mast, stay tube and bracket tube as they carried the weight and wind load in a cantilever mast system. The stay tube and bracket tube are usually made of aluminium, and the diameter of the bracket tube is always greater than that of the stay tube due to their respective functions. The bracket tube is the structure-supporting catenary, while the stay tube insulates the structure from the mast using a stay arm insulator and adjusts the bracket tube position (Jain, 2014).
[image: Figure 2]FIGURE 2 | OHLE support components (Jain, 2014).
METHODOLOGY
In this section, the reliability concept is first introduced. This concept can help the engineer to quantify and assess the structural risks to guarantee structural safety. This paper uses the first-order reliability method (FORM) to quantify the reliability index. This method has been widely used for estimating structural reliability. The following sections present the calculation methodologies for load action and structural buckling resistance, respectively. This study considers the compression resistance of each component of a single mast structure for railway system. Three main components: mast, stay tube, and bracket tube are considered. The reliability of mast structures is analysed by the relationship between reliability index and failure probability of the load action and resistance of the mast structure. Therefore, it determined the probability of mast structure failure based on random variables under different uncertainties is determined. As the load, material and geometry are subjected to uncertainties, the parameters related to both load action and structural resistance including yield strength, cross section modulus, length, load factor, and density are taken into consideration.
Reliability Concept
Structural performance is determined by load and resistance parameters (Ghasemi, 2015). The theory of structural reliability requires that the relationship between the load actions (E) and structural resistance (R) to guarantee the safety of a structure. This limit state is defined as Z, being calculated as R minus E. Thus, the limit state function Z(X) is a safe state of a structure when it is positive, that is, when Z(X) > 0 where X is the random variables. The structure state is unlikely safe when this state function Z(X) is negative, which is Z(X) < 0. It is thus obvious that Z(X) = 0 is a critical point, and acts as the basic limitation of quantification of reliability. As for the limit state form, the load action and resistance are normally derived from the probabilistic models based on statistical distributions. The relationship can be represented by distribution curves as seen in Figure 3, which mainly describes the distributions of load action and capacity (resistance). It should be noted that the overlap area can be called the interference region. This region indicates the probability of failure in which the load action distribution exceeds the structural capacity. The structure is reliable when the interference region is small. Thus, it is important to move these distribution curves away from each other to reduce the probability of failure or increase the reliability index. Thus, this figure suggests that two methods to improve the reliability index are to increase the resistance or reduce load action.
[image: Figure 3]FIGURE 3 | Relationship between reliability index and probability density functions.
The reliability index β and probability density functions are shown in Figure 3. It should be noted that the reliability index is directly related to the failure probability. The reliability index can be calculated by various methods. This paper utilises the first-order reliability method (FORM) by taking advantages of the desirable properties of the standard normal probability distribution to approximate the limit state function and calculate the reliability index based on mean and standard deviation of the variables, where the failure probability of a structure is defined as [image: image], (Leonardo da Vinci Pilot Project, 2005).
[image: image]
Where ϕ is the standard normal distribution function. Thus, the reliability index, β, is inversely proportional to the probability of failure, [image: image]. Normally, these two factors have a relationship as shown in Table 1.
TABLE 1 | Relationship between failure probability and reliability index (Leonardo da Vinci Pilot Project, 2005).
[image: Table 1]On the other hand, the probability of failure can be written as Eqs 2–4.
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Hence, the reliability index can be calculated based on the function of the mean value of Z to its standard deviation as presented in Eq. 5.
[image: image]
Although the actual calculation of these two parameters appears complex, it is obvious that a larger value of β makes a structure safer. Thus, the calculation of β is a process of quantification of reliability. Hasofer and Lind (1974) developed an algorithm variant for the formulation of the limit state function, and the steps to calculate reliability were proposed from this:
1) Determine the limit state function.
2) Determine the statistical basic variables and get some data about them such as mean value, standard deviation, distribution function, and correlation matrix.
3) Transform the set of basic random variables into a set of independent variables.
4) Standardize the set of basic variables with the transformation X→U, which just like:
[image: image]
5) Find the length of the minimum distance vector from the new origin point to the limit state surface.
6) Obtain the design point and the sensitivity coefficients.
This paper aims to assess mast structure reliability based on mast structure model in the literature review, much like the practical structure. As practical masts have different specifications and material types, this paper model is assumed according to Pfisterer (2016). Mean value and standard deviation of resistance and load actions, which are presented in the next section, are required to develop the resistance and load action curve of the model. These values can be calculated based on some variable parameters’ mean values and standard deviations.
