
 

 

 

 

 

 

 

Steel and Composite Structures, Vol. 19, No. 3 (2015) 585-599 

DOI: http://dx.doi.org/10.12989/scs.2015.19.3.585                                                 585 

Copyright ©  2015 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=scs&subpage=8         ISSN: 1229-9367 (Print), 1598-6233 (Online) 
 
 
 

 
 
 
 

Fatigue behavior of circular hollow tube and 
wood filled circular hollow steel tube 

 

Ravindra R. Malagi a and Bharatesh A. Danawade 

 

 
Department of PDM, Visvesvaraya Technological University, Belgaum, 590 014, India 

 
(Received February 09, 2014, Revised January 16, 2015, Accepted February 03, 2015) 

 
Abstract.  This paper presents the experimental work on fatigue life and specific fatigue strength of 

circular hollow sectioned steel tube and wood filled circular hollow section steel tube. Burning effect was 

observed in the case of circular hollow sectioned steel tube when it is subjected to Maximum bending 

moment of 19613.30 N-mm at 4200 rpm, but this did not happen in the case of wood filled hollow section. 

Statistical analysis was done based on the experimental data and relations have been built to predict the 

number of cycles for the applied stress or vice versa. The relations built in this paper can safely be applied 

for design of the fatigue life or fatigue strength of circular hollow sections and wood filled hollow sections. 

Results were validated by static specific bending strengths determined by ANSYS using a known applied 

load. 
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1. Introduction 

 

Fatigue has a strong effect on the stiffness of a composite material. The steel retains its most of 

the stiffness for its major span of life but after then it drops suddenly. Composite materials 

typically have a longer fatigue life compared to steel and give warning that it is losing its stiffness. 

These characteristics of composites can be used advantageously for structural applications. Fatigue 

is among the most common cause of failure of circular cross sectioned shafts used for power 

transmission. ASM (1975) states that fatigue failures start at the most vulnerable point in 

dynamically stressed area. The vulnerable point may be mechanical or metallurgical or 

combination of the two. Bao et al. (1996) investigated fatigue behavior of several wood 

composites for determining the allowable design stress. da Fonte and de Freitas (1999) presents 

that the shafts run with steady torsion load superimposed with bending stress fail either due to 

shaft self weight or possible misalignment. Berndt and Van Bennekorn (2001) conclude that in 

spite of the preventive measures fatigue failure can still occur due to defects introduced during 

fabrication and/or degradation of shafts during service. Bhaumik et al. (2002) presented a case 
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study on fatigue failure of hollow power transmission shaft. An analysis of the failure, together 

with recommendations for failure prevention is presented. The paper recommends use of cleaner 

material, minimization of stress concentration, and better surface finish to avoid fatigue failure. 

Schneider and Maddox (2003) presented best practice guide on statistical analysis of fatigue data. 

Miscow et al. (2004) designed and built fatigue simulator to test full-scale drill pipes under 

rotating cycling bending and constant tension loading. The fundamental fatigue mechanisms were 

investigated via laboratory tests in small samples. The fatigue life curve was obtained for drill pipe 

API S-135 grade steel from small scale tests. The full size drill pipe test results are coherent with 

experimental procedures. West System Inc. (2005) catalogue on fatigue explains that wood 

exhibits unusually good fatigue resistance although its static one time load strength is not high. 

Chen et al. (2006) conducted low cycle fatigue tests to predict fatigue life of 304 stainless steel 

tubular geometry with an outer diameter of 12.5 mm and an inner diameter of 10 mm. The fatigue 

loading applied to the specimen was tension-compression followed by torsion. A damage model 

considers the effect of non-proportionality in loading due to loading mode changes is proposed. 

Dawood et al. (2007) investigated the steel-concrete bridge beams strengthened with high 

modulus carbon fiber reinforced polymer under the overloading and fatigue conditions. Kim and 

Heffernan (2008) presented progress and achievement in the application of FRP on strengthening 

reinforced concrete beams subjected to fatigue. Mahagaonkar et al. (2009) Examines the effect of 

process parameters such as pressure, shot size, nozzle distance and the exposure time on the 

fatigue performance of AISI 045 and 316L material. Expressions correlating fatigue life and the 

process parameters for both materials were developed, which are useful in predicting fatigue life. 

