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Abstract: The article in question describes the results of comparison of numerical and real experiments,
presented in the report of the Canadian laboratory “Bodycote” [1]. The paper depicts the test fixture, on witch six
samples (two typical sizes) of light gauge steel stud “ATLANT” were tested. As a result, dependencies between
bearing capacity and characteristic displacements were received. In order to repeat the experiment, the series of
computer models were created with the software ANSYS. The computer models have complex nature:
geometrical / physical nonlinearity was used. For accounting steel material nonlinearity, we used a multilinear
model with isotropic hardening (MISO). The proper diagram was used for each typical size in accordance with
the experiments on the tensile-testing machine. For the purpose of supporting condition and load modeling
which are identical to the full-scale experiment, a couple of contact elements were used. The utilization of
contact elements allowed us to consider friction between the sample and the supporting structures. One of the
disadvantages of the full-scale experiment is the absence of measurements of the initial geometrical
imperfections. For their consideration the use of probabilistic approach is suggested. This approach entails
calculation of several models with different spread of initial imperfections. The initial geometrical imperfections
with stochastic nature were included in the computing model. Parameters of distribution were based on the
measurements of eighty-eight C-shaped members [8]. In the result of comparison, fine precision in terms of the
ultimate bearing capacity and deformation pattern were established. According to expectation, the results of the
full-scale experiments were found inside the fictitious “corridor”, created in accordance with the results of
computer modeling.
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CPABHUTEJIbHBINA AHAJIN3 PE3YJIBTATOB
HATYPHOI'O U YUCJIEHHOT'O DKCIIEPUMEHTOB
O ONPEJEJEHUIO NPEJAEJBHOM HECYIIEX
CINOCOBHOCTHU TOHKOCTEHHBIX MPO®UJIEN «<ATJIAHT»

I'.I'. Kaweeaposa, II.A. Kocvix

ITepMmckuii HAITMOHATBHBIN MCCIIEA0BATEIHCKUH TIOTUTEXHUIECKHI YHUBEpCHUTET, T. [lepmb, POCCU S

AHHoTanusi: B craTbe BBIMOIHEHO CPaBHEHUE PE3yIbTATOB HATYPHBIX 3KCHEPHUMEHTOB, M3JI0KEHHBIX B OTYETE
Kananckoit naboparopun Bodycote [1], ¢ pe3ynbraramMu KOMIBIOTEPHOrO MojenupoBanus.  Omnwucan
UCIIBITATEIbHBIA CTEHJ, Ha KOTOPOM OBUIO WCIIBITAHO IIECTb 00pa3loB (JBYX THUIIOPAa3MEPOB) TOHKOCTEHHBIX
npoduneit mapku «ATJIAHT». B pesysnprare ObUIM TOJIydeHBI 3aBUCHMOCTH MEXIY CKUMAIOIIEH criloi n
XapakTepHbIMH TepeMenieHusIMH. C 11eNblo TOBTOPEHUs DKCIIepuMenTa B pacueTHOM Komiuiekce ANSY'S Oblina
co3/1aHa cepHsi KOMITBIOTEPHBIX Mozesneld. MoJenu coepkar Kak (PU3NUecKH, TaKk TeOMETPHUYECKU HEJIMHEHHYTO
MOCTaHOBKY 3ajauu. i ydera (M3MYECKOW HEIMHEWHOCTH CTalM HCIIOJIb30BaHA IOJIMIIMHEHHAs MOZAEIb C
n30TpormHEIM  ynpouHeHneM (MISO). Jlnsg kaxkmoro Tumopa3Mmepa NpPUMEHsJIach CBOS —IHarpaMma,
COOTBETCTBYIOIIASl WCIBITAHWAM Ha pa3pblBHON MammHe. C LENbl0 MOJEIMPOBAHMS YCIOBHH ONWpPaHHUA H
HAarpy’KeHusl, WICHTUYHBIX HATypHOMY OKCIIEPUMEHTY, HCIOJIb30BAaHA TIapa KOHTAKTHBIX HJIEMEHTOB.
JIONOTHUTENEHO MPUMEHEHNE KOHTAKTHBIX 3JIEMEHTOB TTO3BOJIMIIO YIECTh TPEHHE MEkKTY 00pa3IoM 1 OMOPaMHU.
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OmHAM W3 HETOCTATKOB HATYPHOTO SKCIICPUMEHTA SIBIIICTCS OTCYTCTBUE 3aMEPOB HAYAJIBHBIX T€OMETPHUYCCKIX
HECOBEpIICHCTB. [ uX ydueTa mpejraraeTcsl HCIOb30BaTh BEPOSTHOCTHEIN moaxon. [lomxox mompasymenaer
1oJ; co00il pacyeT HEeCKOIBKUX MOJIENEH ¢ pa3InuHbIMU 0 BEJIMYMHE U (OpME pacnpeiesieHUsIMI HadalbHbIX
HECOBCPIICHCTB. B PpacCuYCTHBIC MOACTIM BHOCHUIIUCH HAYaJIbHBIC I'COMETPUICCKHUEC HECOBEPUICHCTBA (MeCTH]:le n
0011I1e), UMEIOIINE CTOXaCTHUCCKUH Xapakrep. [lapamMeTpsl pacipeneneHus: ObUIH MOJYyYCHBI Ha OCHOBE oOMepa
BOCBMHUJICCATH BOCKMH 00pa31oB cIuIoimHbix C-00pa3Hbix npoduieii [8]. B pe3ysbraTe cpaBHEHHUS yCTaHOBJICHA
Xopolias CXOJAMMOCTh Pe3yJIbTaTOB B IUIaHE MpEIeibHONW Hecyliel crocoOHocTH. YacTh 00pas3loB mokasaia
CXOKHE KapTHHBI edopMupoBanus. Kak 1 03KHIAI0Ch, pe3y/bTaThl HATYPHOTO SKCIEPUMEHTa MOTald BHYTPb
MHHMOTO KOPHIOpa, CO3IaHHOTO Pe3yabTaTaMi KOMITBIOTEPHOTO MOJCITUPOBAHNS.

