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Conclusion 

A new finite element model based on a fiber beam element formulation that considers 

large displacements was presented. The element uses a displacement-based 

formulation and considers second order effects. The element can model reinforced 

concrete members strengthened with steel fibers and carbon fiber sheets under 

different loading conditions. It was found that the proposed element results are in good 

agreement with the analytical and experimental results. 
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Abstract 

 

With increased use of welded aluminum light poles along highways and in industrial 

service applications such as parking lots, harbors, stadiums, etc., it is important that 

they are sustainable and resist fluctuating wind induced stresses or fatigue loading. 

Forty-one welded aluminum shoe base light poles were fatigue tested in the structures 

laboratory of the University of Akron. The fatigue life of the test specimens was 

considered and used to develop a design S-N curve for the specific shoe base details 

used on the light poles. The proposed S-N curve derived from the test results, 

including the endurance limit in high cycle regime, was compared to the Aluminum 

Design Manual�s (2015) category F1.Among forty-one aluminum shoe base light 

poles, twenty-six specimens failed (63.4%) and the remaining survived (run-outs). 

Crack development in the specimens was observed on the surface primarily along the 

weld toe between the tube and cast shoe base. The lower bound S-N curve was 

extracted and provides approximately 97.5 percent probability of survival for the shoe 

base detail and is in a good agreement with category F1 of Aluminum Design Manual 

(2015). Additionally, the run-out data for the fatigue test results, which is taken to be 

10 million cycles for the older tests and 20 million cycles for new test group, is in 

good agreement with the British Standard Institute 8118 and the Aluminum Design 

Manual (2015). The S-N curve is useful for investigating the fatigue behavior of the 

light poles during analysis for wind induced loadings. 

 

Keywords: Design; Welded aluminum shoe based light pole; Fatigue test; Fatigue 

life; High cycle fatigue; Stress range; S-N curve; CAFL.
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Introduction 

 

Over the past 20 years, several well publicized failures of welded aluminum light 

poles due to fatigue crack growth have highlighted the need to better understand the 

nature of wind loading, the dynamic response of cantilevered pole structures, as well 

as the fatigue resistance (Caracoglia et al. 2004; Dexter and Johns 1998). Many of 

these structures are designed for infinite life, and as such, experimental studies of the 

fatigue behavior in the high cycle regime are necessary. Recent recommendations for 

the determination of the long-life fatigue response of welded details provides for run-

outs at 20,000,000 cycles (AASHTO 2013). A recent study conducted at the 

University of Akron examined the high-cycle fatigue response of welded aluminum 

pole to cast shoe base socket connections, the intent of which was to evaluate the 

Constant Amplitude Fatigue Limit (CAFL). Results of the experimental program are 

presented, and a proposed S-N curve is discussed. 

 

Background 

 

Several well documented failures of light poles has resulted in research into the 

understanding of field failures, dynamic behavior under wind and environmental 

loading  as well as the fatigue resistance of welded details common to light poles and 

traffic signal structures. Fatigue lives of metallic materials were evaluated in the 

laboratory and predicted analytically by Newman et al. (1999). The computed fatigue 

lives for the aluminum alloys are in a good agreement with the test data developed 

under constant amplitude and spectrum loading. Tubular steel lighting columns were 

fatigue tested by Robertson et al. (2004) and the results compared to closed-form 

solutions to verify the fatigue damage and life of structures. Hollow circular members 

of an overhead welded Aluminum sign truss were field tested and were found to be 

vulnerable to wind induced vibration (Rice, et al. 2008).  Resonant vibrations in the 

members were found to cause fatigue cracking. Roy et al. (2003) studied fatigue life 

improvements methods for welded transverse stiffeners and cover plate details 

through testing.  Improving the weld profile, increased the fatigue strength. Chang, et 

al. (2009) attempted to model wind induced loads on high mast poles.  Field data 

were found to be in good agreement with estimated fatigue lives results, and vortex 

shedding resulting in second mode vibration was observed. A laboratory investigation 

of the fatigue performance of full penetration groove weld end plate connections was 

conducted by Roy, et al. (2010) by testing 23 full-scale specimens under constant 

amplitude loading, and the results compared to the parametric evaluations. It was 

found that the fatigue limit of the tube to end plate groove welded connections may 

exceed that as given by Category D of the AASHTO specifications and the geometric 

parameters have a considerable influence on the fatigue performance of the structural 

connections. The fatigue resistance and design load capacity of welded aluminum 

cantilever truss structures subjected to wind loading was field-tested and investigated 

theoretically by Rice et al. (2012). Structural behavior was evaluated by considering 

the static and dynamic loading of the field-test results and analyses. The measured 

stresses in the tests were lower than allowable design stresses. Repetto and Solari 

(2010) performed a failure analysis of an anemometric pole and antenna tower 
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A best fit S-N curve based on failure data is shown in Fig. 6. The mean CAFL, which 

is estimated to be 33.7 MPa (4.89 ksi), and meets the best fit curve at a cutoff point 

around 10,000,000 cycles. Equation (1) is defined for the best fit S-N curve. 

 ܵ = 163.5	ܰି଴.଴ଽ଼                                                                                                     (1) 

 

Where ܵ	is the stress range (MPa), and ܰ the number of cycles to failure. 

 

 
Fig. 7. Combination of best fit, lower bound estimation, and category F1 S-N curve. 

 

Fig. 7 depicts the lower bound that corresponds to a 97.7% probability of survival 

(Menzemer and Fisher 1993). The lower bound S-N curve (2) for the failed 

specimens is defined by combination of mean resistance less two standard deviation, 

using the normal distribution function. 

 ܵ = 106.1	ܰି଴.଴ଽ଼                                                                                                      (2) 

 

Where ܵ is the stress range, and ܰ is the number of cycles to failure. The Lower 

bound S-N curve touches the CAFL at 21.9 MPa (3.18 ksi) for a life of 10,000,000 

cycles. Equation (3) shows the category F1 (ADM 2015) and assigned to the shoe 

base Aluminum poles.  

 ܵ = ିܰ	௙ܥ భ೘                                                                                                                 (3) 

 

Where C୤ and m are constant, and ܵ is the stress range, and ܰ is the number of cycles 

to failure (Aluminum Association 2015). In the ADM 2015 equation, it is suggested 

that C୤ = m	and (݅ݏܭ29)	ܽ݌ܯ200 = 7.31. Equation (4) below illustrated for the 

category F1. 
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