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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: beaml.axs

Thema Supported bar with concentrated loads.
Analysis Linear analysis.
Type
Geometry
P, J 015
025
P, 1 L=10m
0,40
Pald....
020
Side view
Section Area = 100,0 cm? (10x10)
Loads Axial direction forces P1=-200 kN, P2= 100 kN, P3=-40 kN
Boundary Fix ends, at R1 and Rs.
Conditions
Material E = 20000 kN / cm?
Properties | v=0,3
Element Beam element
types
Mesh A4
5 L ]
)
3
X ]
14
AN
Target R1, Rs support forces
Results
Theory AxisVM %
R [kN] -22,00 -22,00 0,00
R5 [kN] 118,00 118,00 0,00
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: beam2.axs

Thema Thermally loaded bar structure.
Analysis Linear analysis.
Type
Geometry ! 1,0m | 10m |
T
& E & L=2,0m
z L
X T """
P E-I=w
Side view

Sections:

Steel:  As =7 x 10* m? (D=2cm)

Copper: Ac = T x 104 m? (D=2cm)
Loads P =-12 kN (Point load)

Temperature rise of 10 °C in the structure after assembly.
Boundary The upper end of bars are fixed.
Conditions | Nodal DOF: Frame X-Z plane
Material Steel: Es=20700kN/cm?,v =03, 0s=1,2x 105 °C1
Properties

Copper: Ec = 11040 kN /cm2,v =0,3, Oc = 1,7 x 105 °C1
Element Beam element
types
Target Smax in the three bars.
Results

Theory AxisVM %
Steel S;,.x[MPa] 23,824 23,848 0,10
Cooper S, [MPa] 7,185 7,199 0,19
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: beam3.axs

Thema Continously supported beam with point loads.
Analysis Linear analysis.
Type
Geometry
Side view
(Section width = 1,00 m, height: = 0,30 m, heightz = 0,60 m)

Loads P1=-300 kN, P2=-1250 kN, P3=-800 kN, P4= -450 kN
Boundary Elastic supported.
Conditions | From A to D is Kz = 25000 kN/m/m.

From D to F is Kz = 15000 kN/m/m.

Nodal DOF: Frame X-Z plane
Material E = 3000 kN/cm?
Properties | v=0,3
Element Rib element: Three node beam element. Shear deformation is taken into account.
types
Target ez, My, Vz, Rz
Results

Results

Sog

Diagram e;

3307

£315

Diagram My
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1873

7

i
h

6023

6472

Diagram V:

3349

465,1

2675

-1825

1154.07%&

Ty

Diagram R;

Reference AxisVM e [%]

ea[m] 0,0060 0,0062 3,33
eg[m] 0,0090 0,0088 -2,22
ec[m] 0,0140 0,0138 -1,43
ep [m] 0,0150 0,0155 3,33
eg[m] 0,0150 0,0150 0,00
er[m] 0,0130 0,0134 3,08
Reference AxisVM e [%]

Ma [KNm] 0.0 0.2 0.00
Mg [KNm] 88.5 87.9 -0.68
M¢ [KNm] 636.2 631.5 -0.74
Mp [KNm] 332.8 330.3 -0.75
Mg [KNm] 164.2 163.5 -0.43
Mg [KNm] 0.0 04 0.00

-300.78
o
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Results

Reference AxisVM e [%]

VA [KN] 0.00 0.09 0.00
Vi [KN] 112.10 113.09 0.88
Ve [KN] 646.80 647.15 0.05
Vp [KN] 335.00 334.86 -0.04
Ve [KN] 267.80 267.48 -0.12
Ve [KN] 0.00 -0.05 0.00
Reference AxisVM e [%]

R, [KN/m?] 145.7 154.0 5.70
Rg [KN/m?] 219.5 219.5 0.00
Rc [KN/m?] 343.8 346.0 0.64
Rp [KN/m?] 386.9 387.8 0.23
Re [KN/m?] 224.5 2247 0.09
Re [KN/m?] 201.2 200.8 -0.20
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: beam4.axs

