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Abstract-Flexural Strength of Wood Reinforced Steel Tube 

(WRST) is dependent on Mechanical bond between the wood and 

steel interface.  The tube size assumed to be constant and wood 

size is varied. The change in the size of the wood will control the 

bond strength between the wood and steel interface. This bond 

strength will have considerable amount of influence on flexural 

strength of the WRST. This paper presents the study of effect of 

change in the size of the wood beam which is reinforced in steel 

tube on flexural strength of composite. A rectangular wooden 

beam is reinforced into the C-35 steel tube. The size of the 

carbon steel tube will be kept constant and the size of the wood 

beam is varied to obtain various type of fit. The varieties of 

specimens are modeled using a finite element software viz., 

ANSYS. The behavior under bending strength of material so 

prepared is studied under 3-point bending. Flexural strength, 

flexural stress at specified strain levels, and flexural modulus is 

calculated. The data obtained is verified by hand calculations 

and variation in results between the two methods is studied.  

 

Keywords:  Wood, Wood-Steel Composite Material, Flexural 
Strength, Modulus of Elasticity, 3 Point Bending Tests. 

 

I. INTRODUCTION 
Over a last thirty years composite materials, plastics and 

ceramics have been the dominant emerging materials. The 

volume and number of applications of composites have 

grown steadily, penetrating and conquering new markets 

relentlessly. Modern materials constitute a significant 

proportion of the engineered material  market ranging from 

everyday products to sophisticated niche applications .While 

composites have already proven their worth as weight-saving 

materials, the current challenge is to make them cost 

effective. The efforts to produce economically attractive 

composite components have resulted in several innovative 

manufacturing techniques currently being used in the 

composites industry. It is obvious, especially for composites 

that the improvement in manufacturing technology alone is 

not enough to overcome the cost hurdle. It is essential that 

there be an integrated effort in design, materials, process, 

tooling, quality assurance, manufacturing and even program 

management for composites to competitive with metals. For 

certain applications the use of composites rather than metals 

has in fact resulted in savings of both cost and weight.           

Composite materials plays the important role in reducing 

weight of structure, various possibilities of composites can be 

obtained by varying the size of the two or more materials that 

forms the composite stress analysis can be carried out with 

composite materials properties to obtain the safety of the 

structural member under given load. If the structural member 

is safe then the can be used for structure. Strength analysis 

plays a very important role in engineering design. Proper 

stress estimation prevents failure of the members and also 

proper structure design. Stress analysis also plays a very 

important role in material development. Due to competitive 

world in the structural simulation provides the lot of 

flexibility to the designer in selecting suitable material, 

material size and shape with the integration of computer 

systems with finite element technology, these innovative 

designs are slowly replacing the older method of prototype 

build up and checking for deflection and design conditions. 

Numbers of analysis software’s with the help of good 

meshing capabilities are finding wide usage in stress 

computation for material development which avoids the long 

computational manual calculations. Since a good quality of 

meshing gives more accurate results. So in order to develop a 

composite material is selected for the study. Wood being 

renewable resource is an ideal raw material for development 

of industry on sustained basis. The composite wood 

industries and research in this field seem to have being 

established. In the recent past wood metal composites have 

been introduced in construction of buildings, heavy 

machineries. Therefore, with the increasingly intense global 

competition which pushes every manufacturer in industry to 

make the best effort to sharpen its competitiveness by 

enhancing the product’s quality, squeezing the production 

costs and reducing the lead time to bring new products to the 

market, there is an strong desire for the upgrading of fixture 

design methodology with the hope of making sound fixture 

design more efficiently and at a lower cost. 

PROBLEM DEFINITION 

Static, composite and modal analysis of the rectangular 

wooden beam is reinforced in C-35steel tube, the tube size 

kept constant and wood size is varied. The specimens made 

up of C-35 steel and teak wood are tested using Universal 

Testing Machine and the value of deflection at the various 

loads is noted. Stresses, young’s modulus is determined 

based on the test reports. Similarly these specimens are 

modelled in finite element software ANSYS and the values 

are compared with the practical, theoretical and values 

obtained from the FEM software. Hence to show the 
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Behaviour of the modal shapes fewer than three point 

bending. 

II.  LITERATURE REVIEW 
The main objectives obtained from the literature review are:- 

 Theoretical values mechanical properties of wood, 

steel and wood-steel composite materials. 

