
Akriti Gupta, 2021, 9:5 
ISSN (Online): 2348-4098 

ISSN (Print): 2395-4752 

 

© 2021 Akriti Gupta. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly credited. 

Fatigue Life of a Non-Cantilever Highway 

Truss with Tubular Joints 
Akriti Gupta, Vijay Kumar Shukla, Dr. R. N. Khare 

Department of Civil Engineering 

Vishwavidyalaya Engineering College, Ambikapur 

akritigupta157@gmail.com, vijaykumarshukla06@gmail.com, rn_khare@rediffmail.com 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

I. INTRODUCTION 
 

Fatigue is defined as the loss of resistance of a 

material with the application of dynamic or repeated 

loads. The fatigue failure is characterized by the loss 

of strength due to the cracks grow. Fatigue is a 

progressive deterioration of a structure by crack 

growth, due to a series of stress variations (cycles) 

resulting from the application of repeated loads, such 

as induced in bridge components under traffic loads 

and heavy vehicle crossings. Bridge decks must 

withstand one of the most damaging types of live 

load forces i.e., the concentrated and direct pounding  

 

 

 

 

 

 

 

 

 

 

 

of truck wheels. The present investigation utilizes 

techniques for counting stress-cycles and for 

applying cumulative damage rules combined with S-

N curves [28]. The first steps of the composite 

highway bridge study involved an extensive literature 

review of the techniques used to define steel and 

composite bridges service life, a study of the 

Abstract- The maintenance and safety of existing bridges is an important concern of all highway 

agencies. To assure adequate safety and to assist in assessing maintenance needs, highway bridges 

are periodically inspected, usually at 2-year intervals. In conjunction with such inspections, a safety 

rating is established by procedures given in the Manual for Maintenance Inspection of Bridges. The 

Manual presents detailed procedures for rating the strength capacity of steel bridges but does not 

give detailed procedures for assessing the safety with respect to fatigue. Instead, it suggests that the 

Standard Specifications for Highway Bridges hereinafter referred to as the Specifications be used as a 

guide in assessing fatigue strength. The fatigue provisions in the Specifications were originally 

adopted before adequate information was available on the fatigue conditions in actual bridges. 

Therefore, these provisions do not reflect the fatigue conditions that actually occur. Instead, they 

combine an artificially high stress range with an artificially low number of stress cycles to produce a 

reasonable design. Furthermore, the fatigue provisions in the Specifications are presented in terms of 

allowable stresses and do not indicate how to calculate the remaining life of an existing bridge, 

which is needed to make cost-effective decisions regarding inspection, repair, rehabilitation, 

replacement. Neither the Manual nor the Specifications considers secondary bending effects or 

cracked or repaired members. The objective of the present study is to develop practical fatigue 

evaluation procedures that: Realistically reflect the actual fatigue conditions in highway bridges. Give 

an accurate estimate of the remaining fatigue life of a bridge and permit this estimate to be updated 

in the future to reflect changes in traffic conditions. The report also provides information and 

references on several factors that are not considered directly in the proposed evaluation and design 

procedures: (a) secondary bending, (b) cracked members, and (c) corrosion and mechanical damage. 
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theoretical aspects of fatigue in steel, and the 

recommended procedures present in main steel and 

composite structural design codes. The design codes 

recommend the adoption of the S-N curves 

associated with the Miner’s damage rule to evaluate 

the steel and composite bridges fatigue and service 

life [29]. These codes also recommend that the bridge 

structure designs should avoid local stress 

concentrations, to prevent possible fatigue points. 

The accuracy of analytical assessment of bridges 

depends on the ability of the tool to simulate the 

problem. The bridge assessment can be done by 

conducting laboratory experiments, field tests and 

also through analytical means [30]. 