Load Actions on Mast Structure
To verify the reliability, the design situation and relevant limit states should be identified. It is important to ensure structural safety and integrity of the operational railway imposed to any additional loads. Each overhead wiring structure should meet the limit state requirement including strength, stability and serviceability. This paper uses STRAND7 software to generate load combinations acting on a mast structure to quanlity the compression force on each component. It is noted that the FE model has been validated previously and is considered in this study. The design value of various loads can be determined by applying the standard: design of overhead wiring structures. However, calculating load effects requires the use of partial factors. Normally, Eurocode 3 (The European Union, 2002) offers partial factors for permanent and variable actions. But taking into account the special nature of the mast structure compared with other structures, this paper chose partial factors for load combinations from RailCorp (2011) since it provides a more crucial effect on mast structure than Eurocode 3. The primary load cases that have been selected for design are based on combining comparable actions such as permanent effects, transient effects, and wind loading together, allowing for the application of appropriate load factors to each while still producing enough flexibility in load cases to produce combinations that will produce the desired strength and serviceability results. The primary load cases are weight load (LC1), live load (LC2), radial load (LC3), wind wire X (LC4), wind structure X (LC5), wind structure 45 (LC6) and wind structure Z (LC7). Theses primary load cases are combined to determine limit state design loading. For overhead wiring structures, three kinds of combination limit state load cases (LC) are considered: strength load cases, serviceability load cases and, stability load cases. Due to the special functions and components involved, the major loads acting on mast structures are weight load and wind load. After calculation and comparison, the strength load cases from RailCorp (2011) is the most critical. Thus, it is used to calculate the worst influence of combination load for the structure considering Eqs 7–10:
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WL = weight load, which includes every part of this system
RL = radial load and anchor load
WWX = wind wire X, which is the wind loading on the wire at 90° on the track
WW45 = wind wire 45, which is the wind loading on the wire at 45° on the track
WSX = wind structure X, which is the wind loading on the structure at 90° to the
WS45 = wind structure 45, which is the wind loading on the structure at 45° to the track
RailCorp (2011) provides a set of uniformly distributed loads on the members to represent wind pressure based on the structural type and section and wind direction. In the case of WW45, the loads are distributed equally on mast structure in longitudinal and transverse direction of the track. Meanwhile, WWX is the wind loading acting on mast structure in transverse direction of the track. It should be noted that LC11 is noted as a worst scenario for load action. As for the strength combination, LC11 can be written as 1.2LC1 + 1.2LC3 + 0.5LC4+ LC6 Where LC1 is the weight load case, LC3 is the radial load and anchor load case. LC4 is the wind wire 45 load case. LC6 is the wind structure 45 load case. Weight load includes self-weight of structural components, overhead wire, and electrical fitting. It is noted that the spacing between the mast structure of 50 m is assumed in this study. The overhead wiring with 150 mm2 nominal cross-section and self-weight of 1.42 kg/m is transferred to the registration contact point on mast structure (Elcowire, 2017). Moreover, the weight of electrical fitting is 1.2kN applied to the drop vertically and then transferred to the mast structure. As for wind load, the wind pressure on the structure is determined using the average recurrence interval of 25 years according to Joint Standards Australia/Standards New Zealand Committee (2011). The wind span, which is the spacing between mast structure, of 50 m is assumed in this study. The wind pressure of 0.36 kN/m is uniformly distributed on the mast at 45° to the track.
Buckling Resistance of Members Under Compression
In terms of civil engineering, different structure failures display different kinds of failure patterns. For mast structures, one of the most common failure patterns is buckling. According to Eurocode 3 (The European Union, 2005), the buckling resistance of a column in compression can be calculated. This paper focuses only on the associated axial force so that only the axial force and capacity of each component are calculated. However, it should be noted shear stress and bending moment also have significant influences on mast structure failure. Therefore, future research will focus on shear stress and bending moment. For this paper, buckling resistance under axial compression can be calculated according to Eurocode 3 (The European Union, 2005):
[image: image]
[image: image] = reduction factor for the relevant buckling mode
[image: image] = partial factor of resistance
[image: image] = design buckling resistance of a compression member
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[image: image] = the elastic critical force for the relevant buckling mode based on the gross cross-sectional properties
α = imperfection factor (depend on the buckling curves in (The European Union, 2005)
The imperfection factor α is determined by the steel cross-section shape, which is different in the mast, stay tube, and bracket tube. It is also determined by its limits, axis, and steel type. These parameters determine the buckling curve of a specific steel column, and thus, for every type of buckling curve, there is an associated value of imperfection factor, as seen in Table 2.
TABLE 2 | Recommended values for imperfection for buckling curves (The European Union, 2005).