 Various possibilities of wood-steel composites. 

 Testing procedure and the preparation of the test 

reports of the composite material testing  

 Finding the mechanical properties of the composite 

materials by calculations. 

 Study of bending strength of composite using three 

point bending tests. 

Samantha, Kiljunen, Lappeenranta. Milla, Hintikka, 

Lathi:[1] Were invented wood metal composite structure 

comprising a wood material and a metal material, and the 

wood material and the metal material are joined together by a 

coupling agent. In accordance with the invention the 

wood-metal composite structure comprises a coupling 

material containing metal material, and the coupling 

material comprises at least three layers, and at least outer 

layers of the coupling agent which is reactive with OH group 

of the material for forming self adhesive properties and at 

least one layer including metal material is arranged between 

outer layers. This material is tested and modulus of elasticity 

(MOE) is calculated. Andreas Heiduschke, Peer 

Haller:[2]Studied the load carrying behavior of fiber 

reinforced wood profiles. The objective of this study is to 

provide engineered wood products on the basis of formed 

wood profiles for structural applications. The formed profiles 

can be optionally reinforced with technical fibers and/or 

textiles laminated to the outer wood surface. The purpose of 

such composite confinement is to strengthen the relatively 

thin walled sections and to protect the wood against 

environmentally induced damage. This paper discusses the 

load carrying behavior of light weight columns with circular 

hollow cross section. Full scale axial compression tests were 

conducted to evaluate the structural performance of the tubes. 

The following parameters were investigated, type of fiber 

reinforcements, fiber orientation, thickness of the 

reinforcement, loading conditions-centric or eccentric, 

slenderness of the tubes, influence of connections. Poo Chow, 

Ph D Professor of wood Science University of Illinois [3] 

conducted tests to determine the mechanical properties of 

eight new composite crossties made from plastic and oak The 

test methods are described in “proposed strength properties 

tests for wood crossties”; a comparison is made between the 

test results of the bending modulus of elasticity (MOE), 

Bending Strength (MOR). And the spike pullout and those 

derived from polymer crossties. J.M.Cabrero, A.Heiduschke, 

P.Haller[4]:Were studied analytical assessment of the load 

carrying capacity of axially loaded wooden reinforced tubes. 

The timber construction institute of technische universitat 

Dresden has developed a process for the manufacture of 

structural wood profiles. The resulting profiles combine 

economy an efficient use of the material and optimal 

structural performance. They are externally reinforced with 

composite fibers, which improves the mechanical 

characteristics of wood and protect it from weathering. The 

available experimental tests to axial loadings show the 

outstanding properties of this new technology. Herein, the 

preliminary model developed to obtain the axial strength of 

longitudinally compressed tubes is presented. Two different 

algorithms are discussed and applied. R .Gutkowski, 

J.Balogh, J. Netterer:[5] Studied the load-displacement 

behavior of composite wood-concrete floor/deck systems. A 

novel shear key/anchor detail for overlaying solid wood 

floors in office buildings with a concrete layer. Thus creating 

a composite floor was adopted for this study. The detail 

utilizes a notch to transfer bearing stress and shear stress in 

the joined materials for interlayer force transfer. The anchor 

insures tight mating of the layered materials. Laboratory 

testing included pull-out tests on anchors, interlayer slip tests 

on connection details beam specimens and two full scale 

layered deck specimens. The objective was to determine 

appropriate dimension of the shear/key anchor detail. An 

assessment of the degree of composite behavior was made 

based on test results for the bare wood decks and composites 

specimens resulting from the addition of a concrete layer. 