Kiaouesbie ciaoBa: JICTK, npodpmm mapku «ATJIIAHT», ANSYS, HadanbHBIE TeOMETPHUYCCKIE
HECOBEPIICHCTBA, HATYPHBIN KCIIEPUMEHT

1. TEST FIXTURE

According to the presented report [1], the tests
were conducted on the test fixture, depicted in
Figure 1. The test fixture consists of three
supporting structures, tightly attached to the
reinforced floor, between which the horizontally
positioned sample can be found. Both of
sample ends wereattached totrackswith self-
tapping screws with the diameter of 4.8 mm.
One of the tracks (“the lower” one) was
attached to the supporting structure along the
full length with six bolts M12. Another track
(“the upper” one) was fixed in its ends on the
two remaining supporting structures, positioned
at a distance of Ly, = 1219 mm with four bolts
M 12. While testing both sample flanges,
positioned in the center of the span, were
constrained by using bands sized 38.1x1.27
mm.The band length was Lg= 1219 mm.
Moreover, vertical mobility measurement at the
Y-axis was taken in the center of the span.
Sample adjustment on the test fixture was held
by means of a laser pointer, positioned near “the
lower” track. The load was transferred over the
length (Z-axis) through “the upper” track with
the help of servo-hydraulic actuator, equipped
with the dynamometer. The mechanical motion
transducer was installed in combination with the
dynamometer at the Z-axis. The metal plate was
assembled between the actuator and the track.
The load was transferred continually with
continuous traversing speed monitoring 0.76
mm/min.

Volume 14, Issue 3, 2018

2. TESTS SAMPLES

Three samples of steel studs “ATLANT” of two
typical sizes were tested in the course of the
experiment [2]. The first typical size (samples
S1-S3): web height H = 152.4 mm, flanges
width B = 41.3mm, steel thickness Tk =
2.0 mm. The second typical size (samples S4—
S6): web height H = 152.4 mm, flanges width
B = 41.3 mm, steel thickness Tk = 1.0 mm.
All six samples were of the length L =
2438 mm.  Before the experiment the
measurements of the main geometrical
parameters were made on each sample in three
positions (beginning, middle, end). The results
of the measurements are presented in Table 1.
According to [5], microscopic analysis of the
metallographic specimen of each sample was
conducted. The thickness of zinc covering as
well as of base metal were defined. As the result
of the experiment, there were graphs, made for
each sample which describe the correlation
between pressure load and sensor reading of the
two motion detecting transducers. These graphs
will be presented along with the results of
computer modeling.

