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RESULTS OF TESTS ON THE UNIFORM THREE AXIAL
TENSILE

EREMICHEV A.N.

N.CYPRUS, UNIVERSITY MEDITERRANIAN KARPASIA

Abstract. To determine the surface of strength [1], of great importance is the "starting
point" which is determined by the results of tests on

a. auniform all-round compression and
b. all-round uniform tension.

The first definition is rather trivial, although associated with greater technical
difficulties when creating the higher pressure at which the material collapses under
compression. The creation of the stress state "all-round uniform tension" and
especially the measurement of breaking stress at the same time is a complex scientific
and engineering task.

A brief review of articles on the subject. The sample and the device for three axial
tension developed by the author are described. The results of tests of samples of
plexiglass and carbon-carbon composite material are given.

Key words: Samples for testing, all-round uniform tension, uniform three axial tension,
finite element method, the postulate of Drucker, plexiglass, carbon-carbon composite
material.

AHHOTauuA. Mpu onpeaeneHMM NOBEPXHOCTU NpPoYHOCTU [1], 6onbloe 3HayeHWe
MMEIOT «HaYasibHble TOYKN» onpeaensaemble No pesynbTaTam UCMbITaHUM

a. Ha paBHOMEpPHOe BCECTOPOHHEE CXKaTUe U

6. Ha paBHOMEpPHOE BCECTOPOHHEE PACTANKEHME.
OnpeaeneHve nepBbiX AOCTAaTOYHO TPWMBMANBLHO, XOTA WM CBA3AHHO C HO/bWKMMM
TEXHUYECKMMM TPYAHOCTAMM NPU CO34aHMM OONbLIMX OABAEHUM MPU  KOTOPbIX
paspywaeTtca matepuan npu cKatun. CosaaHue Ke HaMNPAMKEeHHOro COoCTOSHMSA
«PaBHOMEpPHOE TPEeXOCHOE PacTAXKeHMe» U OCOBEHHO M3MepeHWe Pa3pPyLLAOLLEro
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YyCUAMA Npu 3TOM, NPeacTaBAAeT COOON CNOMKHYI MHXKeHepHyto 3aaadvy. OaunH m3

cnocoboB eé pelleHMA -3TO CO3JaHMEe PaAaBHOMEPHOrO TPEXOCHOro pacTaXeHuA. B
paboTe paccmaTpmBatloTCA YCTPOMCTBO M obpasel, ANA UCMbITaHUM Ha paBHOMeEpPHOEe
TpexocHoe pacTsaxkeHue. MpuBeaeH KpaTKMin 0630p paboT, NOCBALLEHHbIX AAaHHOMY
Bonpocy. [lpuBeaeHbl pe3ynbTaTbl WCMbITAHUA HA PABHOMEPHOE TPEXOCHOEe
pacTaxeHnMe o06pasuOB W3 OPrcTekna W yraepoa-yrnepos KomMno3MUMOHHOro
maTtepuana.

KnioueBble cnosa: O6pasubl A8  WUCNbITaHUM, BCECTOPOHHEE pPaBHOMEPHOe
pacTa)KeHne, paBHOMEPHOE TPEXOCHOE PaCTAXKEHME, MEeTOh, KOHEYHOro 3/1eMEeHTa,
noctynat [lpykepa, NAeKcuraace, yrnepoa-yrnepoaHbii KOMMNO3UTHbIA MaTepuman.

To determine the surface of strength [1], of great importance is the "starting
point" which is determined by the results of tests on

a. a uniform all-round compression and
b. a all-round uniform tension.

The first definition is rather trivial, although associated with greater technical
difficulties when creating the higher pressure at which the material collapses
under compression. The creation of the stress state "all-round uniform tension"
and especially the measurement of breaking stress at the same time, is a
complex engineering task.

One of the greatest scientists and educators in the field of strength of materials
Feodosiev V. I. in the book [2] wrote:

“The only one method of the all-round homogeneous tension known at present
time is the following:

“The previously cooled solid homogeneous ball is quickly heated. The stress state
indicated above will occur in the ball center. Unfortunately this method is not
suitable for investigation of material properties under this state stress, for
example for determining the so-called rupture characteristic”.

This method was used by modern scholars [3]. Obviously are the difficulties to

define specific values of the limit of the all-round tensile strength. Strength at
10
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all-round uniform tension in [3] is determined indirectly by finite element
method (FEM).

Lately many works have been written which address the issues associated with
the testing of materials under three axial tension. A review of these works is
beyond the scope of this article. However, a large number of such works testify
the importance of studying the properties of materials with uniform three-axis
tensile.

