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Abstract. Currently, structures made of modern aluminum alloys are increasingly used and widespread in almost
all areas of industrial and construction production, which is a consequence of the unique properties of physico-
mechanical aluminum alloys, which make it possible to create structures of various purposes that are effective in
weight, strength and aesthetic parameters, while having increased corrosion resistance compared to steel struc-
tures. However, the manufacture of structures made of aluminum alloys is a more complex technological process
due to the need to use special aluminum welding methods compared to traditional methods of welding steel
structures. he most common argon arc method and friction welding method with mixing of aluminum alloy
structures are more difficult to implement in the field during installation and assembly of structural elements on a
construction site, and require qualified personnel. For this reason, it is relevant to use other methods of welding
elements of aluminum structures that do not require complex equipment and qualified personnel, similar to clas-
sical electric welding of steel structures, compared with the above more complex methods of welding aluminum
structures. These technologies include modern methods of laser welding and contact capacitor spot welding, the
equipment for which is very compact and mobile and does not require highly qualified personnel as for other
aluminum welding technologies. The current regulatory documentation of the Russian Federation on contact ca-
pacitor spot welding is descriptive and does not allow reliable design and calculation of the strength of joints of
this type, which requires additional experimental and theoretical studies of such joints. Earlier laboratory tests of
samples of aluminum alloy compounds by condenser welding showed in some cases a significant difference be-
tween experimental data and strength calculations according to the normative methodology of compounds of this
type. For this reason, the purpose of this work was to clarify regulatory solutions using numerical FEM modeling
of the operation of experimentally tested 18 connections — nodes of the ceiling suspension of aluminum alloy
sheets AMG2M to threaded rods made of aluminum alloy AMG3. The obtained data were compared with exper-
imental results and previously performed data of normative calculations.
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YUCJEHHOE MOJEJIMPOBAHUE PABOTHI COEJJUHEHU
U3 AJIOMUHUEBBIX CIIVIABOB, BbIIIOJJHEHHBIX
METOJOM KOHTAKTHOM KOHJIEHCATOPHOU CBAPKHA

A.B. Kopzun

HarmonaneHslil nccnenoparensckuil MOCKOBCKHI rocy1apCTBEHHBIN CTPOUTENBHBIN YHUBEpCUTET, I'. Mocksa, POCCHUA

AHHOTanMsl. B HACTOsIIEEe BPeMsi KOHCTPYKIMH M3 COBPEMEHHBIX aTIOMHHHEBBIX CIUIABOB HAXOAAT BCE OOJIb-
I1ee IPUMEHEHHE MTPAKTHUECKH BO BeeX c(epax MPOMBIIIICHHOTO M CTPOUTEIBHOTO MTPOU3BOACTBA, UTO SBIISCT-
Cs1 CIIEICTBUEM YHUKAIIBHBIX (PU3NKO-MEXaHNUECKUX CBOIMCTB aJIOMUHHEBBIX CIIABOB, TO3BOJIIOIINX CO3/IaBaTh
3¢ QeKTUBHBIC IO BECOBBIM, IPOYHOCTHBIM M 3CTETHUECKUM TapaMeTpaM KOHCTPYKIHUH CaMOTO pa3HOOOpa3HOTO
Ha3HA4YEHUsI, 00JIalafoIie PU STOM IMOBBIIICHHOW KOPPO3MOHHON CTOHKOCTBIO MO CPABHEHHIO CO CTAIBHBIMU
KOHCTpYKUUsAMHU. ONHAKO HM3TOTOBICHHE KOHCTPYKIMHM M3 aTIOMHHHMEBBIX CIIJIABOB SIBIAETCS 0OJee CIIOKHBIM
TEXHOJOTUYECKUM TIPOLIECCOM H3-32 HEOOXOIUMOCTH MPHUMEHSTH CIIEHAIbHBIE METObI CBAPKH AIFOMHHUSI 110
CPaBHEHHIO C TPAJWIMOHHBIMH METOJAMH CBapKM CTalbHBIX KOHCTpyKuumi. HamGonee pacrpocTpaHeHHBIE B
HACTOsIIlee BPpeMsl aproHOYTOBOM METOA M METOJ CBapKU TPEHHUEM C MepeMelINBaHNeM KOHCTPYKLUIN U3 allto-
MHUHHEBBIX CIUIABOB 0OJIee CIIOKHO PEallM3yIOTCs B MOJIEBBIX YCIOBHSX IPH MOHTaXE M COOPKE AJIEMEHTOB KOH-
CTPYKILIMH Ha CTPOWUTEIBHOM IIIOIIAAKE, U TPpeOyroT KBaIH(UIIMPOBaHHOTO nepcoHaa. 1o 3Toi mpuunHe sABIIS-
eTcsl aKTYaJIbHBIM HCIOJIb30BaHNE MHBIX METOZOB CBAPKH 3JIEMEHTOB aJlFOMUHHEBBIX KOHCTPYKIHH, HE TpeOyIo-
IIUX CJIOKHOTO 00OpYZOBaHMS M KBATU(QHUIIMPOBAHHOTO MEPCOHATA aHAJTOTUYHO KIACCHYECKON IIEKTPOCBapKe