[image: Table 2]To obtain the structural resistance, this paper uses specific size and materials for mast, stay tube, and bracket tube that have been generally used for mast structure. The structure materials and other properties were adopted (PPS International, 2018; Government of South Australia, 2013). Stay tube and bracket tube are made of special aluminium alloy with A2/A4 grade stainless steel hardware while the mast column is made of steel with a yield strength of 320 MPa. For the model’s size, the standard of minimum length was given Gwalior (2013). So, the length of each part is chosen according to circumstances in the United Kingdom. Dimensions of each component are presented in Table 3. As for the statistical parameters, Joint Committee on Structural Safety (JCSS, 2000) is a committee in the field of structural related risk and reliability that publishes statistical properties of related parameters, as shown in Table 4 and used in the current work. The mean values of material properties are the typical values that have been widely used for steel and aluminium alloy. Mean values and coefficient of variation are given in Table 4. These values are used to quantify the reliability index following the methodology in Section 3.1 by evaluating the mean value of limit state function divided by the standard deviation of limit state function.
TABLE 3 | Sections of each component.
[image: Table 3]TABLE 4 | Statistical model of the selected mast structure (JCSS, 2000).
[image: Table 4]It should be noted that the resistance values based on Eurocode three demonstrate discrepancies compared with practical data; however, they are usable in theoretical methods to obtain a value for resistance. It is noted that load case LC11, the most critical load action, is chosen to be considered for reliability index quantification while the resistance model is based on Eurocode three shown in Eq. (11) taking into account the mean and standard deviation values of each material property and component. Thus, the limit state equation based on variations of load and resistance parameters is shown. Reliability analysis is conducted in accordance with FORM.
[image: image]
where [image: image] is the buckling resistance of the column and [image: image] is the column load which is the sum of individual loads.
The following conditions present the states of structural components:
• Failure state: [image: image] when load exceeds the resistance.
• Safe state: [image: image] when resistance is larger than load.
• Limit state: [image: image] when load is equal to resistance.
RELIABILITY ANALYSIS RESULTS AND DISCUSSIONS
This paper adopts the well-known first order reliability method (FORM), which has been widely used, to calculate the reliability index. The FORM approach approximates the limit state function with a linear assumption and will therefore provide the same assessment of the probability of failure. This approximation slightly introduces errors in the assessment of the probability of failure. However, this method is a convenient theoretical way to study the sensitivity of the parameters and obtain the reliability index (Manoj, 2016). As noted in the previous section, the target reliability index is required and this target reliability index depends on the specifics of a structure, including the structure design service life and its degree of importance. According to JCSS (2000), as for mast structure, the minor consequences class of failure can be selected as the target reliability index design for the ultimate limit state of structural systems. It is classified by the relative cost of safety measure. The target reliability indices are set as 3.1, 3.7 and 4.2 for the large, normal, and small relative cost of safety measure.
Generally, for a connected structure, the minimum value of the reliability index is used to evaluate the whole structure. As seen in Table 5, the minimum value 1.90 corresponds to a failure probability of 6 × 10−2 (After interpolating the values from Table 1). For structures without long lifespans that are easy to maintain, this is not particularly dangerous.
TABLE 5 | Reliability index of every part.
[image: Table 5]With regard to sensitivity analysis, some parameters and properties such as density, whose standard deviation is not so big in practice, fluctuate by up to 10% under research conditions, while some parameters, such as yield strength, change significantly for different kinds of materials, possibly even more than 10%. Even though, in fact, the variations of the section and material properties are not as big as 10% since the manufacturer carefully control the standard, the section and strength of materials could be affected and deteriorated by environmental effects and design problem. The reliability index obtained from different parameters is then compared with the target reliability index.
As noted in the methodology section, yield strength is relative to resistance, and thus also has a relationship with the reliability index. In practice, steel and aluminium have different kinds of yield strength to choose. Figure 4 shows the effect of yield strength variation on the reliability index of every part, and this data can be used to offer proposals about material usage in different situations for the mast structure. The reliability index will increase as the yield strength increases, and the mast, stay tube, and bracket tube show similar trends as the yield strength changes. Although it is not obvious, the trending lines suggest that as the yield strength becomes higher, the influence of yield strength becomes lower. These trending lines resemble a logarithmic function line, suggesting that higher yield strength can slightly improve structure reliability as a higher yield strength will offer the structure higher resistance, making it more reliable.
[image: Figure 4]FIGURE 4 | Effect of yield strength variation on reliability index.
As well as yield strength, cross-section modulus could be an influential parameter for structure resistance. Figure 5 shows the results of the reliability index when changing cross-section modulus. When cross-section modulus value fluctuating by around 10 percent the lines show the influence of cross-section modulus on reliability. Cross-section modulus variation does not influence the reliability index much from these lines trending. However, as the actual cross-section variation of a specific area is small, and thus the standard deviation of cross-section modulus does not matter in terms of reliability. The mast, stay tube, and bracket tube reliability indices show similar trends as the cross-section modulus changes. Thus, although its influence is not large, increasing cross-section modulus can slightly increase structure reliability.
