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consider what will be expected from the component at
Abstract. - The uniaxial tensile or compressive test provides a service. So, it is important to determine which mechanical
a giv_en mate_rial. 'I_'he_primary_ concept to charagterize a present an appropriate response [3].
material by axial testing is changing. Currently, there is a pure The materials may be characterized through tests that are

bending experimental method by which it is possible to obtain dardized. Axial . btai h hanical
simultaneously tensile and compressive stress-strain curves. standardized. Axial testing 1o obtain the mechanica

Inthis paper, it is presented a pure bending method to Properties usually can be referred as tension and
determine the stress-strain behavior of a material. Results were compression tests. However, in the engineering field it has
obtained on final manufactured specimens from been opted for a different alternative in order to determine
Aluminum alloy 6063-T5. The advantages of this method are the material behavior. In this sense, bending tests provide
related mainly with its versatility and easy implementation. multiple benefits; three of the most important aspects of pure
Besides, it demonstrates feasibility to determine previous penging tests are (1) the simultaneous determination of the
loading history in a component. Additionally it does not need tensile and compressive curves; (2) the magnitude and effect

extensive mechanical preparation of specimens. The method . . . . . . . . -
presented is based on calculations from the value of the bending of prior loading history into the material, and finally; (3) it is

moment and the corresponding value of the strain produced in Virtually unnecessary to produce a specific or standardized
the upper and lower surfaces of the specimen. Bending SP€cCimens to perform the test [2], [4].

experimental results were compared against axial testing. The use of a bending test to determine mechanical
Results and the affinity derived from the balance in stress- properties was investigated for the first time Hbgrbert in

strain curves are satisfactory. 1910, who published a study showing results in terms of
tensile and compressive stress strain curves of a cast Iron
material [5]. A few years later, similar experimental
techniques were performed Byadai[6] andMarin [3].

By 1981,Laws|[7] published a research on a method by
which he calculated stress-strain curves through the data of a
THE stress-strain curves are the best way to describe pending test for a composite material. Results were

mechanical behavior of materials. The most significalcompared against those obtained from an axial tensile test.
property Of a Solid iS |tS mechanical Stablllty In Othel’ WordOne year |ateMayvi||e andFinnie [8] conducted a Study on
the material resistance is strongly related with shape ag pending method. They found the stress strain tensile and
size, by the application of an external agent [1]. compressive behavior for three different materials that were

The mechanical properties describe how a material previously pre-strained. In recent yeasriolagoitia-Sosa
affected by internal as well as external agents, including a| [9] published a new bending method. It is proposed an
forces in tension, compression, impact, fatigue, etc [2].  equation to obtain simultaneously the tensile and

The mechanical properties are very important for theompressive behavior in beams with strain hardening and
selection of materials with requirements that arise from Bauschinger effect. This procedure allows to determine the
particular use. Very suitable materials for certaiffect on the induced residual stress field. Additionally,
applications can be completely useless for others jobSehajerandAn [1] developed an inverse calculation for the
Therefore, before selecting a material, it is important t§imultaneous determination of stress strain curves from

bending test data. They used the inverse calculation to

Manuscript received March 07, 2011; revised March 27, 2011. Thi&duce the possible error percentage found by other
work was supported in the National Polytechnic Institute (IPN) and theesearchers.

National Council for Science and Technology (CONACYyT). : ; :
D. Torres-Franco, G. Urriolagoitia-Sosa, G. Urriolagoitia-Caldero This paper presents an analytlcal method that is based on

n . 0 .
LH. Hernandez-Gémez, A. Molina-Ballinas, C. Torres-Torres and BN€ bending test for providing stress strain curves related
Romero-Angeles are with the National Polytechnic Institute in Section gfith both directions of loading (tension and compression).

Postgraduate Studies and Research, School of Mechanical and Electn'\FIs\[e components tested are pieces directly used by the
Engineering, building 5, floor, Adolfo Lopez Mateos Professional Unit

“Zacatenco”, Col. Lindavista, C.P. 07738, Mexico D.F., Mexico, phone"?‘UtOmOtiVe industry in Mexico. The results (stress-strain
5729-6000; Ext. 54740 (e-mail: david_torres20@ hotmail.comielationship) obtained through this new analytical approach

guiurri@hotmail.com, urrio332@hotmail.com, luishector56 @hotmail.comgra compared with experimental axial tensile data and
yased_83@hotmail.com). . . . .
compression test evidence, which validate the proposed
method.