76 International Journal for Computational Civil and Structural Engineering



Numerical Simulation of the Operation of Aluminum Alloy Joints Made by Contact Capacitor Welding

CTAJIBbHBIX KOHCTPYKIINH, 110 CPABHEHHUIO C BBIIIETIEPEUNCICHHBIME 00JIE€ CIIOKHBIMU METOJAaMHU CBAPKH ATFOMH-
HUEBBIX KOHCTPYKIMH. K JaHHBIM TEXHONOTHSAM CIELyeT OTHECTH COBPEMEHHBIE METOMBI JIA3€PHOM CBapKH H
KOHTAKTHOH KOHACHCATOPHOHM TOYETHOH CBApKH, 000pyI0BaHUE TSI KOTOPOW BEChMa KOMIAKTHO 1 MOOMIIBHO H
He TpeOyeT nmepcoHaa BEICOKOM KBATH(PUKAIIMN KaK JJIs IPYTHX TEXHOIOIHH CBAPKHU altoMHUHMsA. JefcTByomIas
HOpMaTuBHas AoKyMeHTauuss PO 1o KOHTAaKTHON KOHJIEHCATOPHOW TOYEHHOHN CBAPKE HOCUT OIMCATEIIbHBIN Xa-
pakTep, ¥ HE TO3BOJIAET HAJIC)KHO OCYIIECTBIIATH MPOCKTUPOBAHUE M pacyeT MPOYHOCTU COSAMHEHHH TaHHOTO
TUIA, 4TO TPeOyeT JOMOJHHUTENIBHBIX SKCIEPHUMEHTAILHO-TEOPETHYECKUX HCCIIEIOBAHUH TaKMX COEIUHEHHH.
[IpoBeneHHbIe paHee J1a0OPAaTOPHBIC UCTIBITAHKST 00PA3IOB COCAMHEHUIT alIOMUHUEBBIX CIIJIABOB KOHJICHCATOP-
HOW CBapKOW MOKa3adM B pAJE CIy4yaeB CYIIECTBEHHOE pa3iMyhe HKCIEPUMEHTAIBHBIX JAHHBIX C pacueTaMu
MIPOYHOCTH TI0 HOPMATHBHON METOAMKE COSMHEHHH JaHnHOoro Trna. I1o 3Toii mpuynHe 1enpo HacTosIIeH pado-
THI SIBUJIOCH YTOUHEHNE HOPMATUBHBIX PEIICHNI ¢ moMotbio yncieHHoro MKD MonenupoBanus paboThl SKCIe-
PUMEHTAIBHO WCTIBITAHHBIX 18 COEAMHEHWH — Y3JI0B MOTOJOYHOHN ITO/BECKH JIMCTOB AJIOMHHHEBOTO CILIaBa
AMI2M K cTepXHEBBIM Pe3b0OBBIM TATaM M3 almoMuHHEBOro crutaBa AMI'3. TlomydeHHbIe TaHHBIC CpaBHUBA-
JIUCB C DKCIIEPUMEHTAIBHBIMU PE3YIbTaTaAMH U MPOBEJEHHBIX PaHEE JAHHBIMA HOPMATUBHBIX PACYETOB.