Zhu et al. (2009) conducted field applications and laboratory research which shows the feasibility 

of concrete-filled fiber reinforced polymer tube in bridges. An Analytical tool is developed to trace 

the response of CFFTs under fatigue loading. A detailed parametric study shows that fatigue 

response of CFFT beams can improve by either increasing the reinforcement index or the effective 

modulus of FRP tube in the longitudinal direction. Yavari et al. (2010) report increase in fatigue 

life of fiberglass/epoxy composites with various weight fractions of graphene platelets. Roeder et 

al. (2010) presents that concrete infill confined in steel tube delays local and global buckling of the 

tube. CFT‟s provide significant resistance in shear, compression and bending. Amiri (2010) 

carried experimental and theoretical study to investigate temperature evolution of aluminum 6061 

and stainless steel 304 specimens subjected to cyclic fatigue using thermographic technique. 

Results reveal that surface temperature of specimens can be directly related to number of cycles to 

failure. 

Wood shows their inherent ability to withstand high cyclic wind loads year after year. This 

ability of wood is developed by nature for dynamic and adverse environment. Hence specific 

strength and stiffness of woods is greater than metals. When such a wood is used in building 

composite system for fatigue loads naturally life and strength of composite gives better results than 

individual metals. Very little information is available on the fatigue behavior and properties of 

circular hollow sectioned tubes and circular wood filled hollow sections. In this laboratory level 

work 4-point rotating bending fatigue testing machine was used to determine the fatigue strength 

and fatigue life. On this machine specimens were subjected to completely reversed stress cycles 

with constant amplitude and results were presented and discussed. A statistical approach for 

predicting the specific strength and fatigue life is given. An attempt has been made to use finite 

element analysis using ANSYS to determine the properties of wood filled tubes using static tests 

conditions. The results of all tests are compared and found to be coherent. 
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2. Materials 
 

Two types of specimens were used for study: (i) Circular Hollow Section Steel Tube; (ii) Teak 

Wood Filled Circular Hollow Sectioned Steel Tube. Carbon steel material was used for circular 

hollow sectioned tube and teak wood was used as the filling material. The reasons for selecting 

teak wood as filler material; it is bench mark material from wood species, renewable, sustainable, 

machinable, non-corrosive, durable, light in weight. The carbon steel is generally used steel 

material for construction of wide range of construction and engineering applications. Both the 

materials are procured from local market and desirable material properties were obtained 

experimentally and compared with available research data. The carbon steel properties were 

determined experimentally as per the ASTM E8 (2011) are as follows yield stress, Tensile stress 

and Young‟s modulus are 311.46 MPa, 446.18 MPa, and 212.48 GPa with a standard deviation of 

1.65, 3.36 and 2.40 respectively. Poisson‟s ratio of steel tube is taken as 0.29. 

Teakwood longitudinal modulus of elasticity properties were determined experimentally as per 

ASTM D143 (1994) and was 11854.89 MPa with standard deviation of 687.2, Poisson‟s ratio was 

0.52 was determined as per the procedure discussed by Danawade et al. (2013). 

Carbon steel specimens were prepared on precision lathe by skilled operator and polished to 

maintain the dimensions and tolerances. Teak wood specimens were prepared on lathe to the size 

to fit in to the circular hollow section of the steel tube. The solid circular teak wood is fitted in to 

the circular hollow sectioned steel tube using light to medium interference fit to produce the 

composite using suitable hydraulic press. Allowable interference is designed based on the 

functional requirements of solid teakwood shaft and a steel tube. Allowable interference between 

solid teakwood and steel tube is determined using following formula adopted from design guide 

manual 1 of DuPont Engineering Polymers 

 

𝐼 = 𝜍 ∗
𝑑𝑜

𝑊
[(𝑊 + 𝑣𝑠)/𝐸𝑠 + (1 − 𝑣𝑤)/𝐸𝑤] (1) 

 

Where 𝑊 =
(𝑑𝑜2+𝑑𝑤2)

(𝑑𝑜2−𝑑𝑤2)
 

Measured value of inside diameter of steel tube is taken as basic size and allowable interference 

value added to obtain maximum size of teak wood for desired interference. Residual stresses 

induced in circular hollow steel tube and teak wood shaft due to interference fit were calculated 

using following Eq. (2) from Shigley et al. (2004) on press and shrink fit 

 

𝑃 =
1

𝐾𝑠 + 𝐾𝑤
∗
𝐼

𝑟𝑖
 (2) 

 