U.K.Rokeya, M. Akter Hossain:[6]Studied about the physical 

and mechanical properties of hybrid Acacia, produced from 

natural crossing between two introduced timber 

species(Acacia Auriculiformis and Acacia Mangium). The 

timber hybrid Acacia is of medium dense having specific 

gravity 0.5 at green condition which is less than that of teak 

(Tectona Grandis). The volumetric shrinkage of hybrid 

acacia wood was found greater than that of teak but the 

specific gravity was found less than that of teak from the 

study of physical and mechanical properties. Tt is evident 

that the species are moderately strong. Wethyavivorn, 

K.Atechacosit:[7]Studied the process of development of the 

optimal topology of steel-wood composite beam including 

analysis, design and experiment beams: finite element 

techniques was used to perform stress analysis together with 

special algorithm developed to generate the optimal topology 

of the design area. The technique of closure of element or 

material deactivation was employed. This final design was 

then reanalyzed to investigate the stress level and evaluate 

the stability and failure conditions. Three full scale 

composite beams with the span of 4 meters were built and 

tested and the load carrying behavior including failure 

mechanism was investigated. It was found that the topology 

technique worked well for this steel wood composite beam 

design. The optimal topology design was obtained at the 99th 

evolution and in a cut down of more than 30% of steel by 

weight. K.M.Bhat and P.B.priya:[8]studied the variation of 
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young’s modulus and the bending strength of teak of western 

ghat of India and characterized in terms of mechanical and 

anatomical wood properties within the same age of 21-years 

old plantations. Ching-shiann Huang:[9]Conducted axial 

and flexural load tests to know the behavior of concrete-filled 

thin walled tubes with stiffened square sections. Which are 

called tie-bar stiffening which are for improving the 

performance of square concrete filled with thin-walled steel 

tubes. Axial load test and combined axial and flexural load 

test have both been conducted for Un-stiffened and tie bar 

stiffened square CFT beam column. It is observed that the 

axial load strength and ductility of square CFT columns can 

be enhanced by the proposed stiffening scheme and the 

spacing instead of diameter of the tie bars is the dominant 

factor to the scheme’s effectiveness stiffened square CFT 

beam-columns have a better flexural behavior. Robort 

Lopez-Anido, Julio.F.Davalus.:[10] conducted experiment to 

evaluation of stiffness of laminated composite beam elements 

under flexure. The objective of this study experiment are to 

define upper and lower bonds for the stiffness of laminated 

beam elements under flexure to correlate experiment 

effective beam moduli with analytical prediction and to 

obtain threshold aspect-ratio that limits the range of 

application of various analytic methods. Experiment tests 

were conducted to characterize the load displacement 

response of laminated beam elements under flexure and the 

results were correlated with available analytic approaches. 

E.K.mohanraj, S.Kandasamy, A.rajaram:[11]studied the 

seismic behavior of concrete filled steel tubular beams. In 

this specimens are tested to find out the basic mechanical 

properties. The cube specimens were placed over the 

compression testing machines and the load was gradually 

applied till the failure of the specimen. The ultimate load was 

noted down as collapse load and crushing strength was 

calculated. The beam is placed on electronic testing machine 

to find out the flexural strength for various proportions. Split 

tensile strength tests were carried out with concrete cylinders 

in compression testing machine for each type of concrete. 

Xu.Kai-cheng, Chenmeng-cheng and Yuan fang:[12] 

studied confined expansion and bond property of 

micro-expansive concrete filled steel tube columns. The 

shrinkage/expansive behavior and bond carrying capacities 

were investigated through 4 micro-expensive concrete filled 

steel tube (MCFST) and 3 conventional concrete filled steel 

tube (CFST) short columns. The results show that the 

temperature field in MCFST is similar to that of ordinary 

concrete members. Concrete core has obvious effect on 

shrinkage compensation with the addition of swelling agent. 

Pre-stress is produced in the core concrete when it is confined 

by the steel tube. Y.A.Sun and K.Sakino:[13] Experiment 

and theoretical investigation conducted to study the flexural 

strength enhancement and ductility improvement by 

encasing the reinforced concrete columns with square steel 

tube are described. It is shown that the columns can not be 

only prevented from brittle shear failure, but also made to 

exhibit stable behavior even under high axial compression 

when confined is square steel tube. A.Shanavas and 

B.M.Kumar:[14] studied the physical and mechanical 

properties of three agro forestry  tree species from Kerala, 

India and 3 species of woods properties are compared with 

teak wood. 