3. COMPUTER MODELLING

In order to display the results of the full-scale
experiment by means of the ANSYS software
[6] we created a series of CAE-models
(Figure 2).
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Figurel. Testing bed scheme: a) top view; b) side-view.
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Figure 2. The overview of the calculating model.
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Table 1. Geometrical parameters of steel studs.

Parameter Sample S1 Sample S2
Beginning Middle End Beginning Middle End
H, mm 152.654 152.883 152.806 153.162 152.806 152.857
BI, mm 41.720 41.605 42.012 41.250 42.520 42.113
B2, mm 41.224 41.948 42.139 41.783 41.694 41.948
Cl, mm 12.891 12.751 14.402 12.459 12.586 11.938
C2, mm 12.370 12.802 12.065 13.170 12.192 13.475
Parameter Sample S3 Sample S4
Beginning Middle End Beginning Middle | End
H, mm 153.886 154.115 153.988 153.695 152.578 152.159
Bl,mm 41.123 41.021 41.326 41.554 41.059 42.824
B2, mm 41.250 41.504 41.478 41.720 42.431 41.935
Cl,mm 13.284 13.030 14.669 12.852 12.560 13.551
C2, mm 13.551 13.716 13.216 13.145 13.551 12.789
Parameter Sample S5 Sample S6
Beginning Middle End Beginning Middle End
H, mm 153.822 152.705 152.171 153.899 152.603 152.438
BI, mm 42.050 41.021 42.901 42.164 41.072 42.824
B2, mm 42.139 42.215 41.745 42.050 41.999 41.707
Cl, mm 12.624 12.306 12.687 12.751 12.306 13.360
C2, mm 12.852 13.526 12.751 13.157 13.500 12.954

The model consists of the test sample, bands
and rigid supports. Shell members SHELL181
with the average size of 3-5 mm were used for
creating the final-element mesh. Beam elements
BEAMI188 were used for creating bands. For
modeling the band attachment in the sample
flanges we prepared holes with the diameter of
4.8 mm which is equal to the self-tapping
screws diameter. Nodes along the circuit holes
joined in the rigid region with “the master”
node, positioned in the center of the hole. The
attachment of beam elements of bands was done
by combination of displacements ((ux, uy, uz)
with the correspondent nodes and the “the
master” node. For the purpose of supporting
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condition and load modeling which are identical
to the full-scale experiment, we used a pair of
contact elements CONTAI177 (end of the
sample) and TARGE170 (face of support plate).
Given that stiffness of rigid supporters
transferring the load is considerably greater than
the stiffness of the sample, the elements
TARGE170 were used in nondeformable
formulation and were guided by “the master”
nodes.

In addition, the use of contact elements allowed
us to consider friction between the sample and
the supporting structures (frictional coefficient
u = 0.25). The load modeling was conducted
by moving the contact elements TARGE170 of
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“the upper” track at the Z-axis toward “the
lower” track. The following boundary
conditions were put: “the master” node of the
contact elements of “the lower” track and the
side nodes of the bands were constrained in wx,
uy, uz; “the master” node of the contact
elements of “the upper” track — ux, wuy. For
accounting steel material nonlinearity we used a
multilinear model with isotropic hardening
(MISO) [7]. The proper diagram was used for
each typical size in accordance with the
experiments on the tensile-testing machine.

One of the disadvantages of the full-scale
experiment isthe absence of measurements of
the initial geometrical imperfections. For their
consideration the use of probabilistic approach
is suggested. This approach entails calculation
of several models with different spread of initial
imperfections. The value of imperfections was
obtained on the basis of normal distribution [§],
derived from the measurement of 88m solid C-
shaped studs. It is anticipated that distribution of
initial imperfections of real samples is in the
diapason of computer modeling. Therefore, the
results of the full-scale experiments are
supposed to be inside the fictitious “corridor”,
created in accordance with the results of
computer modeling.