KroueBble cjioBa: aIOMUHUEBBIN CIJIaB, TOUCUHAs KOHACHCATOPHAS CBapKa, pacTsDKCHHE, Cpe3, HallPsDKEHHE,
MIPOYHOCTH, pa3pyIIeHHEe, METO/I KOHCUHBIX 2IEMEHTOB

INTRODUCTION

Currently, structures made of modern aluminum
alloys are increasingly used and widespread in
almost all areas of industrial and construction
production. This is a consequence of the unique
properties of physical and mechanical aluminum
alloys, which allow to create effective in weight,
strength and aesthetic parameters of structures
for a variety of purposes with increased
corrosion resistance compared to steel ones.
However, the manufacture of aluminum alloy
structures is a more complex technological
process due to the need to apply special
methods of welding aluminum compared to
traditional welding methods of steel structures.
The most common at present argon-arc method
and friction stir welding methods for aluminum
alloy structures are more difficult to implement
in the field during installation and assembly of
structural elements at the construction site, and
require qualified personnel [1,2,3,4,5,6,7,8].
Because of this, it is relevant to use other
methods of welding elements of aluminum
structures, which do not require complex
equipment and qualified personnel similar to the
classical electric welding of steel structures,
compared to the above mentioned more
complex methods of welding aluminum
structures. These technologies should include
modern methods of laser welding and contact
capacitor spot welding, the equipment for which
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is very compact, mobile and does not require
highly qualified personnel [9,10,11,12,13,14].
The current standards of the Russian Federation
on contact capacitor spot welding (GOST
15878-79) are descriptive in nature and do not
allow reliable design and calculation of the
strength of this type of joints, which requires
additional experimental and theoretical studies
of such joints.

Previous laboratory tests of samples of
aluminum alloy joints performed using
condenser welding have shown in a number of
cases a significant difference between
experimental data and strength calculations
according to the normative methodology for
joints of this type. For this reason, the purpose
of this study was to clarify the normative
solutions by means of numerical FEM
simulation of the experimentally tested 18
assemblies which are the joints of ceiling
suspension of aluminum alloy sheets AMG2M
to threaded tie rods made of aluminum alloy
AMG3. The obtained data were compared with

experimental results and earlier data of
computations. Examples of similar studies in
Russia and abroad are also given in

[15,16,22,23].

The main stages of the study are as follows:

- development of FEM-models of the tested
assemblies based on the data of experimental
studies conducted earlier;
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- numerical modeling of stress-strain state
changes during tensile and shear tests of two
types of assembly specimens;

- comparing the results of numerical modeling
with experimental data and results of
verification  calculations  performed by
normative methods in order to be able to correct
normative calculation methods for the design of
similar assemblies and for the determination of
the values of fracture loads;

- drawing conclusions and recommendations on
the general calculation of assemblies of this type.

RESEARCH METHODS

Laboratory testing of joints

Previously, there were tested two types of
specimens in NIU MGSU which involves joints
of plates with dimensions 100x100 mm made of
3 mm thick sheet metal and parts of rolled
Taurus with dimensions 100%x70x70 mm made
of aluminum alloy AMG2M. Studs with internal
thread M4 made of aluminum alloy AMG3 were
welded to these joints by the method of spot
condenser welding [17].

The number of specimens of each type is 9
pieces, total 18 pieces (Fig. 1).

Figure 1. General view of tensile and shear test
samples

The joints were subjected to tensile tests with a
concentrated force perpendicular to the plane of
the plates (type 1), and shear tests by
concentrated force parallel to the plane of the
plate flange (type 2). The tests were carried out
in a universal testing machine Instron 3382
under static loading (Fig. 2) [18].

Andrey V. Korgin

Figure 2. General view of the tensile and shear
test samples in the testing machine

Joint strength calculations

In the course of earlier studies, the tested as-
semblies were subjected to verification calcula-
tions according to the standard methodology
[17].

Within the framework of the present study, numer-
ical FEM modeling of the tested joints was per-
formed to improve the accuracy of calculations in
comparison with the standard methodology and to
compare the results of numerical analysis with the
results of previously conducted laboratory tests.

RESULTS AND DISCUSSION

Tensile tests

The tensile tests with concentrated tensile force
result in failure of the specimens solely by
welding (Fig.3).

Figure 3. Type of destruction in the welded zone
during tensile tests
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The results of tensile tests are presented in Ta-
ble 1. Evaluation of the mean values of failure
load obtained was made both without rejection
and with rejection of the value for specimen No.
9 due to the deviation from the mean value by
more than 50%.

Table 1. Destructive forces during tensile tests.

Deviation from average
SampleNo Maximal value %
force, kN Before After re-
rejection jection
1 1.68 -19 -17
2 2.32 13 14
3 1.75 -15 -14
4 1.63 21 -20
*5 2.90 41 42
6 241 17 18
7 1.74 -16 -15
8 1.86 -10 -9
*9 0.74 -64 -
Average value before rejection 2.06
Standard deviation 0.608
Coefficient of variation 32%
Average value after rejection 2.04
Standard deviation 0.457
Coefficient of variation 22%

* — samples subjected to rejection.