Index Terms—Analytical methods, pure bending test and
stress-strain curves

I. INTRODUCTION
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Il. METHODOLOGY dissipated on the tensile side as on the compressive sides

_ _ over the increment gf Therefore (4) can be written as:
A. Theoretical Detail§9]

This new proposed method is based on the assumption
that the tensile and compr_ess_lve_ str_ess strain curves_o_ﬂ\/iam = (£ s )2 Z[ Acg, (5Cj +é&, )] (6)
material have an asymmetric distribution. Furthermore, it is cm
considered that the specimen has a cross section wittbwide
and heighth, which is subjected to pure bending moment. Assuming that the stresses and strain at increment-1 to
Also, the cross section plane remains flat before and aftehave been determined, the tensile stress at any increment
the bending [10]. The corresponding strains and stressescan be obtained from (6) as:
the top and bottom surfaces of the specimens are given by

&c, 0y andog respectively. The instantaneous location of the Ny g —
neutral axis of the beam for the hypothetical state is assume

to be at a distandg andh. from the tensile and compression
surfaces. The total depth is equal to the sum &f andh..

A linear strain distribution across the depth of the specimen
is considered followingTimoshenko sassumption. Under

Ag, } /[ z.0¢8,] (M

=1

where,

pure bending condition, the neutral axis is located b — / { bh? } @)
imposing the equilibrium condition that the total axial force ™ ¥ k (&, + gcm)Z
vanishes. The second condition required for the solution is
the equilibrium of internal and external moments. _ o

Let the strain range, be described by a seriesrmofstrain andz, = (eq +e ) Alternatively we can write it as;
incrementsdey, j = 1 ,mand let the corresponding matching -
strain increment forec be Aegj. The strains and strain I\Wm = Z[aﬂ Ag, (&, +& )] 9)

increments for given moment levels are obtained from test

data. At any given instance of loading, and considering axial

equilibrium and areas under the stress strain curve on theand by considering any two consecutive incremi&ntd
tensile and compressive sides, the equation for the totaldk, and generalizing for tensile and compression stresses,

number of increments is [11]: we can write (8) as;
ZJAS —za ze, @ g, =M M (10)
=1 A

It is possible to write the equation for equilibrium of \wherea =t for tension stress and = c for compression
internal and external moments as: stress. The (9) gives the average stresses at any inciement
= 1...m. The tension and compression stresses in this work
were obtained using (10) [12] — [13].

hmZa‘sAa + h“mZa £448, )

cj“q . .
L Em 1 B. Experimental Procedure and Material

The material used for the experiments was an alloy of
From the linearity of strain distribution across the depth luminum 6063-T5 [14]. Eight specimens of square cross

follows that: section (12.7 mm x 12.7 mm) with a total length of 250 mm
were used. Bending tests were developed on a four points
bh? th bh? configuration [10]. The specimen is part of a bar used as
g2 g2 T v (3) lock lever for car’s door and it was decided to simplify the
t ¢ (‘9 te ) problem by transforming the geometry of the component
into a beam.
Therefore (2) can be rewritten as: A heat treatment procedure of annealing was used to free
any previous load history into the specimens. The specimens
were placed into an oven and heated at 250° c for 25
" (£ s )ZZ[UC, g, 0g; +0, ¢, qu] (4)  minutes. Finally, the samples were slowly cooled down
cm inside the oven.

All the specimens were instrumented with strain gauges
From (1), it can be deduced that for each increment  (EA-06-060LZ-120 [15]) at the top and bottom surfaces
(Figure 1). The strain gauges are extremely helpful to obtain
O'tjAé‘tj = G'CjAECj (5)the strain data caused by the application of the moment into
the specimen. The bending moment produces a simultaneous

This implies equality of total strain energy stored ofensile and compressive deformation into the beam. The
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experimental bending procedure was performed in order tioe time to apply the bending moment. Additionally, in order
collect information about deformations and to calculate the reduce the possible friction between the elements, a strip
stress to characterize the material. The best manner dfo silicone PTFE, 2 mm thick was added between the
produce a pure bending moment by an experimental testsemicircle indentation and the cylindrical block.