Where 𝐾𝑠 = (1/𝐸𝑠)[ 
𝑟𝑜2+𝑟𝑖2

𝑟𝑜2−𝑟𝑖2 ] and 𝐾𝑤 = (
1

𝐸𝑤
)[1 − 𝑣𝑤] 

Teakwood experiences an external pressure resulting in compressive tangential and radial 

stresses and are given by Eq. (3) 

 

𝜍𝑤𝑡 =  𝜍𝑤𝑟 = −𝑃                             (3) 

 

Steel tube experiences internal pressure resulting in tensile tangential stress given by Eq. (4) 

and compressive radial stress and are given by Eq. (5) 
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𝜍𝑠𝑡 = 𝑃 ∗ [(𝑟𝑜2 + 𝑟𝑖2)/(𝑟𝑜2 − 𝑟𝑖2)]                      (4) 

 

𝜍𝑠𝑟 =  −𝑃                                 (5) 

 

The allowable interference and stresses developed in steel tube and teak wood are shown in 

 

 
Table 1 Allowable interference and stress developed due to interference 

Specimen code 
do, 

mm 

di, 

mm 
W 

I, 

mm 

dw, 

mm 

P, 

Mpa 

σwt, σwr, 

σsr, Mpa 

σst, 

Mpa 

WFCHS_200_1 10.94 8.75 4.55 0.05 8.80 168.84 -168.84 786.82 

WFCHS_200_2 10.92 8.64 4.35 0.05 8.69 178.67 -178.67 795.28 

WFCHS_200_3 10.93 8.69 4.44 0.05 8.74 174.24 -174.24 791.47 

WFCHS_175_1 10.96 8.55 4.11 0.05 8.60 191.74 -191.74 806.44 

WFCHS_175_2 10.93 8.60 4.25 0.05 8.65 183.78 -183.78 799.65 

WFCHS_175_3 10.94 8.57 4.18 0.05 8.62 187.86 -187.86 803.14 

WFCHS_150_1 10.99 9.06 5.24 0.04 9.10 142.14 -142.14 763.63 

WFCHS_150_2 10.95 8.86 4.79 0.05 8.91 158.48 -158.48 777.87 

WFCHS_150_3 10.97 8.96 5.01 0.04 9.00 150.20 -150.20 770.67 

WFCHS_125_1 11.00 8.71 4.36 0.05 8.76 177.97 -177.97 794.67 

WFCHS_125_2 10.93 8.80 4.69 0.05 8.85 162.90 -162.90 781.70 

WFCHS_125_3 10.96 8.75 4.52 0.05 8.80 170.49 -170.49 788.24 

AVG 10.95 8.75 4.54 0.05 8.79 170.61 -170.61 788.30 

SD 0.03 0.16 0.34 0.00 0.15 15.03 15.03 12.97 

 

 

 

Fig. 1 Semi finished specimens of CHS and teak wood 
 

 

 

Fig. 2 Nomenclature of steel tube specimen 
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Table 1. 

The semi finished specimens ready for finishing and assembly are shown in Fig. 1. 

The dimensions of both steel and the composite specimens were decided considering the 

loading diameter and length of available standard fatigue testing machine by Fine Testing Machine 

(2008) which meets the requirement of IS 5075:1969 standard. The nomenclature of steel tube 

specimens are as shown in Fig. 2. 
 

 

Table 2 Geometrical and physical properties of CHS 

Specimen code D, mm do, mm di, mm Lt, mm Lp, mm L, mm R, mm ρ, kg/m3 Ii, mm4 

CHS_200_1 12.02 10.98 8.75 96 72 260 30 7406.62 425.73 

CHS_200_2 12.00 10.99 8.64 96 72 260 30 7698.92 442.54 

CHS_200_3 12.01 10.98 8.69 96 72 260 30 7542.52 433.55 

CHS_175_1 12.03 10.88 8.55 96 72 260 30 6949.19 425.52 

CHS_175_2 12.03 11.06 8.60 96 72 260 30 7610.12 465.99 

CHS_175_3 12.03 10.97 8.57 96 72 260 30 7285.29 446.10 

CHS_150_1 12.01 11.05 9.06 96 72 260 30 7394.38 401.11 

CHS_150_2 12.02 11.03 8.86 96 72 260 30 7817.78 424.08 

CHS_150_3 12.01 11.04 8.96 96 72 260 30 7610.37 412.82 

CHS_125_1 11.99 10.98 8.71 96 72 260 30 7211.10 430.96 

CHS_125_2 12.05 11.12 8.80 96 72 260 30 7633.28 456.19 

CHS_125_3 12.02 11.05 8.75 96 72 260 30 7431.02 444.10 

AVG 12.02 11.01 8.75 96 72 260 30 7465.88 434.06 

SD 0.02 0.06 0.15 0.00 0.00 0.00 0.00 228.77 17.36 

 

