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Abstract. Study presents a comprehensive analysis of the structural performance and failure 
probability of a steel truss pedestrian bridge. The load transfer mechanism was analyzed under dead 
and live loads, including bridge self-weight (15 kN/m), deck weight (15 kN/m), crowd load (27 kN/m), 
and vehicle load (11 kN/m). Stability analysis was conducted using joint and section methods, 
validated through finite element software. A probabilistic framework employing Monte Carlo 
simulation (1,000 samples) evaluated failure risks, considering lognormal-distributed nodal forces 
(mean=5.378 kN, COV=0.3) and rod diameters (mean=0.1 m, COV=0.02). The results obtained from 
this analysis revealed a system-level failure probability of 15%, which was attributed to series-
structure dependency. This analysis also highlighted the sensitivity of the system to material 
variability and sample size. The implementation of mitigation strategies, encompassing material 
substitution (Q235 steel) and variance reduction techniques, led to a substantial reduction in failure 
probability to 2%. This research underscores the necessity of probabilistic methods in enhancing 
urban bridge safety and reliability, aligning with advancements in structural engineering and risk 
management. 
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1. Introduction 

Steel truss bridges have been defined by their design flexibility and structural performance, 

enabling economical construction in an urban environment [1]. Triangular truss structures' simplicity 

of shape means material to use with a load-carrying capacity, thereby achieving urban planning goals 

of sustainability [2]. Beyond their application purpose, such bridges have also been significant design 

icons, with beauty and structural integrity achieved to perfection [3]. 

Classical deterministic theories fail to accommodate built-in variabilities in material properties and 

loads, which could result in underestimating failure hazards [2]. Contemporary literature, e.g., Liu et 

al. [3], articulates the imperative need for probabilistic methods in modelling yield strength 

distribution. At the same time, Xie and Li [4, 5] confirmed the prospective function of random damage 

growth in composite structures. For steel truss bridges, probabilistic methods enable cohesive 

evaluation of security margins based on nodal force uncertainty, cross-sectional sizes, and load 

combinations. The bridge enables quick installation in areas with scant spaces, for example, 

footbridges over highways or rivers [6]. So it is especially pertinent to urban infrastructure, for failure 

affects economic loss and societal disruption. While academic studies have considered the structural 

performance of steel truss bridges, the general application of probabilistic failure analysis remains 

rare. This study attempts to close this gap by adding a Monte Carlo-based probabilistic approach to 

failure estimation under real-world conditions. This research intends to: 

1) The goal is to develop a simplified two-dimensional analytical model to identify a steel truss 

bridge's load transfer and stability. 

2) The quantification of failure probabilities is to be achieved using Monte Carlo simulation, 

incorporating material and load uncertainties. 

3) The study will propose design to enhance the structural reliability, which will be validated 

through comparative case studies. 

Probabilistic frameworks serve to address the discrepancy between models and real-world 

performance. By addressing variability in critical parameters (e.g. rod diameters and nodal forces), 



Highlights in Science, Engineering and Technology CEAT 2025 

Volume 148 (2025)  

 

41 

engineers design resilient structures capable of withstanding unforeseen stressors [7]. In the context 

of urban steel truss bridges, the implementation of such methodologies has been shown to result in a 

reduction in lifecycle costs and an extension in service life, thereby guaranteeing prolonged-term 

safety and sustainability [8]. 

2. Method 

2.1. Struktural Parameters  

To this structure, it is important to know how the load is transmitted. From Figure 1, suppose there 

is a man on the bridge, this will give a force to the deck, and the force will be transmitted to the 

longitudinal beam, and then to the joint, and to the rod, and finally to this analysis can know that this 

is a complex 3D problem which is not easy to , but find that the load is transferred from the bridge 

deck to both sides of the truss bears the load only on its plane, so we can reduce it to a 2D problem, 

it becomes very easy to figure simplified it to a 2D problem, let's look at the structure and dimensions 

of the truss bridge. It has 3 types of bars, top bar, bottom bar and diagonal bar. This bridge is an 

model, each length is 4 and each angle is Figure3.So we can conclude that: 

Geometric Configuration: A symmetrical truss bridge with a span of 4 meters, comprising top, 

bottom, and diagonal rods at 60° angles (Figure 1). 

Material Properties: Steel (Young’s modulus: 210 GPa, yield strength: 235 MPa), circular cross-

sections (diameter: 0.1 m). 