Thema External prestressed beam.
Analysis Linear analysis.
Type
Geometry
p=-50 kN/m
. 1l _ZE'?_ [0’6 m
i s | ittt
i . Length change . i
© 20m 4,0m . 20m
Side view
Loads p = -50 kN /m distributed load
Length change = -6,52E-3 at beam 5-6
Boundary eY=eZ==0atnode 1
Conditions | eX=eY =eZ =0 at node 4
Material E=2,1E11 N/ m?
Properties | Beam 1-5, 5-6, 6-4 A = 4,5E-3 m?1,= 0,2E-5 m*
Truss 2-5, 3-6 A = 3,48E-3 m?I.= 0,2E-5 m*
Beam 1-4 A= 1,516E-2 m?1,= 2,174E-4 m*
Mesh Beam 1-4: division into N segment: N = 12
1 2 3 4
5 6
Element Rib element: Three node beam element, 1-5, 5-6, 6-4, 1-4 (shear deformation is taken into
types account)
Truss element 2-5, 3-6
Target Nx at beam 1-4
Mymax at beam 2-3
ez at node 2
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Results

2,000 4,000 2,000
8,000
Diagram e;
ROBOT V6® AxisVM %
N, [KN] 584.56 584.81 0.04
M, [KNm] 49.26 49.82 1.10
e, [mm] -0.5421 -0.5469 0.89
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: planel.axs

Thema Periodically supported infinite membrane wall with constant distributed load.
Analysis Linear analysis.
Type
Geometry [
R
[
i 2 : I
. 2m

| 4] o

[ 04m

| -

; 2m ! 2m ! 2m

Side view
(thickness = 20,0 cm)
Loads p=200KkN/m
Boundary vertical support at every 4,0 m support length is 0,4 m (Rz = 1E+3)
Conditions | Symmetry edges — Nodal DOF: (CCfC CC)
Material E =880 kN / cm?
Properties | v =0,16
Element Parabolic quadrilateral membrane (plane stress)
types
Mesh DA
T TTT

Target Sxx at 1-10 nodes (1-5 at middle, 6-10 at support)
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Results

Node | Analytical [kN/cm?] | AxisVM [kN/cm?] %
1 0,1313 0,1310 -0,23
2 0,0399 0,0395 -1,00
3 -0,0093 -0,0095 2,15
4 -0,0412 -0,0413 0,24
5 -0,1073 -0,1070 -0,28
6 -0,9317 -0,9166 -1,62
7 0,0401 0,0426 6,23
8 0,0465 0,0469 0,86
9 0,0538 0,0537 -0,19
10 0,1249 0,1245 -0,32
Reference:

Dr. Bélcskey Elemér — Dr. Orosz Arpad:
Vasbeton szerkezetek Faltarték, Lemezek, Tarolok
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: plane2.axs

Thema Clamped beam examination with plane stress elements.
Analysis Linear analysis.
Type
Geometry
p=-25 KN/m
A — 4 B
0,375 m 5,625 m |
| 6,0m |
Side view

Loads p =-25 kN/m
Boundary Both ends built-in. Line support component stiffness: 1E+10.
Conditions | Symmetry edge — Nodal DOF: (CCfC C Q)
Material E =880 kN /cm?
Properties | v=0
Element Parabolic quadrilateral membrane (plane stress)
types
Mesh

0,375
0

L |
eage

-

3,000 0,250

Side view

0,500
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Target

Txy, max at section C

Results

3,000

Diagram Txy

786,77

T

Diagram Txy at section C
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V =65,625 kN (from beam theory)
S, =0,0078125 m®
b=0,25 m

I, =0,00260416 m*

V.S, 65625-0,0078125
¥ b, 0,25-0,00260416

T =787,5 kN/m?

AxisVM result 7, = 786,77 kN / m?

Difference = -0,10 %

AXisVM result v :any =65,63 kN

Difference = 0,008 %
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: basaglia.axs

Thema Spatial frame structure from Basaglia et al.(7 DOF frame)
Analysis Linear analysis.