 
Table 3 Geometrical and physical properties of teak wood filled circular hollow sections 

Specimen code D, mm do, mm Lt, mm Lp, mm L, mm R, mm ρ, kg/m3 Ii, mm4 

WFCHS_200_1 12.03 10.94 96 72 260 30 3653.40 703.14 

WFCHS_200_2 11.99 10.92 96 72 260 30 3626.76 698.01 

WFCHS_200_3 12.01 10.93 96 72 260 30 3640.06 700.57 

WFCHS_175_1 12.1 10.96 96 72 260 30 3387.42 708.29 

WFCHS_175_2 12.02 10.93 96 72 260 30 3350.48 700.57 

WFCHS_175_3 12.06 10.94 96 72 260 30 3362.76 703.14 

WFCHS_150_1 12.06 10.99 96 72 260 30 3374.73 716.08 

WFCHS_150_2 12 10.95 96 72 260 30 3325.86 705.71 

WFCHS_150_3 12.03 10.97 96 72 260 30 3350.23 710.88 

WFCHS_125_1 11.95 11.00 96 72 260 30 3362.58 718.69 

WFCHS_125_2 12.04 10.93 96 72 260 30 3277.80 700.57 

WFCHS_125_3 11.99 10.96 96 72 260 30 3313.94 708.29 

AVG 12.02 10.95 96.00 72.00 260.00 30.00 3418.84 706.16 

SD 0.04 0.02 0.00 0.00 0.00 0.00 130.81 6.23 
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The detailed geometrical properties of circular hollow sectioned tubes are shown in Table 2. 

The teak wood filled circular hollow sectioned steel tube ready for polishing are shown in Fig. 

3, and geometrical properties of specimens are shown in Table 3. 
 

 

3. Methods of investigation 
 

3.1 Experimental 
 

In this work 4-point rotating bending fatigue testing machine was used to determine the fatigue 

strength and fatigue life. On this machine specimen is subjected to completely reversed stress 

cycles with constant amplitude. During each cycle, the rotating specimen is subjected to both 

tensile and compressive stresses alternatively. The schematic rotating bending fatigue testing 

machines specimen loading arrangement is shown in the Fig. 3. 

The fatigue behavior of circular hollow sectioned steel tube and Teak wood filled steel tube is 

determined by conducting laboratory tests on a 24 number of polished specimens. A single test 

consists of applying a known, constant bending load on a rotating specimen. During the one cycle 

of rotation, the specimen is subjected to the two types of bending stresses (tensile and compressive) 

having same magnitude but opposite signs and due to these alternative stresses the specimen fails 

after certain number of cycles. The number of cycles sustained by the specimen up to the failure is 

recorded by the counter. The above procedure is repeated for all the specimens by applying 

different bending moments at constant spindle rpm. The number of cycles sustained by each 

specimen up to the failure is recorded. 

The specimens were first subjected to maximum bending moment of 200 kg-cm. The bending 

moment is reduced by 25 kg-cm in each step and number of cycles to failure was noted. The 

results obtained were plotted to generate S-N curve for both steel and wood-steel composite 

material. 

 

The bending strength and specific bending strength were calculated using following relations. 
 

𝐼𝑖 = 𝜋/64(𝑑𝑜4 − 𝑑𝑖4)                            (6) 
 

𝑀

𝐼𝑖
=
𝜍𝑏

𝑦
=
𝐸

𝑅
 (7) 

 

 

 

Fig. 3 Specimen loading arrangement, Fine testing machine (2008) 
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𝑀 =
𝐹𝐿𝑠

2
 (8) 

 

𝑆𝑒 =
𝜍𝑏

𝜌
 (9) 

 

The experimented data for circular hollow sectioned steel tube is presented in Table 4. 

When circular hollow sectioned steel tubes were tested for bending moment of 19613.30 N-mm 

the burning effect was observed. This effect was not observed for other values of bending moment. 