One of the ways to create a stress state almost exactly like all-round uniform
tension is applied along three mutually perpendicular axes uniform tensile
forces. The stress state arising from this can be called a uniform three axial
tension (UTAT). The description of the device and the sample for the project are
described in the article. In conclusion, the results of tests of samples of plexiglass
and carbon-carbon composite material (CCCM) are given.

1. The author was offered a device which allowed to test in three axial tension
using a standard testing machine [4] and a sample for such tests [5].

Detailed description the device is in [4]. The device is shown in Fig.1.

The advantage of the device is that the load increases proportionally on all three
axes. If you set the same move at the top and bottom of the device (Fig. 1) which
is possible with modern test machines, the center of the sample remains
stationary.

The sample for uniform all-round tension [5] is developed in the form of a cube,
having in the middle of each edge of the groove (Fig. 2). The grooves restrict the
area of comprehensive stretching. As shown by the results of the experiments,
the fracture surface passes through this area and does not affect the part of the
sample in contact with the grip.

11



]

Fig.1. Device for three axial tension

The shape and size of the sample chosen from the following simplified
considerations.

Width b and depth c of the grooves in the sample should be such that the failure
of the specimen occurred in the middle part of the tensile stress, not shear due
to the impact of grippers of device.

Calculating the tensile stress in the center of the specimen and shear stress of
capture and considering that most of the material breaking stress in shear is
approximately half the breaking stress in tension will get

Cc
a>4c-b, rs;

More accurately the stress-strain state of the sample and final clarification of its
size were made in [5] by FEM. The calculations were made for the samples with
different sizes. Selection criteria of the final sample size was that to ensure the

12
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£ A

least stress concentration in the working area of the sample near its center
(uniform three axial tension, and the virtual absence of shear stresses).

a

=

(l

b

Fig. 2. The sample for the three axial tension

The allowable deviation from UTAT is equals no more than 10%. For a sample
with optimal size in UTAT stressed state is about 40% of the working area of the
sample. Tensile stress in each of the three axes was 0.860;;, where

G = F
= (q-20)2 "’

F - the tensile force acting on each of the three axes.

Therefore, the stress on the central section of the specimen differs only 14%
different from the average stress g;; .

In samples with other dimensions this deference of tensile stress in the center
of sample and also the stress concentration are greater.

The calculation was carried out in an elastic medium. For real materials, which
at the time of destruction will have faced significant plastic deformation, stress
concentrations will be lower.

The final specimen dimensions was selected as follows (Fig.2)
13
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2. In the first stage of experimental investigations the tests were carried out for
an isotropic material. The object of the study was chosen to be plexiglass ,
supplied in sheets with a thickness of 50 mm. Series of samples (7 pieces) with
the following dimensions were produced

a=38,0 mm, b=8,0 mm, ¢=8,5mm, r=4,0 mm.

The tests were carried out using the device [3] (Fig.1) on the serial testing
machines FMG-200 at the velocity of the grippers of the machine of 0.2 mm/sec.
Average results of test UTAT series samples are given in the table 1.

Table 1
The type of stress state Ultimate Strength oV [MPa] Energy [Joules]
Uniform three axes tension UTAT 9,79 14,41
Uniaxial tension UAT 13,60 7,45

For comparison, the same series (7 pices) of samples were tested with the use
of the same device under the conditions uniaxial tension (UAT). In this case the
grippers of the device was attached only to two opposite sides of the cubic
sample. The results are shown in the third row of the table. Thus the comparison
of test results of samples of UTAT and UAT becomes correct, since errors of
transmission of forces through the device, stress concentration, etc. for different
types of tests are almost the same.

The destruction of all samples occurred in the working area and not at the area
of attachment of the grips, which indicates their suitability.

For all the samples as in UTAT and in UAT by using the diagram of the apparatus
of the testing machine were recorded the diagram "force- move of grips of
testing machine". Asthese diagrams for all samples were linear, then the energy
of rupture of the sample can be calculated as half of the product of maximum
force by the move of the grip. The average value (7 pices) of this energy is given
in the last column of the table.

14
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For discussion of the obtained results let us consider an isotropic material with
equal strength in all three axes g¥. Plexiglass is such a material. The time of the
destruction at uniaxial tension is depicted by points lying on the axes of a
rectangular coordinate system ¢!, 0, 0; 0, ¢!, 0; 0, 0, cV. The postulate of
Drucker, says that the surface of plasticity should not be sunken [1]. By analogy
we can assume that the surface of strength should also not be sunken. In the
limiting case, this may be the plane passing through the above point. The case of
UTAT would correspond to a beam having equal angles with all three axes. By
simple geometry it can be shown that the ultimate strength under UTAT o547

3 =1,73 times less than in uniaxial tension.
0ar | Ograr = 1,73
Again, note that the above is the case if the surface strength flat.
The results given in table show that
0ar | ograr = 1,39

which indicates either an error of the results of the experiments or of the fact
that the surface of strength are slightly convex.