Type

Geometry

Flange
Continuity

Joint

(cm)

Spatial frame loading and support conditions (Basaglia et al. 2012)

Loads P=1kN

Boundary Column bases are fixed (i), the column-to-beam joints cannot move along X and Z (ii), and
Conditions | the displacement along X of the transverse beam midspan cross-section is also prevented
(ii). Three types of warping continuity are analyzed at the joints, like: box-stiffened,
diagonal-stiffened, diagonal/box-stiffened.

Material E = 21000 kN / cm?

Properties | v=0

Element 14 DOF warping beam element.
types

Target Bimoments at joints.

Results Lo d

E(P) : 1,36E-5
E(W) : 1,36E-5
E(ER)  :8,57E-10

6,051

Komp. : B [kNem?2]
Max : 6,051

L . “W‘ %W% M’ S

5,022

Diagonal and box Box stiffened Diagonal stiffened
stiffened (rigid) joint (inverse) joint (direct) joint

AxisVM bimoment diagrams [kNcm?]

a DIAGONAL / BOX DIAGOMNAL
STIFFENED JOINT i A STIFFENED JOINT
A

Basaglia et al. bimoment diagrams [kNcm?]
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Cross Basaglia et al. [kNcm?] AxisVM [kNcm?] A [%]

section | Rigid | Inverse | Direct | Rigid | Inverse | Direct | Rigid | Inverse | Direct
AC 0 1.038 -1.03 0 1.03 -1.03 0 0 0
BC 0 -3.07 3.07 0 -3.02 3.02 0 1.6 1.6
BB 6.14 3.07 3.07 6.05 3.02 3.02 15 1.6 1.6
CB -6.14 | -5.11 -5.11 | -6.05 | -5.02 -5.02 1.6 1.8 1.8
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: platel.axs

Thema Clamped thin square plate.
Analysis Linear analysis.
Type
Geometry
1 |
A | &
-—
£
o
<
-_— h \ TTTTTT
| 4,0m |
Top view
(thickness = 5,0 cm)
Loads P =-10 kN (at the middle of the plate)
Boundary eX=eY =ezZ=fiX=fiY =fiZ=0 along all edges
Conditions | Nodal DOF: Plate in X-Y plane
Material E = 20000 kN / cm?
Properties | v=0,3
Element Plate element (Parabolic quadrilateral, heterosis type)
types
Mesh
! :
. 4,000
L.
Target Displacement of middle of the plate
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Results

- 2008 .
e e 3 0,01 -
a0z 0.022 001 -
) = 0024
AL oo e . 0085 20
a4 1 203 -
pary 2,08 ./ 008 o .
213 N Lo .
D028 P4 0.081 0. ) 087 019 -
g 3 e 2,08 08
0028 0087 Y pam 0,187 Dies . 0 7 oom -
0188 3 S D043 0,00
2,004 2087 RN e amT - 158 ;a0 .
~ .18 0237 / o S, o
£ aps T b0 PN ./ waEr e 1 2o .
0= 0085 F - o287 037 O mt S - ¢ omz2
0012 -2 0158 0087 0,125 g e
- - . o - 4 3 ST e
0,008 0043 D4B - . ) % 3
Q02 ¢ 0,084 . " £9.307 0237 /D158 7 0081 204
0001 . 2187 . . { : - A
L 0383 .
- 0,008 i 0,125 o383 oy 0287 OB DIET 7 go0e S
- 2 2,08 0 58T i : ,
e 215 . - 2168, 008 .
00 081 e 0383 paar 108, 4 2028
- 2 0,377 : P Lt
oo 0 158008 oy
0028 >
h ~ oo 7
0,0 -

Displacements

Mode | Mesh | Book' | Timoshenko? | AxisvM | piff' (%] |Diff* [%]

1 2x2 0,402 0,420 4,48 | 10,53

4x4 0,416 0,369 -11,30 | -2,89

8x8 0,394 0,38 0,381 -3,30 [ 0,26

12x12 | 0,387 0,383 -1,03 | 0,79

alh|wN

16x16 | 0,385 0,383 -0,52 | 0,79

References:

1.) The Finite Element Method (Fourth Edition) Volume 2.