 
III. MATERIAL, METHODOLOGY AND TESTING 

A.  Material Selection 

           This section describes the details of processing of the 

composites and the experimental procedures followed. The 

materials used in this work are 

1. Rectangular steel tube 

2. Rectangular wooden beam 

Basically above mentioned two materials selected for the 

composites are steel and a wooden beam, the main reasons 

for selecting these materials is wood being the renewable 

resource and the ideal raw material for development of 

industry on sustained basis. The carbon steel is widely used 

in almost all the applications of structural designs and 

infrastructures. For the comparison of the behavior of the two 

materials, two different specimens are used.  Specimen type 

one made up of only steel material and other made up of steel 

–wood composite. To study the effect of tolerance on 

strength, wood size is varied and tested under bending. and 

bending properties are analyzed. The properties of the steel 

material under bending analysis is performed by the hollow 

steel tube specimen of outer dimensions 

50.20mmX26.30mmX762mm and with thickness of 1.5mm 

this dimensions of steel tube is to be taken from the  standard 

fiber(wood)  dimensions  which are  reinforcing  as shown in 

the figure 1. 

 
Fig.1: Cross Section Dimension of the Steel Specimen 

The properties of steel-wood composite material under 

bending analysis is performed by the wooden material press 

fitted into hollow steel tube as shown in the figure. The 

composite material consists of the hollow steel tube matrix of 

outer dimension 50.20mmX26.30mmX762 mm with 1.5mm 

thickness and the filler material as the wooden beam of the 

dimension 47mmX23.1mmX762mm this dimensions of  

wood material are specified from the ASTM D 143 and BS 

373 as shown in the figure which is press fitted into the steel 

tube. 
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Fig.2: Cross Section Dimension of the Composite Specimen 

B.Methodology 

The two specimens are prepared for the three point 

bending test in order to perform the real life tests under 

bending load at the center with the span of 700mm which is 

also specified by the ASTM D 143 and BS 373 as shown in 

the figure.  

 
Fig.3: Span and Dimensions of the Prepared Specimens 

 

Fig.4:  3 Point Bending Test Parameters of the Specimen 
The beam is tested under the bending load in universal 

testing machine under the three point arrangement as shown 

in the figure 4. Flexure testing is often done on relatively 

flexible materials such as polymers, wood and composites.  

Test Apparatus: Universal testing machine TUE-C-1000 

meets the requirements of IS 1828 (part1)-2005 and ISO 

7500-1 standards. 

Table .1: Technical Specifications of Universal Testing 
Machine: 

Machine Specifications 

Mode

l 

TUE/

TUE-

C 

Max. 

Capaci

ty 

(kN) 

Lea

st 

cou

nt 

(kN

) 

Cleara

nce for 

compr

ession 

test 

(mm) 

Cleara

nce 

betwe

en 

colum

ns 

(mm) 

Ra

m 

stro

ke 

(m

m) 

Pow

er 

supp

ly 

1000 1000 0.1 0-850 750 250 

3 

phas

e, 

440 

volts 

50 

cycl

es.A

.C 

The universal testing machine consists of a set up for 

testing the three point bending set up facilities along with the 

digital data acquisition system and load is applied manually 

using hydraulic cylinder the values of load applied, 

deflection are digitally noted directly on to the data 

acquisition system, further the load data is connected with 

the computer and the plot of load vs deflection is directly 

performed by the computer which is taken as the output. The 

load in KN is applied with uniformly increasing the value of 

the load and the deflection under the different applied loads 

is noted down directly by using the data acquisition system. 

The applied load increased up to the breaking point or till the 

failure of the material.  

The load Vs deflection curve obtained by the testing for the 

two different materials is analyzed, load under the 

proportionality limit, ultimate load and load at the failure is 

noted by the graph and the value of bending stresses under 

the proportionality load, ultimate load, and failure load 

values are calculated theatrically by the bending equation.  

The stress values calculated from the above load values are 

compared with the finite element method with the help of 

ANSYS 12 software the model of the required specimen 

dimension is modeled into the software by using various 

modeling tools  and the load under proportionality limit, 

ultimate load, failure load is applied on to the specimen 

modeled in the software under the required set of  conditions 

further the solution obtained from the ANSYS 12 is 

compared with the calculated values and the modal shapes or 

the behavior of the materials with the two Methods is being 

compared. 

C.Testing 

The test determines bending properties of the both steel 

tube, wood beam and the composite beam for further 

comparison. The testing procedure is same for analyzing all 

the specimens as follows: 

 Specimen Preparation 
Prepare the specimens individually with the help of the 

skilled workers maintaining the exact dimensions as shown 

in the figure 5. Firstly the two mild steel specimens are taken 

maintaining the exact dimension then making some minor 

flakes on to the wood surface. The wood material is press 

fitted into one of the mild steel hollow area which performs 

as the composite material. And then to study the effect of 

tolerance on strength the size of the wood is to be gradually 

increased to obtain interference fits. 