 

II. PREVIOUS STUDIES 

 
the design of deck panel and supporting girders and 

to find out the fatigue life of the specified reinforced 

concrete T-beam bridge under transient load due to 

moving vehicles. In this study, nonlinear finite 

element analysis is carried out using for fatigue 

evaluation of reinforced concrete T beam Bridge, built 

across river is chosen for this study[36]. It is a 

roadway bridge 11.05m wide, and 97.28m long 

straight through three main longitudinal girders and 

sixteen cross girders. 7.5m carriageway width and 

22.3 m span RCC T-Beam bridge across river. The 

global method of analysis for T beam girder bridges 

involves the analysis of the deck slab and the 

longitudinal and crosses girders. Materials used are of 

M25 grade concrete and Fe 415 steel. The bridge 

superstructure is 22.3m span simply supported along 

the span[37]. Nonlinear analysis of bridge model was 

carried out under the simulated wheel load of IRC 

Class A wheeled vehicle as per IRC 6-2000.  

 

The following points are considered.  

 Loading will be used for the calculation of stress 

ranges as per IRC –Class A loading.  

 For simplifying the number of cycles per vehicle will 

be assumed equal to one cycle per truck  

 The value of average daily truck traffic (ADTT) was 

assumed less than 5228 truck/day.  

 The growth factor is assumed as 6-7.5% for road 

bridges in rural areas.  

It was found that the remaining fatigue life for the 

deck slab of the bridge is to be 60 years and 

remaining life of cross girders and longitudinal 

girders are to be 68 years and 72 years. Fatigue life of 

the bridge is also found out by SAP2000 software by 

checking the deflection values that failed the 

permissible deflection limit provided From the SAP 

analysis the remaining life of the bridge is to be 71 

years. investigated fatigue evaluation of long span 

suspension bridge using hot spot stress approach, 

the FEM is used to determine the hot spot stress of 

critical fatigue location. For long span bridges, 

individual vehicles produce very small stress cycles in 

members, but larger cycles may be produced when 

the entire bridge is subjected to lane loading during 

peak traffic hours. Fatigue damage in the region of 

the fatigue crack growth initiation and growth of 

cracks in micro-scale can be well modeled by the 

CDM (Continuum Damage Mechanics) concept.  

 

Typical joints are developed and the stress 

concentration factors are determined. A comparison 

is made between the nominal stress approach and 

the hot spot stress approach for fatigue life 

evaluation of the Tsing Ma Bridge[38]. Due to its 

importance in the Hong Kong transportation 

network, a structural health monitoring system has 

been installed to monitor the integrity, durability, and 

reliability of the bridge. The 4-node shell element is 

adopted to model the orthotropic deck and the 3 

dimensional 2-node beam element is used to model 

the longitudinal truss, the main cross frame, 

intermediate cross frame, the main cable and the 

hangers. More than 7,579 nodes and 17,677 elements 

are included in the Tsing Ma Bridge FE model.  

 

The verification of the global model shows that the 

global finite element model of the Tsing Ma Bridge 

could give reasonable stress results for both static 

and dynamic analysis[39]. With the help of the SCF 

value, the nominal stress range can be converted into 

the hot spot stress range. The result of the fatigue 

damage and life prediction based on hot spot stress 

gives a more appropriate fatigue damage 

accumulation result compared to that based on the 

nominal stress approach. 

 

 
Figure 1: Probability distribution of wind directions 
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III.PROBLEM IDENTIFICATION 

 
Before going into the fatigue analysis details, let us 

consider the following example. Say we wantedto 

break a metal rod that is not too thick. How would we 

tackle the task? In a brute-force way like the guy in 

the picture below or some other way? Well, if we 

asked a fatigue analysis expert, he would probably 

suggest us to repeatedly bend both ends of the rod 

slightly upwards and downwards. And he would be 

right. The rod would break. Maybe not immediately, 

maybe not after one hundred repetitions, maybe not 

after one thousand repetitions, but eventually it 

would break[45]. 

 

When bending is repeatedly applied for a sufficient 

period of time microscopic cracks are initiated in the 

cross-section of the rod. As the bending continues 

these tiny cracks are propagated until they grow to a 

point where the rod breaks. This phenomenon is 

called crack propagation. As depicted in the figure 

below, cracks can propagate in three modes 

depending on the relative orientation of the load. 

probably don't care much about the broken rod from 

the example above, right. Well, what if the same rod 

was a part of a more complex and bigger structure, 

such as bridge, an airplane or a train, and its fracture 

could cause a severe accident with people involved?  

 

 
Figure 3 Demolished bridge. 