[image: Figure 5]FIGURE 5 | Effect of cross section modulus variation on reliability index.
As seen in Figure 6, the reliability index is influenced by structure length significantly, with a trend line resembling an exponential function line. The longer the structure, the lower the reliability index, as the structure is at risk of buckling with specific loading. For the mast, because its length is 7.5 m, 10% of length is 75 cm, creating a large error in mean value. This situation rarely appears. For stay tube, which is always 3 m or less, 10% is 30 cm or less, and such a variation will have a severe influence; this situation is more likely to appear in practice. Longer columns have a negative impact on structure reliability. Since OHLE special functions, mast structure has a minimum length in practice. Nonetheless, the result can suggest designers how to choose the proper length for mast structure.
[image: Figure 6]FIGURE 6 | Effect of length on reliability index.
Figure 7 represents the load factor’s effects on the reliability index. It should be noted that the load factor presented is the factor that multiplies the strength load case LC11 so that each load factor for each load is larger. For the mast and stay tube, when the load factor is 1.3, the reliability index reaches zero, which means that loading of anything over 1.3 times the present load may make this structure dangerous. For the bracket tube, this value is 1.4. Compared with the stay tube, the bracket tube can thus bear a little more stress. For these three parts, changing load combinations has more influence than some variables of resistance. As the load grows, the structure thus becomes weaker. For a practical situation, it is more important to analyse the components of the strength limit state load combination, which is mainly self-weight and wind influence for a mast structure. Even in some extreme climate, the load combination could change a lot. The designers should take them into consideration.
[image: Figure 7]FIGURE 7 | Effect of load factor on reliability index.
The self-weight of the OHLE mast structure plays an important role in load action. Self-weight depends on structure density. And for any specific structure, density usually does not change a lot in practice, since in Table 4 coefficient of variation of steel density is 0.01. This paper thus completed a 10% sensitivity analysis. As the three parts of interest are not made from the same materials, changes of density based on their original density are required, and it is obvious that the three parts do not show the same trends as Figure 8. The trends of reliability index changes in the three structures as the densities change are very different. For the mast, the reliability index reduced as the steel density increased. However, for the stay tube and bracket tube, the reliability index increased with increases of steel density as the wind load on the wires is the major load for the stay tube and bracket tube, with their self-weights being small. The wind load on wires has the opposite direction to self-weight, and thus, as the self-weight of the stay tube and bracket tube increase, the load action combination of these structures reduces. In contrast, the self-weight of the mast plays an important role in forming the load it bears. Density increases thus make the mast bear more load, making it more dangerous. Thus, the reliability indices of the stay tube and bracket tube increase but the reliability index of the mast reduces as steel density rises. This effect can be used to predict the influence of structure materials on structure reliability. And it is rarely the case that the heavier a structure is, the more reliable it is.
[image: Figure 8]FIGURE 8 | Effect of density on reliability index.
CONCLUSION
This paper investigates the reliability or safety indices of a mast structure using a strength load combination. The results were obtained using FORM. The reliability indices seen show that the bracket tube is the most dangerous part of this structure and comparatively the stay tube is the safest part in this structure. The reliability of a structure involves many random variables, and it is obvious that different variables will affect structure reliability differently. According to the results, resistance and load effects distribution impact the reliability index directly, and this paper thus offers the reliability index of the mast, stay tube, and bracket tube based on the specific material properties described. These values will change where any material property changes or load changes are made; thus, a sensitivity analysis was undertaken to examine the results of such influences. Among all parameters, the cross-section modulus may influence reliability least; however, as the cross-section modulus does not directly relate to the cross-section area, it may be better to find another parameter connected with the cross-section area. It was found that structural density and length are the most sensitive variables affecting the reliability index. It should be noted that, in order to reach the target reliability index, the length of the mast should be decreased from the nominal value to reduce the slenderness ratio of the member. Quantification reliability index could save unnecessary cost and unplanned maintenance. Normally, if the reliability index has met the target reliability requirements, it is easy to find the most cost-optimisation structural size capable of withstanding the loads. Quantification of mast structure reliability could evaluate existing mast structural safety and do some prediction of its service life in advance considering many uncertainties. The outcome of this study will help structural engineer to improve the design standard of the mast structure and mitigate the risk of safety concerns and delays due to unplanned maintenance, thus paving the way for a practical impact for society.
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ABBREVIATIONS
E, is the load actions; R, is the structural resistance; Z(X), is the limit state function; [image: image], is the reliability index; [image: image], is the probability of failure; [image: image], is the design buckling resistance of a compression member; [image: image], is reduction factor for the relevant buckling mode; [image: image], is the partial factor of resistance; α, is the imperfection factor.
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