The burning was due to severe combined loading of specimen which was subjected to 

tensile-compression and torsional. Fig. 4 shows the burning effect of specimens. 

All the specimens failed due to crack initiation on the surface of the specimen and propagation 

of the crack ending in failure. The crack initiation and nature of failure is same in all failed 

components and the failure is as shown Fig. 5. 

The experimented data for teak wood filled circular hollow sectioned steel tube is presented in 

Table 5. 

 

 
Table 4 Experimental data of CHS specimens 

Specimen Code M, N-mm N, rpm Nf σb, Mpa Se, Mpa-m3/kg 

CHS_200_1 19613.30 4200 27175 252.92 0.0341 

CHS_200_2 19613.30 4200 19420 243.54 0.0316 

CHS_200_3 19613.30 4200 23296 248.36 0.0329 

CHS_175_1 17161.63 4200 279374 219.40 0.0316 

CHS_175_2 17161.63 4200 262611 203.66 0.0268 

CHS_175_3 17161.63 4200 270991 211.01 0.0290 

CHS_150_1 14709.97 4200 3653300 202.62 0.0274 

CHS_150_2 14709.97 4200 3434102 191.30 0.0245 

CHS_150_3 14709.97 4200 3543701 196.69 0.0258 

CHS_125_1* 12258.31 4200 483848636 156.16 0.0217 

CHS_125_2* 12258.31 4200 423364071 149.40 0.0196 

CHS_125_3 12258.31 4200 362883332 152.50 0.0205 

„*‟ specimens did not fail 

 

 

  

Fig. 4 Burning effect of CHS at maximum bending moment Fig. 5 Crack initiation and nature of failure 
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Table 5 Experimental data for WFCHS specimens 

Specimen Code M, N-mm N, rpm Nf σb, Mpa Se, Mpa-m3/kg 

WFCHS_200_1 19613.30 4200 168840 152.58 0.0418 

WFCHS_200_2 19613.30 4200 157245 153.42 0.0423 

WFCHS_200_3 19613.30 4200 145650 153.00 0.0420 

WFCHS_175_1 17161.63 4200 1533000 132.78 0.0392 

WFCHS_175_2 17161.63 4200 1628188 133.87 0.0400 

WFCHS_175_3 17161.63 4200 1680594 133.51 0.0397 

WFCHS_150_1 14709.97 4200 18982273 112.88 0.0334 

WFCHS_150_2 14709.97 4200 18063376 114.12 0.0343 

WFCHS_150_3 14709.97 4200 17901170 113.50 0.0339 

WFCHS_125_1* 12258.31 4200 462873117 93.81 0.0279 

WFCHS_125_2 12258.31 4200 414364288 95.62 0.0292 

WFCHS_125_3* 12258.31 4200 485848656 94.84 0.0286 

„*‟ specimens did not fail 

 

 

 

Fig. 6 Fatigue failure of WFCHS 

 

 

 

Fig. 7 Comparison of SN curve 
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Table 6 Averaged experimental data of CHS for log curve 

Specimen code Nf Se, Mpa-m3/kg LN (Nf) LN (Se) 

CHS_200 23297 0.0329 10.06 -3.4142 

CHS_175 270992 0.0291 12.51 -3.5370 

CHS_150 3543701 0.0259 15.08 -3.6533 

CHS_125 423365346 0.0206 19.86 -3.8833 

 

 

 

 

Fig. 8 LN Se V/s LN Nf curve for CHS 

 

 

 
Table 7 Comparison of experimental and statistical values of specific fatigue strength of CHS 