by the use of a four point bending rig (Figure 2). C. Results and discussions

Top View Before bending tests were carried out, 3 tensile and 3
N 200 . compressive specimens were prepared from the same batch
: Cemter  Bothm - of 6063-T5 aluminum alloy material. The specimens were

annealed, and tests were performed by following standards
[16] — [17]. The average tensile result obtained from a
E tensile test in a form of a stress strain curve is illustrated in
Load points Figure 3. It is important to state, that because the material
was annealed, its behavior was similar in tension as in
compression, so it was decided do not present the
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Bottom View compressive stress strain curve.
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Fig. 2. System of four points of loading

",

# A Strain gauges at

In order to characterize the material, the theoretice »p- top (comp ression)
development for the bending method was based on tt f
assumption that a pure bending moment configuration wi 104 & O Sirain gauges at
not produce shear stress into the specimen and the bend f hottom (tension)
moment will be always constant at the central section of th f; &

beam. These considerations allow describe tensile ar % : : : ' : :

compressive stress properties f_rom s_train data. _ 0 1000 2000 3000 4000 3000 g mfﬁflg
Figure 2, shows the configuration of the four-point

bending rig and the set up of the specimen. It is important toFig. 4. Four point bending procedure, strain data against moment

stand out that the four point rig has several circular blocks

made from steel, which are positioned in a semicircle The bending experimental procedure was performed in a

indentation produced in the main blocks of the rig. Thaydraulic axial machine. For each test a bending moment of

principal purpose of these cylinders is to allow free bendirlgb Nm was applied. The strain data obtained by the moment

movement of the specimen, so no pulling will be produced at
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effect from the bending procedure presented in this reseasthesses) in both directions for determining anisotropic
can be observed in Figure 4. behavior. In this sense, both tensile and compressive axial
From the strain data collected in the bending test, it can testing ought to be performed to determine any prior loading
observed that the strain data from the top and bottohistory, but in most cases the cause cannot be determined,
surfaces are almost identical. From this observation it can because the preparation of the normalized specimens will
concluded, that the bending procedure was performadid a loading history to the component.
correctly. The annealing process erased the stress strain priofhe new analytical method for determination of the
loading history in the material and that the stress strain cursinultaneous behavior in tension and compression by a
of the component is virtually identical in tension andtress-strain curve can reduce the number of tests to be made
compression. It is important to mention that the results ¢d fully characterize the material; moreover resources could
these cases are the average of five bending tests. be saved by the application of the bending procedure.
For the bending procedure, it is also necessary to perform
at least three testing procedures for the characterization of

) 2007 the material. In any case, the entire tensile and compressive
= i measurements must be performed. Additional specimens that
2 : have a flat geometry can be tested without adding any
z% 150 4 manufacturing process.
[ll. CONCLUSION
2 An analytical method for calculation tension and

1004 e = Actual tensile sirength . . T .
3 compression stress-strain  curves exhibited during the

characterization of annealed material bending is presented.

/ 2 Bending test The resulting stress-strain curves obtained from the bending
304 method applied to beam specimens closely agree when they
' are compared against the axial experimental procedure for
/ all cases. This means that the evaluation of the bending

s . . . . . . method with the proposed conditions was generally
f 1000 2000 2000 4000 Ssono song  correctly. This method can be used in any case where the
Sirainpe  behavior of the stress-strain relation is an important issue. It

is worth remarking that this technique could also be applied

Fig. 5. Comparison of stress strain results for a 6063-T5 Aluminum 9 5 material with previous history. However, anticlastic

alloy . . .

effects could be a problem, since it is not possible to
Figure 5 presents the results of both tests (axial tensidﬁter.mme the uIUmgte stress with the app_roach .Of th(.a
and four point bending), showing the relation between theendlng test. The ultimate stress may be easily achieved in

stress-strain curves using the bending method presentea"jl ih axial test, due to the action of the load, where the

. . . . . Becimen starts to be narrowed, so this can be measured
this paper against the axial tensile test. It is clear that tﬁ . :
irectly. It would be interesting to found how could be

results are almost identical between both methods. Howevgr,t ined the uli . b : he bendi
there is a small difference in the yield region between stress o mine the ulimate resistance by using the bending
strain curves, being slightly greater the yield strength foun%pproach.
by the bending procedurélrriolagoitias-Sosa et. al[2],
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