 

Clearly, crack propagation poses serious    problems 

of both design and analysis in many fields of 

engineering, especially in civil engineering where 

safety is of paramount importance. What makes crack 

propagation even more problematic is that isis very 

hard to be explicitly detected and measured [46]. 

Therefore, fatigue analysis engineers typically use 

implicit statistical and predictive tools described in 

the following chapters. 

 

 

IV.RESULT AND ANALYSIS 
 

1. Fatigue Analysis Basics 

we introduce some basic terms used in fatigue 

analysis and briefly describe the basics.Load is 

defined as any physical quantity that reflects the 

excitation or the behavior of a system or component 

over time. The most typical loads 

are:forces,torques,stresses,strains, 

displacements,velocitiesaccelerations etc.An example 

of a load signal is depicted in the figure below, 

showing vertical load measured on a truck 

transporting gravel. The changes in the mean 

originate from a loaded and unloaded truck, whereas 

the changes in the standard deviation derived from 

different road qualities. 

 

 
Figure 4: Example of a load signal. 

 

2. Cycle- Cycle Counting Methods 

A half-cycle is a pair of two consecutive extrema in 

the load signal, going from a minimum to a 

maximum or vice versa, as depicted in the image 10 

below. A full-cycle is a cycle consisting of two 

consecutive half-cycles, as depicted in image 11 

below. 

 

Figure 1: Cycle counting. 

 

The most important cycle characteristics are Range, 

Amplitude and Mean, defined as follows: 



 Akriti Gupta.  International Journal of Science, Engineering and Technology, 2021, 9:5  

Page 4 of 9 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

Cycle counting methods are used to calculate the 

load spectrum of a load signal, i.e., number of cycles 

corresponding to each range in a load signal. An 

example of a load spectrum is depicted in the figure 

below. Typical cycle counting methods are rainflow 

counting and Markov counting described in the 

following chapters. 

 
 

Figure 6: Cycle counting methods. 

 

3. Fatigue 

Fatigue is the failure mechanism that is caused by 

repeated load cycles with amplitudes well below the 

ultimate static material strength. Formally, the fatigue 

process is divided into three stages: 

 Crack Initiation, 

 Crack Propagation 

 Fatigue Life Prediction 

 

Fatigue life predictionis the process of predicting 

fatigue life of a particular object under observation. 

According to ASTM fatigue life is defined as number 

of stress cycles that a specimen sustains before 

failure. Fatigue life prediction is of vital importance in 

order to assure product quality and safety[16,25]. 

 Durability: Durability is the capacity of an item to 

survive its intended use for a suitable long period of 

time. Good durability leads to good quality, 

company profitability and customer satisfaction. 

 S-N Curves: Generally speaking, S-N curves 

represent statistical models that characterize the 

material performance.  

 

S-N curve is defined as a graph of the cyclic stress 

against the logarithmic scale of cycles to failure. The 

figure below depicts two S-N curves, a red one and a 

blue one, corresponding to aluminum and steel, 

respectively. Let us take a closer look at the latter. If 

the cyclic stress of approximately 45 ksiis applied to 

the steel 

thefailurewilloccurafter104cycles,whereasapplyinglow

ercyclic stress of approximately 40 ks I will result in 

failure after 105 cycles [39].Thus, if the cyclic stress of 

30 ksi or less is applied to the steel failure will never 

occur. On the other hand, at 45 ksi the S-N curve 

reaches the so-called ultimate stress, defined as the 

maximum stress a material can widths and. 

 

 
 

Figure 7: Example of SN for curves steel and 

aluminum. 

 

S-N curves are derived from tests on material 

samples to be characterized (called coupons) where 

regular sinusoidal stress is applied by a testing 

machine which also counts the number of cycles to 

failure as depicted in figures (a), (b) and (c) below. 

This process is known as coupon testing[39]. Each 

coupon test generates a point on the plot though in 

some cases there is a run-out where the time to 

failure exceeds that available test period. Analysis of 

fatigue data requires techniques from statistics, 

especially survival analysis and linear regression. 

 

When designing the components engineers always 

try to keep the stress amplitudes below the 

endurance limit, way below the ultimate stress value. 

Since the material never fails below the endurance 

limit it is safe to be operated at such stress 

amplitudes[37]. 