Shear tests

Similarly, shear tests of specimens show that the
failure of this type of joints also occurred only
by welding (Fig.4).

Figure 4. View of Type 2 samples after the
shear tests

The results of the shear tests of the specimens
are presented in Table 2.

Volume 20, Issue 2, 2024

Table 2. Destructive forces during shear tests.

Deviation from average
Sample | Maximal value %
Ne force, kN Before After
rejection rejection
1 14 26 14
2 -6 4 -6
3 21 -12 21
4 0.5 11 0.5
*5 5 15 5
6 - -72 -
7 0.9 18 0.9
*8 _ _ _
9 7 18 7
Average value before rejection 2.08
Standard deviation 0,608
Coefficient of variation 32%
Average value after rejection 2.29
Standard deviation 0.25
Coefficient of variation 11%

* — samples subjected to rejection.

Verification calculations

Tensile and shear test calculations of the two
types of joints were performed based on the
provisions of SP 128.13330.2016 “Aluminum
structures”.

Dimensions of threaded rod M4 PT according to
DIN EN ISO 13918 (Fig.5) are as follows:
Diameter of the welding zone (D1+0.5 mm)
Dsv=6 mm.

Thread — M4
! I D -5mm;
D1 -5,5mm;
- o D2 - 0,65 mm;
L —30 mm;
L1 -0,55 mm;
e -4 L2 29,3 mm;
A —1,4mm;
. B —1,5mm;
Figure 5 a -3°

Figure 5. Geometric dimensions of the welded
studs. Diameter of welding zone (D;+0,5 mm)
Dw=6 mm. The area of the welding zone
A=28.3 mm’.

Strength properties of the aluminum alloys used
in the tested assemblies are given in accordance
with the current standards (GOST 21631-2019
“Sheets of aluminum and aluminum alloys”, SP
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128 and materials [19] with rounding to 5 MPa
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Table 5. Shear stresses during cutting

(Table 3)). Sample P SP « (Pa) 5t 3t
Ne &N) | (%) (%) | (%)
Table 3. Strength parameters of aluminum alloys 1 2,61 | 14 | 922E+07 | 28 54
Tension[MPa] Shear (cpe3) [MPa] 2 2,16 -6 7,63E+07 6 27
Node Yield | Maximum | Yield | Maximum
element | strength | resistance | strength | resistance 3 1,82 | -21 | 6,43E+07 | -11 7
00,2 Cs To2 Ts 4 2,3 0 8,13E+07 13 35
Plate
AMI2M 70 125 55 90 5 239 | 4 | 845E+07 | 17 41
Threaded 6 2,31 1 8,16E+07 | 13 36
stud 100 165 70 115
AMTI3 7 2,44 7 8,62E+07 | 20 44
Average | 2,29 0 8,09E+07 | 12 35
CALCULATION OF TENSILE Tangential stress in the weld zone for the mean
STRENGTH

Experimental values of normal tensile stresses
are presented in Table 4.

Table 4. Normal tensile stresses during tension

Sample P oP oo dos
Yo || e | O | o) | o)
1 1,68 -17 | 5,94E+07 | -17 -26

2 2,32 14 8,20E+07 14 2
3 1,75 -14 | 6,18E+07 | -14 -23
4 1,63 -20 | 5,76E+07 | -20 -28

5 2,90 42 1,02E+08 42 28

6 2,41 18 | 8,52E+07 | 18 6
7 1,74 | -15 | 6,15E+07 | -15 23
8 1,86 -9 | 657E+07 | -9 -18
Average | 2,04 0 7,20E+07 0 -10

Stress in the weld zone for the mean value of
fracture force P=2.04 kN:

_P_204-10° 05 =72 MPa <
T4 283-106 = ¢
op = 80 MPa (6 = —10%)

Fracture stress range.
0=68,5+122 MPa (deviation from oB -+28%)

CALCULATION FOR SHEAR

Experimental values of shear tangent stresses
are given in Table 5.
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value of fracture force P=2.29 kN:

_P_ 22910 oo 105 = 80,9 MPa >
9TAT 283106 O - enoard

og = 55 MPa (6 = 35%)

Fracture stress range:.
1=64,3+92,2 MPa (deviation from t8 7+54%)/

COMPUTER SIMULATION

Strength and deformation properties accepted
in the modeling

Strength properties of aluminum alloys are pre-
sented in Table 3.