/0.C. Zienkiewicz and R.L. Taylor/ McGraw-Hill Book Company 1991 London

2.) Result of analytical solution of Timoshenko

Displacements

Convergency

15-00

10,00

5,00

0,00

= u 0 Diff1 [%]

-5,00

410,00

-15,00

\_/

Mesh density
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: plate2.axs

Thema Plate with fixed support and constant distributed load.
Analysis Linear analysis.
Type
Geometry p=5,0 kNim?
(I S S S
1 7
A | &
—
t
Z £
=3 o
{ <
- . , T
§ 8,0m |
Top view
(thickness = 15,0 cm)
Loads P=-5kN/m?
Boundary eX=eY =ezZ=fiX=f1iY =fiZ=0 along all edges
Conditions | Nodal DOF: Plate in X-Y plane
Material E =990 kN/cm?
Properties | v=0,16
Element Parabolic triangle plate element
types
Mesh
8m
£
L.
Target Maximal eZ (found at Nodel) and maximal mx (found at Node?2)
Results

Component Nastran® AxisVM %
eZ,max [mm] -1,613 -1,595 -1,12
mx,max [kNm/m] 3,060 3,060 0,00
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: plate3.axs

types

Thema Annular plate.
Analysis Linear analysis.
Type
Geometry
Top view
(thickness = 22,0 cm)
Loads Edge load: Q = 100 KN / m
Distributed load: g = 100 kN / m?
Boundary Nodal DOF: Plate in X-Y plane
Conditions Df\
@ FJ + L‘q +
" 3,000 - 1 ,DDD‘;,
! © afoo ‘
I — [ 11l ]
] [
M i—g
S O S
Ee R N S N A
i S
E 1
Material E =880 kN / cm?
Properties | v=0,3
Element Plate element (parabolic quadrilateral, heterosis type)
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Reference:

S. Timoshenko and S. Woinowsky-Krieger: Theory of Plates And Shells

Mesh
C 1,
y
L.
Target Smax, €max
Results
Theory AxisVM
Model Smax Smax %
[kN/cm?] [kN/cm?]
a.) 2,82 2,82 0,00
b.) 6,88 6,85 -0,44
c.) 14,22 14,29 0,49
d.) 1,33 1,33 0,00
e.) 2,35 2,25 -4,26
f.) 9,88 9,87 -0,10
g.) 4,79 4,78 -0,21
h.) 7,86 7,85 -0,13
Theory AXxisVM
Model Emax Emax %
[mm] [mm]
a.) 77,68 76,82 -1,11
b.) 226,76 223,27 -1,54
c.) 355,17 355,37 0,06
d.) 23,28 23,36 0,34
e.) 44,26 44,56 0,68
f.) 123,19 123,38 0,15
g.) 112,14 112,93 0,70
h.) 126,83 126,95 0,09
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: plated.axs

Thema All edges simply supported plate with partial distributed load.
Analysis Linear analysis.
Type
Geometry

£

Q

S

Top view
(thickness = 22,0 cm)
Loads Distributed load: g = -10 kN / m? (middle of the plate at 2,0 x 2,0 m area)
Boundary a.) eX = eY = eZ =0 along all edges (soft support)
Conditions | b.) eX =eY = eZ = 0 along all edges ¢ = 0 perpendicular the edges (hard support)
Nodal DOF: Plate in X-Y plane
Material E =880 kN / cm?
Properties | v =0,3
Element Plate element (Heterosis type)
types
Mesh
Y . 5,000
L,
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Target My, max, My, max
Results a.)
Moment Theory AxisVM %
M. max [KNm/m] 7,24 7,34 1,38
My, max [KNmM/m] 5,32 5,39 1,32
b.)
Moment Theory AxisVM %
My max [KNM/m] 7,24 7,28 0,55
My max [KNmM/m] 5,32 5,35 0,56