A very important result which is in need of further reflection and discussion is
that. Despite the lower strength of the samples at UTAT than UAT accumulated
sample energy to the point of destruction in the first case were almost two times
greater. This indirectly suggests that in the case of UTAT energy failure criteria
may be more preferable.

The main conclusions of this article coincide with the content of our publications.

3. In a similar way, tests were carried out with two series of samples of carbon-
carbon composite material (CCCM) of the type 3D. The first series had the size

a=38,0 mm, b=8,0mm, ¢=10,0 mm, r=4,0 mm.

15
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and the second

a=38,0 mm, b=6,0mm, ¢=6,3 mm, r=3,0 mm.

Samples of the first series were almost the same as tested earlier plexiglas
samples. For CCCM the depth and width of the groove led to the destruction of
the sample not at the working area, and to the "puckering" of the carbon fibers
of those parts of the sample, which is attached to the gripper of device. It is
associated with a significantly lower binding strength compared with the
strength of carbon fiber. The destructive stress in this case was very little of 0,507
MPa to 0,863 MPa.

The second series of samples from CCCM have reduced width and depth of
grooves. This has led to the growth of destructive stresses almost 20 fold.
However, in this case, the destruction of the samples occurred not in the working
area. Observed cracking close to one of the grips of the device. Stresses in the
working area of the sample at this point was approximately 25% of the tensile
strength CCCM under uniaxial tension.

Thus, the task to determine the strength under three axial tension CCCM at this
stage of the work failed. In our opinion it is necessary to increase the size of
samples a and a relative decrease in the depth ¢ and width b of groove. It is
connected with great difficulties due to the high value of the samples CCCM and
the limited capacity of the test equipment.

4. Conclusion

The device and the sample, which can be successfully applied to study the
properties of materials under three axial tensile were developed.

The proposed method of test for three axial tension can be successfully applied
to orthotropic materials such as plexiglass.

16



The use of the above described methods for investigation of materials like CCCM

requires further development. It is necessary to increase the size a of samples
and a relative decrease in the depth c and width b of groove.
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PYHIMUNUOHAA AKTUBHOCTb NMOJIHOCTbIO
SAMELWLEHHbIX AMUHO®EHOJ1I0B C I'-
NMMPUAUHOBBLIM SAMECTUTE/IEM

KYKYWKKH A.A., BoHaAPL M.H., JlloeAwWwKKH A.B., ToBsnc M.C.

Poccuna, CUBUPCKUIM TOCYAAPCTBEHHbIA YHUBEPCUTET HAYKU U TEXHOJTOTUN UM.
AKAQEMUKA M.®. PELIETHEBA

AHHoTaumuAa.  CylecTBylOT  MOJIHOCTbIO  3aMeLeHHble  aMUHOGEHONbl €O
CNOXKHO3IOUPHBIMKU TPYNNaMU U METUNBbHBIMU 3aMECTUTENAMMU B KONbLe. [N TaKux
COEAUHEHWN  paHee  onpeaenann  OAKTEPUOCTATUYECKYHD  AKTUBHOCTb U
bakTepuunaHoe aencreme. B HacTosALlen paboTe BnepBblie U3yYEHO B/IMAHME HOBOTO
CMHTE3MPOBaHHOIroO amunHodeHona, 2,6-AM(3TOKCUKapboHUA)-3-MeTUN-5-NnupnanH-4-
nn-4-ammHodeHona, cogepKawero og4HOBPEMEHHO 3TOKCMKAapOOHUAbHbIE Tpynnbl U
V-MUPUONHOBBIA 3aMeCcTUTeNlb B apomMaTMYecKoM Agpe Ha rpubbl poga Trichoderma
asperellum. CrtpoeHue 6blI0 AO0KA3aHO COBPEMEHHBIMU  PUIUKO-XMMUYECKMMMU
MeToAaMM aHanu3a. YCTaHOB/NIEHO, YTO M3y4Yaemblii aMUHOPEHON MHIMOMpPYET pocT
rpnbos poaa Trichoderma asperellum.