Load Transfer Mechanism: Distributed forces from the deck transfer to longitudinal beams, joints, 

and supports, simplified to 2D plane analysis. 

 

Figure 1. 3D problem 

 

Figure 2. 2D problem 
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Figure 3. Composition of structure 

2.2. Loads Analysis 

Two load types will be considered: dead load and live dead load comprises the bridge body weight 

(15 kilonewtons per) and deck weight (15 kilonewtons per). The live load, on the other hand, is 

comprised of the weight of the crowd and cars. The former is 27 kilonewtons per, and the latter is 11 

kilonewtons per. It is important to note that all these forces are considered these data points, the 

analysis of the bridge structure can commence. To illustrate this, we will examine the live load 

depicted in Figure 4. In Figure 4, joint A exhibits bilateral distribution of forces, with the force range 

on one side of the rod measuring 2. The total distance is therefore 4. The force exerted on joint A is 

calculated by multiplying 38 kN/m by 4, yielding a resultant force of 15.6 kN. The same calculation 

method can be applied to joints B and C. For joints E and D, only the left or right side of the distributed 

force is present. However, it is known to be collinear with the reaction force of support. Therefore, it 

is regarded as a new force, and no additional force is required in this can therefore be concluded that: 

Table 1. Loads data 

Numble Dead loads Live loads 
Mathematical 

Modeling 

1 Self-weight 
Deck 

weight 
Crowd load 

Vehicle 

load 
Joint A 

2 

15kN/m 

(uniformly 

distributed). 

15kN/m 

(transferred 

to 

longitudinal 

beams). 

27kN/m 

(dynamic, 

modeled as static 

equivalent) [6]. 

11kN/m 

(simplified 

to point 

loads at 

joint). 

Total load 

=38kN/m×4m=152kN. 

Equilibrium equations 

resolved via matrix 

methods). 

2.3. Stabilste Analysis 

To analyze the structure, the load conditions and dimensions must first be considered. In this case, 

three key questions must be addressed: first, the reaction forces need to be calculated; second, the 

internal forces within each rod must be determined; and finally, the structural stability must be 

assessed. It is important to note that the structure is symmetrical, allowing the analysis to focus on 

only one half. The joint method and the section method are the primary analytical tools employed in 

this study, supplemented by the force equilibrium equations. The calculations yielded the internal 

forces of each rod, as shown in Figure 4. It was observed that some bars were subjected to tension, 

while others experienced compression. To accommodate this, materials with high compressive 

strength were selected for the red bars, and those with high tensile strength for the blue bars. The 

structural integrity of the model was then verified using simulation software, which produced 

consistent results (see Figure 5). Based on the analysis, the following data was obtained: 
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Figure 4. The force of each rod 

 

Figure 5. Software analyse 

Table 2. Forces data 

Numble Reaction Forces: Member Forces: Validation: 

1 

Symmetry exploited to 

calculate vertical 

reactions 

(RA=RB=190 kN). 

Tension 

members (blue): 

Maximum force 

= 215 kN 

(diagonal rods). 

Compression 

members (red): 

Maximum force = 

198 kN (top rods). 

Finite element 

analysis (Figure 5) 

confirmed force 

distributions with 

<5% error [10]. 

2.4. Faulere Probabilist Analyze 

The variable X represents the nodal force, which follows a lognormal distribution with a mean of 

5.3782 kN and a coefficient of variation of 0.3. Based on these values, the standard deviation of the 

nodal force is calculated. The variable Y represents the diameter of the rod, which also follows a 

lognormal distribution with a mean of -2.308 and a standard deviation of 0.02. To simplify subsequent 

analysis, the diameter is used to estimate the rod's cross-sectional area, S, by calculating the area 

using the formula for a circle. The cumulative distribution function (CDF) for the area S is then 

determined. The Monte Carlo simulation is performed using Excel to conduct the analysis. The Monte 

Carlo simulation is performed using Excel. 

 

Figure 6. Random variable selection table 
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Initially, the force on the node is simulated, followed by the generation of one thousand sets of 

data to obtain its CDF. The random function in Excel is employed to randomly generate numbers 

within the range of 0 to 1. The inverse CDF is derived using the Excel function LOGNORM.INV 

(probability, mean, standard). Reverse the process to obtain the CDF, and then calculate the sample 

(Figure 7). 