 

Fig.5: Testing Specimen Made Up C-35 Steel Material 
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Fig.6:  Testing Specimen Made Up Wood-Steel Material 
 Experimental Set Up 

Place the specimens on to the machine where specimens 

are placed for testing on the machine as shown in the figure 

6, maintaining the requirements for the three point bending 

tests that is maintain the span length of 700mm where the 

overall length of the beam is 762mm by placing the two 

support fixture at the distance of 31mm from both the ends 

which meet the set up requirements for the three point 

bending tests. 

 
Fig.7:   Three Point Bending Set Up On UTM 

 Applying the Load 
By unlocking the lever present on the machine spindle 

move the machine spindle down to reach the specimen 

surface manually by hand apply initial pressure on to the 

surface of the specimen then by locking the lever. Apply the 

gradually increasing load hydraulically on to the specimen by 

using the knobs present on to the machine. 

 
Fig.8:   Load Application on UTM 

 Load Vs Deflection Graph  
Due to increase in the load deflection of the beams starts 

up to certain level the load vs. deflection graph will be linear 

that is load will be directly proportional to  deflection. Due to 

further increase in the load the load value will not be 

proportional to deflection, since the deflection values goes on 

increasing  as the strength of the material goes on increasing 

material loses elasticity and undergoes plastic deformation.       

                              

 
Fig.9:   System Generating Graph 

The nature of the graphs for the steel, wood, composite 

materials with tolerance are as shown in the figure 9. The 

graphs are automatically generated by the computer attached 

to the machine hence by this graph we can predict the 

strength of the material by knowing the deflection at the 

respective load values which is further required for 

calculating the required bending stress and to predict the 

strength of the material. 

 
Fig.10: Combined Load Vs Deflection Graph for the 

All Composite Specimens 
The natures of graph for the composite materials with 

tolerance are as shown in the figure 10. The graphs are 

automatically generated by the computer attached to the 

machine hence by this graph we can predict the strength of 

the material by knowing the deflection at the respective load 

values which is further required for calculating the required 

bending stress and to predict the strength of the material. 

 
IV. CALCULATIONS/TABULATIONS 

Once the load Vs deflection graph is plotted the next step 

is to find the proportional limit, elastic limit, upper yield 

point, lower yield point, ultimate point and the breaking 

point from the graphs and to find the stresses at the respective 

point by knowing the load value and the deflection value 

from the graphs in order to predict the strength of the 

material, comparing and predicting the good material for the 

application these values, calculations are very much 

necessary. Calculation is done for the individual graphs that 

are for the composite materials. 

A.  Formulas Used For the Calculations 

1. Moment of inertia= I=  mm4 

2. Bending Moment=  N-mm 
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3. Bending strength σb=  X y N-mm2 

4. Modulus of elasticity E=  N-mm2 

Where, 

B=Breadth of the specimen 

D=Depth of the specimen 

F=Total force 

Ls=Span length of the specimen 

δ=Maximum deflection 

L=Length of the specimen 

Table.2: Size and Weight of the Steel Specimens 

  size and weight of RST(Rectangular steel tube) 

specimen code 
size of steel specimen in 

mm 

weight of 

specimen in kg 

RST1 50.20×26.30×762mm 1.218kg 

RST2 50.20×26.30×762mm 1.224kg 

RST3 50.20×26.30×762mm 1.240kg 

RST4 50.20×26.30×762mm 1.262kg 

RST5 50.20×26.30×762mm 1.258kg 

 Table. 3: Size and Weight of the Wood Specimens 

size and weight of RWB(rectangular wood beam) 

specimen 

code 

size of wood specimen in 

mm 

weight of 

specimen in 

kg 

RWB1 47×23.1×762mm 0.552kg 

RWB2 48×23.6×762mm 0.560kg 

RWB3 49×24×762mm 0.612kg 

RWB4 50×24.5×762mm 0.674kg 

RWB5 51×25×762mm 0.828kg 

Table.4: Size and Weight of the Composite Specimens after 
Reinforcement 

Size and Weight of the RCB(rectangular composite beam) 