Deformation properties of materials are given in
accordance with SP 128 and SP 16.13330.2020
“Steel structures”:

for aluminum alloys:

modulus of elasticity — £=0,7-10° MPa;
Poisson's ratio — y=0,3;

for steel:

modulus of elasticity — E=2,1-10° MPa;
Poisson's ratio —y=0,27.

FEM modeling was conducted in the ANSYS
software [20] within the nonlinear elastic-plastic
formulation using conventional bilinear elastic-
plastic deformation diagrams of the aluminum
alloys with regard to [21] (Fig. 6).
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Figure 6. Conditional bilinear diagrams defor-
mations

During modeling, the loading was carried out in
stages up to the maximum value of the loading
force of 3000 N, which exceeds the values of
the failure force achieved during the ex-
periment with a reserve.

Finite elements used

During modeling the SOLID 185 finite elements
were used, which represents a three-dimensional
three-dimensional cone element with 8 nodes,
three degrees of freedom in each (Fig.7).

Figure 7. Solid 185 element

The numerical model of the tensile specimen is
presented in Fig. 8.

The numerical model of the specimen tested in
tension is a spatial model consisting of 4 zones:
a stud, a plate, a welded zone made of the alu-
minum alloys used, and a steel base plate with a
circular outline. In accordance with the test de-
sign, support was applied along the inner con-
tour of the steel backing plate. The load was ap-
plied at the level of the top section of the stud.

Volume 20, Issue 2, 2024

a)

Figure 8. Numerical model of the sample
a) front view; b) top view

Based on the symmetry of the model geometry
and the applied load, the calculation was per-
formed for Y4 of the model with the correspond-
ing conditions of fixation of the sides of 4 of
the model along the symmetry axes (Fig. 8).

Results of tensile modeling of type 1 specimen.
Isopoles of vertical displacements [mm] are pre-
sented in Fig. 9.

The graph of displacements of the center point
of the stud surface is shown in Fig.10.

7

037766
042507

028282
02354

018798
. 014056

009312
004572

-.169E-03
033024

Figure 9. Isofields of vertical movements of the
model at a load of 1800 N



0,5

Y S S Ny N — =
035 /

: 7

/

/=

o
[
W

™

Displacement mm

0,15
0 7

T
i
630 2040 2900

1500 2000 2500 LoadN

0 500 1000

Figure 10. Movements of the upper point of the
stud at minimum (1630 N), average (2040 N),
and maximum (2900 N) load [mm]

Strains [u.r.d.] and normal stresses [MPa]
The isopoles of strain [u.r.d.] and normal
stress[MPa] are shown in Fig. 11:

92.70€9
4 1

1.46194 31.8769 123.122
16.6694 47.084 4 1

Figure 11. Isofields of a) — deformations,
b) — stresses at a load of 1800 N

€2.2919
a 77.499 07.91

Fig. 12 shows the graphs of strain in the joint
elements and their maximum values at charac-
teristic levels of axial load.

Strain levels in joint elements at recorded values
of failure load:

— 0.005 — at minimum load value — 1.63 kN,

— 0.01 —atan average load —2.04 kN,

— 0.042 — at maximum load value — 2.9 kN.
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Relation of maximum values of normal stresses
o in the elements of the node of type 1 to the
load is presented in Fig. 13.
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0,01 =4 !
0o A e :zé—}/ !
1
0 ‘ 1630 2040 2900
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Figure 12. Dependence of the maximum values
of relative deformation in the elements of the
type 1 node on the load
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Figure 13. Dependence of the maximum values
of normal stresses in the elements of the type 1
node on the load

There is a good correlation between the calcu-
lated values of normal stresses in the welding
zone and the strength parameters of this zone:

at the reaching of the yielding point

6=52 MPa (G0.2=55 MPa);

at the value of failure load

2.04 kN — 6=78 MPa (c8=80 MPa).

Numerical model of type 2 shear specimen
(Fig. 14)

The numerical model of the specimen being
tested for shear is a spatial model fixed along
the contour and loaded with a concentrated load
at a node on the side surface of the stud by
means of rigid inserts (MPC).
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Figure 16. Horizontal movement of the upper
point of the stud from the load

Strains y [u.r.d] and tangential stresses t
[MPa]

The distribution of shear strains and stresses is
shown in Figure 17.