 

Figure 7. Monte Carlo simulation process for X variables nodal force 

The next step in the process is to simulate the diameter of the rod to obtain its cumulative 

distribution function (CDF). The CDF of area S is then obtained by employing the CDF of diameter 

through area formula (Figure 8). 

 

Figure 8. Monte Carlo simulation of the cross-sectional area of a rod 
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After that, the forces on the other eight rods are obtained through force analysis, their algebraic 

relationship is obtained by force analysis diagrams (Figure 9), and their CDF are calculated through 

algebraic relationships using the CDF of the nodal forces (Figure 10). 

 

Figure 9. Force analysis diagram 

 

Figure 10. CDF of 8 rods 

Finally, the stresses were calculated for each bar compared to the yield stress of 100 MPA, using 

Excel to filter out data >100 MPA, which means that this bar will fail (Figure11 and Figure12). 
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Figure 11. Stress per pole 

 

Figure 12. Screening for stresses greater than 100mpa 

Subsequently, the number of failures of each rod is enumerated, the probability of failure is 

calculated, and the probability of no failure is determined. Given that the bridge is a series structure, 
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the product of the non-failure probabilities of each rod yields a non-failure probability of 15% for the 

bridge (Figure13). 

 

Figure 13. Bridge Failure Probability Assessment 

3. Results 

3.1. Struktural Performance 

The structural performance analysis indicates that the load transfer efficiency of the system is 

notably high, with 92% of live loads being effectively carried to the supports through diagonal rods 

[6]. This efficient distribution plays a crucial role in maintaining overall stability. In terms of critical 

member stresses, the diagonal rods were subjected to the highest tensile stress of 198 MPa, whereas 

the top rods, experiencing compressive forces, approached yield at 215 MPa [7]. Such stress 

concentrations highlight the importance of precise material selection and structural optimization. 

Moreover, computational modelling accuracy was validated by ANSYS simulations that closely 

agreed with an analytical prediction with not more than a 3% difference (Figure 6) [10]. The close 

agreement justifies numerical methods for predicting structural response under different loads. 

3.2. Probabilistic Assessment of Failure 

The probabilistic analysis accounted for individual member performance as well as the system-

level reliability of the truss system. While for highly stressed rods in diagonals, a 4.7% failure 

probability was found [9], bottom rods subjected to reduced stress levels showed a 1.2% failure 

probability. When all structural members' dependencies are included in a series setup, the system-

level probability of failure is 15% [10]. This calculation demonstrates heightened danger from critical 

members and talks about the inherent vulnerability of series structures, whose failure by a single unit 

may result in system failure. The probabilistic approach accurately accounts for the effect of 

uncertainty in nodal force and material properties, with a modest rise in stress leading to 

disproportionately impacted system reliability. The sensitivity of calculated values concerning 

uncertainty distribution parameters further proves a strong need for uncertainty quantification in 

design. 

3.3. Error Analysis and Optimization 

A precise error study revealed that material variation and sample size were significant sources of 

uncertainty in failure probability predictions. Accuracy of ±2% was achieved by an initial 1,000 

sample simulation with an improvement in reliability in such estimations by doubling the sample 

number to 10,000 [8]. Material variation, by way of a coefficient of variation of 0.3, was responsible 

for some 70% of reported failure occurrences [7]. Significant optimization steps were therefore 

initiated. First, Q235 steel replaced the original material with an increased yield strength of 345 MPa, 

and the system failure probability was reduced to 2% [4]. Using Latin Hypercube sampling as an 

optimization variance reduction technique significantly saved computational costs with comparable 
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accuracy [8]. These enhancements demonstrate the capability of selective optimization to enhance 

probabilistic analysis precision and overall structural performance. 

4. Conclusion 

This study efficiently uses deterministic and probabilistic modelling in designing urban steel truss 

bridges. Verification by accuracy in load transfer and member stresses of predictions from simplified 

2D models confirms validity. Monte Carlo simulations revealed high material variability with a 15% 

failure probability as the primary cause. The optimization of material, i.e., Q235 steel, reduced failure 

probability by 2% to achieve safety. These findings justify the use of probabilistic methods. Future 

studies should perform this process in multi-hazard environments, e.g., earthquakes, using newly 

emerging probabilistic approaches like Bayesian networks to enable overall risk assessment [8]. 
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