 

Palmgren-Miner Rule  

The S-N curves model described in the previous 

chapter assumes that the material is subjected to a 

constant amplitude load, i.e., cycles to failure 

correspond to a constant cyclic stress amplitude, as 

depicted in the image 17 below. The next 

generalization is to consider a block load, i.e., 

consecutive blocks of constant amplitude load, as 

depicted in the image 18 below[25]. 
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Figure 8: Constant amplitude load and block load 

In this case, the Palmgren-Miner damage 

accumulation hypothesis states that each cycle with 

amplitude Siuses a fraction 1 / Niof the total life. 

Thus, the total fatigue damage D is given by 

equation: 

D = ∑ ni 

In where niis the number of cycles with amplitude Si. 

Fatigue failure occurs when the damage D exceeds 

one. Although Palmgren-Miner rule represents a 

useful approximation model in many 

circumstances[31], it has several major limitations: 

 It fails to recognize the probabilistic nature of 

fatigue. 

 In some circumstances, cycles of low stress followed 

by high stress cause more damage than the rule 

predicts. It does not consider the effect of an 

overload or high stress which may result in 

compressive residual stress that may retard crack 

growth. High stress followed by low stress may have 

less damage due to the presence of compressive 

residual stress[16]. 

 Typical Fatigue Analysis Use-Case:Although fatigue 

analysis covers a very broad range of areas, such as 

mechanics, physics and statistics. 

 

we can simply define it as the process of analyzing, 

modelling and predicting fatigue behavior. In order 

to summarize the fatigue analysis basics, let us 

consider the following example, illustrating a very 

simple fatigue analysis use-case in the carindustry. 

Suppose that a company, or some company division, 

is manufacturing drive shafts and a team of engineers 

is responsible for ensuring they meet performance, 

quality and safety requirements [26]. 

 

Fatigue Analysis: Fatigue Analysis Module supports a 

wide range of fatigue analysis features and utils. it 

represents a powerful all-in-one fatigue analysis 

solution allowing both acquisition and analysis of the 

fatigue data everything in a single software package. 

The module is organized into three main sections: 

Preprocessing, Counting methods (Algorithm settings) 

and Visualization. In fact, section organization follows 

a typical fatigue analysis workflow that starts with the 

input signal preprocessing, proceeds with the cycle 

counting and ends with the result visualization[33]. 

 

Preprocessing of input signal- The preprocessing 

section includes turning points filter, rainflow filter and 

discretization filter. 

 

Turning Points Filter-Turning points filter detects 

local extrema, namely turning points, in the load 

signal. An example of turning point detection is 

depicted in the figure (a) below. 

Thefilterisappliedtotheinputsignalbydefaultandcannot

bedisabledsincetheFatigueAnalysisModulerequiresase

quenceofturningpointsasitsinput (instead of a full 

loadsignal). 

 

Rain flow Filter-Rain flow filter (also called the 

hysteresis filter) removes small oscillations from the 

signal, as depicted in the figure (b) below. All turning 

points that correspond to the cycles with the ranges 

below the given threshold are removed. Higher the 

threshold, more turning points are filtered out, and 

vice versa. The rain flow filtering can significantly 

reduce the number of turning points, which can be of 

importance for both testing and numerical 

simulation. Threshold parameter of value T 

corresponds to the T% of the absolute load signal 

range[42]. 

 

Discretization Filter- The discretization filter divides 

the range of a load sign a lin to Nequidi stant bin 

sand assign seach turning point to its closest bin 

.Figure (c) below depicts an example where signal 

ranging from-10 to 10 is discretized into 5 bins. Load 

signal sare typically very stochastic (please refer to 

the first figure in the Fatigue Analysis Basics chapter), 

therefore, discretization is often applied to make 

them flatter and less stochastic. The number of bins is 

adjusted with the Class count parameter[39]. Both the 

rain flow filter and the discretization filter are 

activated in the Preprocessing section by ticking the 

appropriate checkbox, as depicted below 

 

