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IMoscow State Technical University of Civil Aviation
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So-called running ductildracture, in which a longitudinal crack can spread over tens,
hundreds and even thousands of met8rsg the most dangerous one during the exploitation
of gas pipelines. During such fracture the crack moves at a speed of more than 100 m/s.
Therefore, itis impossible to affect such fracture after its beginning; it should be prevented at
the predesign stage. To reasonable determine the criteria for the quality of metal for pipes, it
IS necessary to investigate the reasons why the development of adoraditwack arrests and
the running fracture stops.

Special fultscale pneumatic tests of pipelines are carried out to define criteria for the
satisfactory quality of the steel used. GAZPROM proceeds such tests of pipes for main gas
pipelines at a specigllequipped test site in Chelyabinsk Region, Russia. The order of these
testes is described i2][ The gas pressure provides the tensile circumferential stresses in the
pipe wall not more than @ of yi el d stress, and plomstic ¢
testing even in the initiator pipe near the notch.

The stress state of the metal without the crack is biaxial tension. The maximal main
normal stressh is circumferential {ic). It is twice larger than longitudinal (meridional) main
normal stressi = Uz. Third main normal stress is radidl)( andliz = 0 = 0.

The pattern changes significantly after detonating of the charge and starting of the crack
propagation. The crack movement results to the stress state near the crack tip transits from
biaxial tension to more rigid triaxle one because additional radial component of stress occurs.
It results to radial flattening of upper zone of the pipe ahead the crack front (Fig.1) (firstly noted
in [3,4)). The magnitude of this flattening is9%5% of the pipaliameter.

The flattening leads to longitudinal tension of the metal, which results to formation of
flaps during the crack opening (Fig.2). The flattening results in a local increase in the radius of
curvature of the pipe and leads to an increase in ¢esgsses in accordance with Barlow's
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formula. When these stresses exceed the yield strength of pipe steel, plastic deformation occurs,
and when onesxceedthe ultimate strength, fracture and crack propagation occur. Thus, the
crack propagation requireeformation; and the greater is the required deformation, the slower
the crack will move.

The crack propagation process is accompanied by the release of gas (air) from the pipe
and, accordingly, a decrease in pressure. The pressure reduction is cobyrdledyas flow
rate. This means that the factor determining whether the fracture will continue or the crack will
stop (Fig. 2b) is the ratio of the rates of crack propagation and the decrease in gas pressure.

Crack stopping is not the only case where peps considered to have passed the
pneumatic test. Another variant of the behavior of a crack is its looping, when the crack changes
its direction of propagation from longitudinal to circumferential and closes in a ring or semi
ring (see Fig.2a)With proper welding of the bufpints of pipes and the homogeneous
properties along the pipeline, the reason for the loopback forming is a change of the plane of
maximal tangential stresses affected by the flatterbhg [

Thus, the stopping of crack propagatmecurs when one of the two conditions is met.
Firstly, the rate of crack propagation must be low enough to provide the necessary reduction in
gas pressure. Secondly, the metal must be sufficiently ductile so that tangential stresses rather
than normal onesause fracture. That is, both of these conditions are reduced to the fact that
the metal at loading rates corresponding to those that occur during crack propagation during
full-scale pneumatic tests must have sufficient ductility (toughness).

A-A B-B GC

(ONO

Figure 1.Scheme of the pipe during the crac
propagation
Figure 2.Photo of the pipe passed
pneumatic test, in which the crack
propagation wastoppedy the loopback
(a) and by the longitudinal stopping (b).
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The existing methods of computer modekuggest the stopping of the crack propagation
according to only the one of the described mecharniidorggitudinal stoppingd]. In this case,
the stopping criterion is the achievement of the critical value of crack tip opening displacement
(CTOD) [,7] or an excess of the energy required for crack propagation over the amount of
energy transferred to the deforming and fracturing metal by the expandirf}.getse[ second
way to arrest the crack propagation, so named loopback, is not considered in ting existi
theoretical and computer models.
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OPTIMAL SURFACE ROUG HNESS OF TI6AL4V ALL OY FOR THE
ADHESION OF HEK293 HUMAN CELLS

B.B. Straumal 12, A.S. Gornakova !, M.V. Kiselevskiy 4, N.Yu. Anisimova 4, A.N.
Nekrasov®, R. Strug ¢, E. Rabkin ©
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Chernogolovka, 142432 Russia
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Chernogolovka, 142432 Russia

3Institute for Nanotechnology, Karlsruhe Institute of Technology (KIT), Herraann

HelmholtzPlatz 1, 76344 Eggenstelreopoldshafen, Germany
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142432 Chernogolovka, Rigs

®Department of Materials Engineering, TECHNI@$ael Institute of Technology, 3200003

Haifa, Israel
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The wetting behavior of surfaces strongly depends on their roughness. In this/@or
investigated the effect aslurface roughness @f i 6 wt.%AlT 4 wt.% Valloy onthe adhesion
of HEK293 human cellsThe array of linear scratches has been produced on the surtate of
wroughtTi T 6 wt.%AlT 4 wt.% Valloy discs with the aid ofariousabrasive SiC papergith
grit sizesof 220, 400, 600, 800, 1000, 1200, 2000 and 4000 (number of grains fearan
di fferent diamond pastes with grain sizes 6,
tothe SIC grainsize of 688 ¢ m. T hsurfacedopagiaghyeofithe samples was examined
by the conventional andonfocal light microscopyand high-resoltion scanning electron
microscopy Afterwards, theadhesion of the HEK293 human cells to the samples of different
roughness has been measured by fluorescence miscroscopy. The size and morphology of
adhered cells were measured by the light miscroscopyfrabion of adhered cells behaves
non-monotonously with grain size. It is about 0.35 for grain sizé of € m, it increa
increasing grain size up to 0.95 forO%rain s
atabrasivegyrain size ob 8 .&hma position of maximum is comparable with the dimension of
HEK293 cells (~14 m)Thus the variation of surface roughness opens the way to control and
tailor the fraction of adhered cells, depending on demand of medical techniques.

This work was partiayl carried out within the framework of the state assignment of the
Institute of Solid State Physics and the Chernogolovka Scientific Center of the Russian
Academy of Sciences, as well as with the financial assistance of the Russian Foundation for
Basic Resarch (grant 1%8-06002) and Israel Ministry of Science and Technology (gant
16534).
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