Reference:

S. Timoshenko and S. Woinowsky-Krieger: Theory of Plates And Shells
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: plate5.axs

Thema Clamped plate with linear distributed load.
Analysis Linear analysis.
Type
Geometry p l
1 ¥
A | ¢
—
£
Q
S
-_— \ e
| 10,0 m |
Top view
(thickness = 22,0 cm)
Loads Distributed load: g = -10 kN / m?
Boundary eX=eY =ezZ=fiX=fiy=fiZ = 0 along all edges
Conditions | Nodal DOF: Plate in X-Y plane
Material E =880 kN /cm?
Properties | v=0,3
Element Plate element (Heterosis type)
types
Mesh

e

00 20 N 0 R R A
= :
10000 - : '

H
B B
H

HHH
RERAxEE
RERARE
H
HHET
REREES:
e

R S SEEEREEREEE rrTr
e H o H

=

= T

& Hefs
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Target My, My
Results
Results Theory AxisVM %
my 1 [KNm/m] 11,50 11,48 -0,17
m, 4 [KNm/m] 11,50 11,48 -0,17
m, o [KNm/m] 33,40 33,23 -0,51
m, 3 [KNm/m] 17,90 17,83 -0,39
m, 4 [KNm/m] 25,70 25,53 -0,66
Reference:

S. Timoshenko and S. Woinowsky-Krieger: Theory of Plates And Shells
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Hemisphere (Axonometric view)

A axisvm Verification Examples
Software Release Number: X7rla

Date: 06. 02. 2023.

Tested by: InterCAD
File name: hemisphere.axs
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Boundary eX=eY=ez=fiX=fiy=fiz=0atC
Conditions | Symmetry in X-Z plane on A-C edge
Symmetry in Y-Z plane on B-C edge

Material E = 6825 kN / cm?

Properties | v=0,3

Element Shell element

types 1.) guadrilateral parabolic
2.) triangle parabolic

Target exat point A

Results

SRR

I
1
]

NS
N
i,

I
L]

JANAVAY;
JENANLY,
JRNANA;
JENANANAN

ex[m] e [%]

Theory 0.185
AxisVM quadrilateral 0.185 0.00
AxisVM triangle 0.182 -1.62
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Software Release Number: X7r2a
Date: 26. 05. 2023.

Tested by: InterCAD

File name: soill.axs

Thema Strip loading on a semi-infinite elastic medium
Analysis Linear analysis.
Type
Geometry
= S

The model has a width of 50 m and a height of 25 m
Loads Distributed load (P) = 1 MPa

Load width (b) =2 m
Boundary eX = 0 at two sides
Conditions | eY =0 at two sides

eX =eY =eZ =0 at the bottom
Material Compression modulus (Es) = 20000 MPa
Properties | Poisson's ratio (v) = 0.2
Element A mesh of 10200 hexahedron elements was used.
types
Target Szz soil stress is selected for comparison.
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Results

S,.[kN/m2]

Depth [m] [AxisVM [kN/m2] |Theory [kN/m2] [%]
0 1007.08 1000.00 0.71
0.49 978.57 961.49 1.78
0.98 830.11 824.68 0.66
1.47 673.72 676.36 0.39
1.96 554.77 558.06 0.59
2.45 466.92 469.44 0.54
2.94 401.07 402.81 0.43
4.41 278.96 279.26 0.11
5.88 212.95 212.47 0.23
8.33 152.98 151.40 1.04
9.8 131.33 129.03 1.78
1200,00
—@— Theory [kN/m2]
1000,00 Q=
\ AxisVM [kN/m2]
800,00 |
600,00 N\
400,00 e
200,00
0,00

4

6
Depth[m]

10
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Software Release Number: X7r2a
Date: 26. 05. 2023.