Counting Methods Rain flow Counting 

Rain flow counting is generally accepted as being the 

best cycle counting method up to date, and has 

become the industrial de facto standard. It is 

activated by ticking the Rainflow counting check box 

in the Algorithm settings.The idea behind the method 

is to detect the hysteresis loops in the load signal, as 

depicted in the figure below. We'll refer to the 

hysteresis loops as the closed cycles. Parts of the 

signal that do not correspond to the closed cycles are 

the so-called open cycles or residuals[28]. Simply 

said, closed cycles and residuals could be visualized 

as full-cycles and Figure half-cycles, respectively. 
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As opposed to the Markov counting, which fails to 

detect large amplitude cycles, the rainflow counting 

successfully detects them. As depicted in the figure 

below, it detects the large amplitude cycle (2,6) and 

the small-amplitude cycle (4,5) within[19]. 

 

 
 

Different rain flow counting standards, such as ASTM, 

DIN and AFNOR, differ with respect to the treatment 

of the residuals. In order to be as general as possible, 

the Fatigue Analysis Module supports both residual 

and non-residual mode. When Ignore residuals 

checkbox in the Additional algorithm settings section 

is checked, the residuals are omitted, otherwise, they 

are included in the results[19,46]. 

 

IV. RESULTS 
Similar procedure as described in section 4.1 was 

used to assess the fatigue 

performanceinallthethreedamagescenarios.Fatiguelife

ofthemembersshowninFigure3-7 was evaluated again. 

This allowed comparison of damaged and 

undamaged scenarios. Results of fatigue life of critical 

members in damage scenarios one, two and three are 

shown in Table 4-7,Table 4-8, and Table 4-9 

respectively[15].The effective fatigue life of the 

structure in the three cases is found to be 65 years, 

67 years and 64 years respectively which is only about 

10% lower, then the fatigue life of undamaged 

structure (72years).This shows that the trus sis quite 

redundant and can sustain some damage without 

affecting the overall fatigue life of the structure.  

 

Table 1: Fatigue life of critical members in damage 

scenarion-1 

 
 

Table 2: Fatigue life of critical members in damage 

scenarion-2 

 
Table 3: Fatigue life of critical members in damage 

scenarion-3 

 

 
 

A comparison of the fatigue lives of critical members 

in undamaged and damages scenarios is presented in 

Table 4-10. Member 47 & 97 in scenario-1, member 

24 & 97 in scenario-2,and members 24& 47 in 

scenario-3experienceamorethantenfoldincreasein 

fatigue live in comparison to the undamaged 

structure. This is because these members constitute 

the damaged joint and their load carrying capacity 
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was reduced to force the redistribution of stresses in 

the truss. All the other members that were not 

involved in the simulated damage, shows a decrease 

in fatigue life that varies from 2% (member 95 in 

damagescenario-1) to 42% (member 71 in damage 

scenario-3) [25]. How ever, the over  all fatigue life of 

the truss sees a reduction of 8.5%, 6.4%, and 11% in 

damage scenarios one, two, and three respectively. 

 

Table 4: Fatigue life comparison of undamaged and 

damages states. 

 

 

 

V.CONCLUSION 

 
The results from the analytical wind analysis suggest 

that: 

 

Maximum stresses in the truss occur at the two ends 

and are within the allowable limit for welded 

aluminum specified by support specifications. Fatigue 

life of the truss, under the effect of natural wind gusts 

exceeds the expected service life with the 

presumption that weld is sound. Structure is quite 

redundant and a partial damage at one or two joints 

causes little effect on the overall fatigue life of the 

truss. Present fatigue analysis is performed assuming 

sound connections and no other factor except natural 

wind effecting fatigue performance. Several other 

factors such as diurnal temperature changes, truck 

gusts, subsequent corrosion of the members, weld 

deterioration etc., might affect the overall fatigue life 

of the structure. 

 

Both the visual inspection of the truss as well as the 

study performed by Nims (Nims 2019) point to the 

fact that there were some problems with the weld 

fabrication that might have caused the premature 

failure of the structure. The findings of this study are 

specific to the analyzed truss. It is uncertain if the 

same conditions prevail for other trusses is service. To 

gain an extended insight into the possibility of failure 

of such trusses, a larger sample size needs to be 

studied. As such, the structures should be closely 

inspected for any defects on regular basis. Any 

damage found during inspection should be corrected 

to improve the performance of the structure. 
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