Specimen code Nf Se, Mpa-m3/kg LN (Nf) LN (Se) LN (Ss) Ss, Mpa-m3/kg Ss/Se 

CHS_200_1 27175 0.0341 10.21 -3.3771 -3.4169 0.0328 0.96 

CHS_200_2 19420 0.0316 9.87 -3.4536 -3.4011 0.0333 1.05 

CHS_200_3 23296 0.0329 10.06 -3.4134 -3.4096 0.0331 1.00 

CHS_175_1 279374 0.0316 12.54 -3.4555 -3.5264 0.0294 0.93 

CHS_175_2 262611 0.0268 12.48 -3.6208 -3.5235 0.0295 1.10 

CHS_175_3 270991 0.0290 12.51 -3.5417 -3.5250 0.0295 1.02 

CHS_150_1 3653300 0.0274 15.11 -3.5971 -3.6472 0.0261 0.95 

CHS_150_2 3434102 0.0245 15.05 -3.7103 -3.6443 0.0261 1.07 

CHS_150_3 3543701 0.0258 15.08 -3.6556 -3.6458 0.0261 1.01 

CHS_125_1 483848636 0.0217 20.00 -3.8325 -3.8769 0.0207 0.96 

CHS_125_2 423364071 0.0196 19.86 -3.9336 -3.8706 0.0208 1.07 

CHS_125_3 362883332 0.0205 19.71 -3.8862 -3.8634 0.0210 1.02 

      
AVG 1.01 

      
SD 0.05 
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Comparison of SN curve of circular hollow sectioned tube and wood filled circular hollow 

sectioned tube is shown in Fig. 7. 

 

3.2 Statistical analysis 
 

The SN curves for CHS are drawn using mean of the experimental values with the aid of 

Microsoft office excel tool and results were fitted by logarithmic options. The relations and 

goodness of fit (R2) were obtained. The value so obtained is shown in Table 6 and SN curve is 

shown in Fig. 8. The relation between the fatigue life and fatigue strength is given by Eq. (5). 

 

𝑙𝑛 𝑆𝑠 = −0.047 𝑙𝑛 𝑁𝑓 − 2.937                       (10) 

 

The comparison of experimented data and statistical data of fatigue strength of CHS specimens 

is presented in Table 7. 

The SN curves for WFCHS are obtained as using the same procedure discussed for CHS 

sample and the values so obtained are shown in Table 8 and SN curve is shown in Fig. 8. The 

relation between the fatigue life and fatigue strength is given by Eq. (6). 

 

𝑙𝑛 𝑆𝑠 = −0.050 𝑙𝑛 𝑁𝑓 − 2.534                       (11) 

 

 
Table 8 Averaged experimental data of CHS for log curve 

Specimen code Nf Se, Mpa-m3/kg LN (Nf) LN (Se) 

WFCHS_200 157245 0.0420 11.97 -3.1693 

WFCHS_175 1613927 0.0396 14.29 -3.2285 

WFCHS_150 18315606 0.0339 16.72 -3.3849 

WFCHS_125* 454362020 0.0286 19.93 -3.5556 

 

 

 

Fig. 9 LN Se V/s Ln Nf curve for WFCHS samples 
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Table 9 Comparison of experimental and statistical values of specific fatigue strength of WFCHS specimens 

Specimen code Nf Se, Mpa-m3/kg LN (Nf) LN (Se) LN (Ss) Ss, Mpa-m3/kg Ss/Se 

WFCHS_200_1 168840 0.0418 12.04 -3.1757 -3.1358 0.0435 1.04 

WFCHS_200_2 157245 0.0423 11.97 -3.1629 -3.1323 0.0436 1.03 

WFCHS_200_3 145650 0.0420 11.89 -3.1693 -3.1284 0.0438 1.04 

WFCHS_175_1 1533000 0.0392 14.24 -3.2391 -3.2461 0.0389 0.99 

WFCHS_175_2 1628188 0.0400 14.30 -3.2200 -3.2491 0.0388 0.97 

WFCHS_175_3 1680594 0.0397 14.33 -3.2264 -3.2507 0.0387 0.98 

WFCHS_150_1 18982273 0.0334 16.76 -3.3977 -3.3720 0.0343 1.03 

WFCHS_150_2 18063376 0.0343 16.71 -3.3722 -3.3695 0.0344 1.00 

WFCHS_150_3 17901170 0.0339 16.70 -3.3850 -3.3690 0.0344 1.02 

WFCHS_125_1 462873117 0.0279 19.95 -3.5792 -3.5316 0.0293 1.05 

WFCHS_125_2 414364288 0.0292 19.84 -3.5345 -3.5261 0.0294 1.01 

WFCHS_125_3 485848656 0.0286 20.00 -3.5537 -3.5341 0.0292 1.02 

      
AVG 1.01 

      
SD 0.02 

 

 
The comparison of experimented data and statistical data of fatigue strength of WFCHS 

specimens is presented in Table 9. 

 

3.3 Finite element analysis 
 

Maximum applied stress approaches static strength of the specimen and minimum applied 

stress range approaches fatigue. Hence wood filled circular hollow sectioned steel tube is tested 

using maximum stress and minimum stress values of experiment to validate the results. This is 

done by finite element analysis using ANSYS (2010). 