Figure 14. Numerical model of the type 2 sam-
ple on a slice: a) top view; b) side view

Based on the symmetry of the specimen geome-
try and the applied load in one plane, the calcu-
lation was performed for !4 of the model with
symmetrical fixation along the symmetry axis.
The force is applied in the horizontal direction
along the symmetry axis.

-.116443 -.089785 -.063128 -.036471 -.009814
a 10311 076457 ~oass 023143 00351

Results of shear modeling of type 2 specimen
Horizontal displacements [mm] are shown in
Fig. 15:

~68.8809 ~40.9566 -13.0322 12.8921 42.8164
-54.9187 -26.9944 92991 28.8542 56.7785

Figure 17. Isofields of a) deformations and
b) stresses at a load of 2000 N

014 T

5 =
5012 +

Plate

0.1 _g Welding -
0,08

Relative deformation

| EEEEREE aaees— |
~.015266 ~.011862 ~.008458 =.005054 ~.00165 0.06 e e P o e P
-.013564 -.01016 -.006756 -.003352 .517E-04 0,05
f
0,04 1
1

Figure 15. Isofields of horizontal model dis- 008 _ !

placements at a load of 1000 N . =

1830 2290261
0 500 1000 1500 2000 2500  LoadN
Figure 18. The dependence of the relative de-

formation in the elements of the type 2 node on

the load
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The relationship between the maximum values
of tangential stresses t in the elements of the
node of type 2 and the load is shown in Fig. 19.
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Figure 19. Dependence of the maximum tangen-
tial stresses in the elements of the type 2 node

on the load

There is a satisfactory correlation of calculated
values of tangential stresses T in the welding
zone with strength parameters of this zone in the
range of experimental failure loads:

=37 MPa for Pmin=1,82 kN;

1=46 MPa for Pcp=2,29 kN; (6=16%);

1=56 MPa for Pnax=2,61 kN; (t8=55 MPa),

CONCLUSIONS AND
RECOMMENDATIONS BASED ON
COMPARISON OF EXPERIMENTAL
RESULTS, VERIFICATION
CALCULATIONS AND FEM MODELING

1. Test results

1.1. According to the test results, all specimens
of types 1 and 2 were failed along the welded
zone.

1.2. The tensile failure force of the joint of type
1 lies within the range of 1.68+2.9 kN, the mean
value is 2.04 kN, the deviation from the mean
value is within the range of -20++42%.

1.3. The failure force of the joint of type 2 at
shear lies within the limits of 1.68+2.9 kN,
the mean value is 2.29 kN, the deviation from
the mean value is within the limits of -
11++20%.

2. Results of verification calculations

2.1. The discrepancy between the results of the
calculation of tensile strength and the experi-
ment is satisfactory. It lies within +28%, from

Andrey V. Korgin

59.4 MPa to 102 MPa, the mean value is 72
MPa. The average deviation from the tensile
strength value of 80 MPa is 6 = -10%.

2.2. The discrepancy between the results of the
calculation for shear and the experiment is more
significant than for tensile. It lies within the
range of 7+54%, from 64.3 MPa to 92.2 MPa.
The mean value is 80.9 MPa. The average devi-
ation from the value of shear time resistance 55
MPa is 6=35%.

2.3. The significantly greater difference be-
tween the results of calculations for shear and
experiment than for tension is a consequence
of the more complex actual stress state when
the joint is loaded by the shear force caused
by the design of the joint than for pure shear.
For this reason, the shear performance of the
type 2 joint, as well as the tensile performance
of the type 1 joint, was analyzed using FEM
modeling.

3. Results of FEM modeling

3.1. In tensile testing of type 1 assemblies, there
is a good correlation between the calculated
values of normal stresses in the weld zone at
fracture and the strength parameters of the zone,
with the mean value of the failure load kN -
0=78 MPa at o8 =80 MPa, 6=4%, (with manual
calculation 0=10%).

3.2. In shear tests of type 2 assemblies, there is
a satisfactory correlation between the calculated
values of tangential stresses in the weld zone at
fracture and the strength parameters of the zone
at an mean value of the failure load of 2.29 kN -
1=46 MPa at 18 =55 MPa, 6=16% (with manual
calculation 0=35%).

3.3. FEM-modeling provides a significantly bet-
ter match between the results of calculations and
experimental results than manual calculations
due to more efficient analysis of the actual
stress-strain state of the assemblies.

3.4. The design of such nodal joints of alumi-
num alloys, planned to be performed by means
of contact welding, should be carried out on the
basis of the results of computer simulation of
the joint performance of the constituent ele-
ments of the joints under the action of load.
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