Implementation of the initial geometrical
imperfections with stochastic nature was done
in the following order. Firstly, the initial local
and general buckling modes were defined on the
basis of the linear buckling analyses (Figure 3).
Figure 4a presents uy flange displacement in the
line 1-2 (Figure 3) in case of local buckling. It is
clear that the shape in question is wavy with a
variable half-wave length. With the purpose to
give this shape stochastic nature it was decided
to set up the peak amplitude for each separate
section (highlighted by a dashed line) between
zero displacement uy. The peak amplitude was
deduced by normal distribution. The parameters
of normal distribution for this type of
imperfection are applied to thickness of steel
D/Tk and described in paper [8]: mean
valueu = 0.26, standard deviation 0 = 0.49.0n
the basis of this distribution 5 variants of the
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peak magnitude amplitude were defined for
each section. Therefore, we prepared 5
calculating models for each typical size of the
stud which are different in their shape and the
value of initial geometrical imperfections. The
variants ANS1-x relate to the first typical size of
the stud with the metal thickness of 2.0 mm;
variants ANS2-x relate to the second typical
size of the stud with the metal thickness of 1.0
mm. The symbol “x” stands for the variant
number of imperfections introduction. The
result of amplitude adjustment with the
consideration of stochastic nature is presented in
Figure 4b.

General 1nitial imperfections were introduced
according to the related buckling mode which is
a curve along the sinusoidal wave in a plane of
lesser stiffness. For each of the 10 variants on
the basis of normal distribution [8] (1 = 2033,
o =3471) we generated a series of values
(L/2)/A, where A is an imperfection value. In
addition to 10 variants described, four models
were prepared. Initial imperfections were
absolutely absent in variants ANS1-6, ANS2-6.
The value of initial imperfections was raised to
the level of standard values in variants ANS1-7,
ANS2-7. In order to instill the model with
stochastic nature, geometrical sizes of the
calculating models were also computed on the
basis of normal distribution.

4. COMPARATIVE ANALYSIS

According to the results of full-scale
experiments and computer modeling, we
obtained correlations between the value of
pressure load and: a) displacement wuz of the
sample end in the position of “the upper” track;
b) displacement uy of “the lower” stud flange
inthe centre of the span. The correlation of
pressure load and displacement uz is presented
in Figure 5 for pictorial comparison. The value
of ultimate compressive force corresponding to
full-scale experiments occurred in the interval,
obtained by computer modeling.

The diapason of the results of the first type of
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the typical size (ANS1-x) was from 67.8 kN to
92.1 kN. The results of full-scale experiments
are presented homogeneously inside the
interval, which indicates that the value of initial
geometrical imperfections in real samples
(S1-S3) varied from minimum to maximum-
allowable. The diapason of the results of the
second type of the typical size (ANS2-x) was
from 24.5 kN to 34.6 kN. Furthermore, the
results of full-scale experiments (S4-S6) are
presented close to the lower limit, which
confirms the fact that the value of initial

imperfections of the samples was close to the
limit value.

According to the results of full-scale experiment
u, and u, correspond to the ultimate bearing
stress and on average 2-4 times exceed similar
meanings, derived by computer modeling.

Nevertheless, the difference in the absolute
values does not exceed 9 mm for the samples of
the first typical size, 3.4 mm - for the samples of
the second typical size.

0.5 1

D\Tk

1.5 2 25

Figure 4. Displacement uy along the line 1-2: a) in original shape;,
b) in adjusted shape with consideration of stochastic nature.
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The results of computer modeling demonstrate
patterns of deformation which are similar to
full-scale experiments. Sample S1 pattern
corresponds to the results of computer modeling
of the variant ANS1-4 (Figure 6) — in both
cases we can observe a considerable curve of
the upper flange in the centre of the second half
of the stud. Sample S3 pattern corresponds to
the results of computer modeling of the variant
ANS1-5— in both cases we can observe a
considerable curve of the upper flange in the
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centre of the first half of the stud.

The ultimate bearing stress values were close:
the measure of inaccuracy between the results
S1 and ANS1-4 — 4.3%, between the results S3
and ANS1-5 — 0.74%.

The identical pattern of deformation is observed
in samples S4-S6— a local curve of the upper
flange on the first half of the stud.

The similar pattern of deformation is observed
in sample ANS2-5.

1 1 J

56

0 2 4 6 8 10 12
Uz, MM
——81 ——82 —— 83 ——ANS1-1 ——ANS1-2 ANS1-3 ——ANS1-4 ——ANS1-5 —— ANS1-6 —— ANS1-7

a)

35

0 I | | J
0 1 2 3 4 5 6

UAN“SAZ-S ——ANS2-4 —— ANS2-5 — ANS2-6 —— ANS2-7
b)
Figure 5. Correlation between compressive force and displacement uz for samples:
a) first typical size; b) second typical size.
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Figure 6. Deformation comparison.
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