The specimen is modeled and the meshing of the wood-steel composite beam is performed by 

selecting the required mesh attributes by selecting the material model 1 for wood material and 

material model 2 for steel material. Meshing is done under Tet free mesh by selecting the suitable 

scale in the form number of divisions. After performing the meshing the next step is to apply the 

displacement and load on to the model. Selected nodes are fixed by adding the displacement at the 

required position by selecting the nodes at that area the displacement in the UX, UY and UZ 

directions. Once the displacement is applied then the required dynamic load is applied at the 

required area on to the nodes. ANSYS software performs the solution for the current load step by 

going to the solution window by selecting solves current LS. Once the solution is done the next 

step is to read and plot the results in general post processor window. In post processing, the fatigue 

analysis is performed by giving the input in the form by applying the known bending load and the 

corresponding fatigue stress is obtained and is compared with the stress obtained by experimental 

fatigue strength. The meshing and constraining of component is shown in Fig. 10 and output stress 

distribution is shown in Fig. 11. The comparison between the experimental, statistical and ANSYS 

values of maximum and minimum specific fatigue strength is shown in Table 10 for a sampled 

specimens. 
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Fig. 10 Meshing of WFCHS specimen 
 

 

 

Fig. 11 Out put of ANSYS showing stress distribution 
 

 

Table 10 Comparison specific strengths of WFCHS 

F, N Se, Mpa-m3/kg Ss, Mpa-m3/kg Sa, Mpa-m3/kg Ss/Se Sa/Se 

392.26 0.0420 0.0435 0.0403 1.04 0.96 

245.16 0.0286 0.0292 0.0280 1.02 0.98 

 

 
4. Conclusions 

 

The experimental investigations carried out show that wood filling in circular hollow sectioned 

tube enhances the fatigue life considerably. The wood-steel composites specific strength is higher 

compared to steel. This makes a better alternate material for dynamic loading conditions and 

alternate material for hollow shafts. The number specimens need to be tested to obtain more 

accurate results and apply limits of control to the results and use these results to formulate design 

equations. However statistical analysis done using experimental results gives coherent results even 

for less number of specimens tested in this investigation. The results of statistical analysis are 
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higher hence fatigue life can be designed safely using statistical relations designed in this paper. 

In the case of circular hollow section tubes burning effect is observed when maximum bending 

moment is applied. This burning effect in the case of wood filled specimen is not observed. The 

possible reason for this effect is specimen‟s poor resistance to combined tensile-compression- 

torsion loading at the applied load. The effect is not observed for other lower values of stresses. 

The specific strength obtained by finite element analysis is lower compared to experimental as 

well as statistical analysis. The perfect finite element environment needs to be used to obtain 

comparable results as fatigue being a dynamic test. Further investigations in this regard are 

necessary to extend this work to real size wood-steel composite shafts. 
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Abbreviations 
 

CHS  Circular hollow section 

D  Gripping diameter of tube, mm 

di  inside diameter of steel tube, mm 

do  Outsided diameter of steel tube, mm 

dw  Diameter of teak wood shaft, mm 

Es  Young,s modulus of steel, Mpa 

Ew  Young,s modulus of teak wood, Mpa 

F  Load, N 

I  Allowable interference, mm 

Ii  Moment of Inertia, mm4 

Ks  Design factor for steel tube 

Kw  Design factor for teak wood 

L  Overall Lentgh of specimen, mm 

Ls  Lentgh of beam under consideraion, mm 

Lp  Parallel lentgh of specimen, mm 

LT  Total lentgh of specimen, mm 

M  Bending Moment, N-mm 

N  Spindle speed, rpm 

Nf  Number cycles 

P  Pressure due to interference, Mpa 

R  Radius on steel tube, mm 

ri  inside radius of steel tube 

ro  Outside radius of steel tube, mm 

Se  Experimental Specific bending strength 

Ss  Statistical specific bending strength 

vs  Poisson's ration of steel 

vw  Poisson's ratio of teak wood 

W  Design factor for interference 

WFCHS  Wood filled circular hollow section 

ρ  Density, kg/m3 

σ  Yield stress of steel, Mpa 

σb  Bending stress, Mpa 

σsr  Compressive radial stress at steel tube, Mpa 

σst  Tensile tangential stress at steel tube, Mpa 

σwr  Radial stress at teak wood, Mpa 

σwt  Compressive tangential stress at teak wood, Mpa 
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