after reinforcement 

specimen 

code 

size of composite specimen in 

mm 

weight of 

specimen in 

kg 

RCB1 50.20×25.30×762mm 1.743kg 

RCB2 50.12×25.30×762mm 1.721kg 

RCB3 50.60×26.10×762mm 1.774kg 

RCB4 50.50×26.55×762mm 1.785kg 

RCB5 50.30×27.5×762 1.926kg 

Table below shows the calculations of bending stress and 

the Modulus of elasticity of the wood –steel composite 

specimen for the load and deflection values based on the 

graph. The stresses within the proportional limit, elastic 

limit, upper yield point, lower yield point, ultimate point, 

breaking point are noted and calculated into the below table. 
Table.5: Static Bending Strength, Modulus of Elasticity of 

Composite Specimens 
static bending strength, modulus of elasticity of composite 
specimens 

speci

men 

code 

Load 

in 

KN 

Defl

ecti

on 

in 

mm 

Bendi

ng 

mome

nt 

N-mm 

Momen

t of 

inertia 

mm4 

Modulu

s of 

elasticit

y 

N-mm2 

3Pt 

Bendin

g 

strengt

h σb 

N-mm2 

RCB

1 
25.3 12 

44304

92 

266716

.8 
56524.3 416.94 

RCB

2 
21.5 9 

37654

55 

265443

.7 

64360.1

8 

355.48

8 

RCB

3 
21.45 10.5 

37567

95 

281780

.4 

51848.0

3 

337.30

8 

RCB

4 
19.7 12.5 

34505

64 

284942

.6 

39558.2

9 

305.76

5 

RCB

5 
24.4 12 

42733

06 

291645

.5 

49858.8

5 
368.5 

Hence it can be proved that from the above calculations 

and the tables there is no relatively change in the modulus of 

elasticity, bending strength of the composite specimens. 

Table.6: Stress and Deflection Comparison for Steel, Wood, 
Composite Beams with Testing and ANSYS Values 

Spe

cim

en. 

 

Maxi

mum 

load in 

KN 

Deflection in 

mm 

Maximum stress in 

N/mm2 
% Error 

Testi

ng 

ANS

YS 

Testin

g 
ANSYS 

RS

T 
20 7 6.802 1181.1 956.265 19 

R

W

B 

15 11 
10.56

8 
321.11 318.932 0.68 

RC

B 
25.3 12 

11.80

9 
416.94 412.423 1.08 

The Table No.6 represents the comparison between 

deflections values obtained from testing along deflection 

from ANSYS. It can be shown that deflection produced by 

composite beam is less than steel beam and load carrying 

capacity is also high as compare to the wood and steel 

specimens. From analysis of different specimens of 

composites we find that the rectangular composite beam1 

(RCB1) is high load carrying capacity as compare to other 

composite specimens. And there is no relatively change in 

the flexural strength of the materials. So we can say that there 

is no effect of tolerance on wood reinforced steel tube. Only 

the press fit specimens gives the good strength and load 
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carrying capacity. The transition and interference fits will 

not changes the load carrying capacity and strength. 

 
V. FAILURE OF THE COMPOSITE SPECIMENS 

IN 3 POINT BENDING 
Due to application of the load on to the specimens the 

material fails in compression at above surface and no failure 

at bottom as stretching takes place due to tensile loading. If 

there is no knot presents in the wooden beams the wood 

reinforced steel tube fails as shown in figure 11.  

 

 
Fig.11: Failure of Knot Free Composite Beams in Bending 

 
VI. EFFECT OF KNOTS PRESENT IN THE WOOD 
If there are knots presents in the wooden beams the wood 

reinforced steel tube fails as shown in figure 12. We see that 

the because of knot present steel tube tears at the location of 

knot. 

 

 

Fig.12: Failure of Knot Present Composite Beams in 
Bending 

VII. CONCLUSION 
The above testing, calculations and analysis proves that 

the deflection of the hollow steel beam is more than the 

wood-steel composite beam of the same dimensions. It can be 

concluded that the wood material provides the strength to the 

hollow steel material and provides resistance to deformation. 

It also provides the better weight–strength ratio and helps in 

reducing volume of the metal surfaces for the required 

structural load applications. Hence results in reducing the 

use of the metal volume. Weight of the beams is reduced 

resulting in cost reduction. 