KnioueBble cnoBa: nep3amelleHHbli aMUHOGMEHO, NMUPUANHOBBLIA 3aMecTUTENb,
B6uonornyeckan akTUBHOCTb, QYHITMUMAHAA aKTUBHOCTb, Trichoderma.

Abstract. There are persubstituted aminophenols with ester groups and methyl
substituents in the ring. For such compounds has previously determined the
bacteriostatic activity and bactericidal action. In the present work, we first studied the
effect of a new synthesized aminophenol, 2,6-di(ethoxycarbonyl)-3-methyl-5-pyridine-
4-yl-4-aminophenol containing both ethoxycarbonyl group and y -pyridine substituent
in the aromatic ring on the fungi of the genus Trichoderma asperellum. The structure
was proved by modern physical methods of analysis. Established that the studied
aminophenol inhibits the growth of fungi of the genus Trichoderma asperellum.

19

., Mocksa, 29-30 u

a2 2017
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B Cnbupu nmetotTca orpoMHbIe HaCaXKXAeHUA XBOMHbIX AEPEBLEB, B TOM YMC/IE U
X03ANCTBEHHO LLEeHHOM Nopoabl — COCHbl 06bIKHOBEHHOWM (Pinus sylvestris L.). Bo
Bpems pocTa ApeBeCHble BUAbl NOABEPratoTcA BAUAHUIO Pa3IMYHbIX GpaKTOpPOB
OKpyKatowen cpeabl. OgHOM M3 Hanbonee 3HAYMMbIX Yrpo3 ANA COCTOAHMA
necos AnATcA 6aKkTepuanbHble N rpubroBble 3aboneBaHUA, KOTOpPble MOryT
ObITb NPUYMHOM FTMBENUN XBOMHbIX HAaCaXKAEHWUNA.

HecmoTpAa Ha BblllecKasaHHOE, Ba)KHOM npobnemon SABNAETCA He CTOJIbKO
NOpa*KeHne MHOTONETHUX PACTeHUN, CKONbKO rmMbenb cesHUEeB, B YaCTHOCTH,
XBOMHbIX MOPO/J, BO BPeMSA BblpallMBaHMUA B 1€CHMYECTBAX, B TaKUX macluTabax,
YTO CTAHOBMUTCA MaTepuasibHO HeonpaBAaHHbIM pPa3BeAeHMe MoCcaAo4yHOro
maTtepuana [1].

OCHOBHbIM CMOCO60OM 3aLWMTbI BbIPALLMBAEMOro MaTepmasia XBOMHbIX NOpo4, OT
6onesHer B NeCHbIX MUTOMHWMKax ABAAeTcA 06paboTKa PyHrMUMAHBIMK U
b6akTepUUMAHbIMM npenapaTamu. OgHUM M3 HeAOCTaTKOB AaHHOro crnocoba
AsnseTca npucnocobnaemoctb Bo3byautenen 6one3Hen K TakMm npenapatam
Npu eXerogHom MCMoJsib30BaHUKU; MOMMMO 3TOro, C TEYEHMEM BPEMEHWU, B
pe3ynbTaTe MyTauuii NOABAAOTCA HOBblE, HE YYBCTBUTE/IbHbIE K MPUMEHAEMbIM
BELLeCTBaM, HO CTO/Ib e aKTUBHble BMAbl MNAaTOreHoB. B cBA3N C 3TMM O4YeHb
Ba)HOM CTAHOBMTCA 3agaya YBE/IMYEHWUA CMNEKTPa HOBbIX MPOrPeccUBHbIX
CNaboOTOKCUYHbIX PyHrMUMAOB M DBakTepuunaos ans 60pbbbl ¢ 6onesHAMMU
pacTeHWUI, a TaKKe MccnefoBaHMe AENCTBUA HOBbIX COEAUMHEHUIM HA LUMPOKO
pacnpoCcTpaHEeHHbIX B Npupoae Bo3byautenen bonesHen [2].

B npeactaBneHHoM paboTte npmBeaeHbl AaHHbIE NO CUHTE3Y HOBbIX MOJHOCTbIO
3amMeLlleHHbIX 4-aMMHOGEHONO0B C Y-NMUPUANNBHBIM 3amecTutenem. M3BecTHo,
YTO pasMyHble NpPoM3BOAHble amuHodeHonoB 061a4alOT  CUJIbHBIM
H6aKkTepUUUAHBIM U GYHTMUMAHBIM AelicTBMuem [3]. 9To no3BoaseT Nnpegnosiaratb
Hannume 6aKTepuumaHom U GYHIMUMAHOMW aKTUBHOCTM U Y HOBbIX, He
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