 By the testing of the hollow steel beam and the 

wood-steel composite beam it can be concluded that 

the wood material acts as reinforcement for the steel 

material and provides the strength to the steel tube 

in reducing deformation. 

 From the above graphs it can be concluded that the 

load carrying capacity of the RCB1 is higher as 

compared to the other wood reinforced steel 

specimens. 

 From the strength calculations it can be concluded 

that there is no effect of tolerance on wood 

reinforced steel tube. Because there is no relative 

change in the flexural strength of composite 

specimens. 

 By testing the specimen RCB4 it can be concluded 

that the specimen tears when the knots present in 

the wood beam. 

 

REFERENCES 
[1] Samantha kiljunen, Lappeenranta(FI);Milla 

Hintikka,Lathi(FI);et al, “wood metal composite structures”, 

United states, Patent application publications, Pub, no: 

us2011/0223417Al, Sep 15,2011. 

[2] Andreas Heiduschke, peer Haller, “Load carrying behaviour of 

fiber reinforced wood profiles”, World conference on timber 

engineering 2010. 

[3] Poo chow, 1102 south Goodwin Avenue university of Illinois 

Urbana IL 61801, “Test report on Accelerated weathering tests 

with eight force pro molded composite railroad crossties”, May 

2005. 

[4] J.M.Cabrero, A.Heiduschke, P.Haller, “Analytical assessment 

of the load carrying capacity of axially loaded wooden 

reinforced tubes”, Preprint submitted to composite structures 

24 march 2010. 

[5] R.Gutkowski, J.Balogh, J.natterer, et al., “Laboratory tests of 

composite wood concrete beam and floor specimens”, 

Proceeding of the International Wood Engineering 

Conference-vol.3, New Orleans, La., pp.3.431-3.435. 

[6] U.K.Rokeya, M.Akter Hossain, et al., “Physical and 

mechanical properties of (Acacia Auriculiformisy a.Mangium) 

Hyrid Acacia”, Journal of Bangladesh Academy of sciences 

Vol.34, No.2,181-187,2010. 



 

 

163 

[7] B.Wethyauivorn, K.Atchalosit, “The optimal topology of 

composite beams: analysis, design and experiment”, 

System-Based vision for strategic and creative Design, 

Bontempi(Ed) 2003 Swets and Zeitlinger lisse, 

ISBN-9058095991. 

[8] K.M.Bhat and Priya, “Influence of provenance variation on 

wood  properties of teak from the western ghat region in India., 

IAWA Journal, Vol,25(3), 2004; p.p. 273-282. 

[9] Gee-Yu Liu, Yeong-kae Yeh and Key et al., “The axial and 

flexural load behaviour of concrete filled steel thin-walled 

tubes with stiffened square sections”, www.context-gmbh.de. 

[10] Roberto Lopez-Anido, Julio f. Davalos and Ever, J.barbero, 

“Experimental evolution of stiffness on laminated composite 

beam elements under flexure”, Journal of reinforced plastics 

and composites, Vol.14-april 1995, p.p.349. 

[11] E.K.mohanraj, S.kandasami, A.Rajaraman.”Seismic behavior 

of concrete filled steel tubular beams”, http// 

ciprenier.com/100035039,www.scinst.org.sg. 

[12] Xu kai-cheng, Chen Meng-cheng, and Yuan fang, “Confined 

Expansion and bond property of micro-expensive 

concrete-filled steel tube columns”, The open civil engineering 

journal,2011,5,173-178. 

[13] Y.A.sun and K.sakino, “Flexural behavior of reinforced 

concrete columns in square steel tube”, Earthquake 

Engineering Tenth world conference 1992 Balkema, 

Rotterdam, ISBN -9054100605. 

[14] A.Shanavas and B.M.kumar, “Physical and mechanical 

properties of three agro forestry tree species from kerala, 

India”, Journal of Tropical Agriculture 44(1-2); 23-30,2006. 

[15] http://www.mech.utah.edu/rusmeeha/labnotes/composites.ht

m 

[16] www.elseveir.com/locate/conbuildmat 

[17] http://www.zenithair.com/kit-data/ht-85-12 

[18] http://www.engineeringtoolbox.com/wood-density-d_40.html 

[19] ANSYS 12 help. 

 

 