Tested by: InterCAD

File name: soil2.axs

Thema Circular loading on a semi-infinite elastic medium
Analysis Linear analysis.
Type
Geometry
Loads PZ=-100 kN/m? distributed load in the center distributed on a circular area (R=1m).
Boundary eX =0 at two sides
Conditions | eY =0 at two sides
eX =eY =eZ =0 at the bottom
Material Compression modulus (Es) = 30 MPa
Properties | Poisson's ratio (v) = 0.2
Element A mesh of 30008 wedge elements with average size of 0.5 m was used.
types
Target Szz soil stress is selected for comparison.
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z-depth[m]

36
Results
X
[kNS;ﬁZ]
RN
[
-8.79
= -13.71
==
-28.49
-33.42
-38.35
-43.27
-48.20
-53.13
-58.05
-62.98
.
. -77.76
. -82.68
. -87.61
. -892.54
-897.46
,/ -102.39
22
Depth [m]| AxisVM [kN/m2] | Theory [kN/m2] [%]
0.48 95.18 91.73 3.76
0.97 67.19 66.35 1.26
1.45 43.51 44.14 1.42
1.94 29.37 29.86 1.66
2.42 20.82 21.06 1.14
2.90 15.43 15.47 0.27
3.87 9.49 9.24 2.75
4.84 6.60 6.08 8.55
6.77 4.25 3.18 33.56
9.68 3.35 1.58 111.93
100,00
90,00
—@— Theory [kN/m2]
80,00
—@— AxisVM [kN/m2]
70,00
60,00
50,00
540,00
=2
ﬁzao,oo
wm
20,00
10,00
0,00
1,00 2,00 3,00 4,00 5,00 6,00 7,00 800 9,00 10,00
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Software Release Number: X7r2a
Date: 26. 05. 2023.

Tested by: InterCAD

File name: soil3.axs

Thema Rectangular loading on a semi-infinite elastic medium
Analysis Linear analysis.
Type
Geometry
Loads PZ=-150 kN/m? distributed load.
Boundary eX =0 at two sides
Conditions | eY =0 at two sides
eX =eY =eZ =0 at the bottom
Material Compression modulus (Es) = 30 MPa
Properties | Poisson's ratio (v) = 0.1
Element A mesh of 22714 hexahedron elements with average size of 0.5 m was used.
types
Target Szz soil stress below the corner is selected for comparison.
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Results

x
Szz
[kN/m?]

0.53
-11.12
-22.76
-34.41
-46.06
-57.71
-69.35
-81.00
-92.65

-104.30
-115.94
-127.59
-139.24
-150.89

NEEE

EI SHEEE

Depth [m] | AxisVM [kN/m2] [ Theory [kN/m2] [%]
0.49 36.91 37.27 0.97
0.98 36.03 35.97 0.18
1.46 33.55 33.47 0.22
1.95 30.36 30.32 0.14
2.44 27.03 27.01 0.08
2.93 23.88 23.86 0.09
4.39 16.37 16.29 0.49
6.34 10.40 10.16 2.41
8.78 6.64 6.13 8.35
10.24 5.41 4.72 14.56
40,00
[ § —@— Theory [kN/m2]
35,00 M\\ AxisVM [kN/m2]
30,00 h
25,00
= 20,00
£
_ziN 15,00 \
v 10,00
5,00 \'\
0,00
0,00 2,00 4,00 6,00 8,00 10,00 12,00

z-depth[m]
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Software Release Number: X7r2a
Date: 26. 05. 2023.

Tested by: InterCAD

File name: soil4.axs

Thema Rigid foundation on linear elastic soil
Analysis Linear analysis.

Type

Geometry

2.000

Pz=-7.62kN/m2

4000

Loads PZ=-7.62 kN/m?2 distributed load.

Boundary eX =0 at two sides
Conditions | eY = 0 at two sides
eX =eY =eZ = 0 at the bottom

Material Compression modulus (Es) = 1.33 MPa
Properties | Poisson's ratio (v) = 0.33

Element A mesh of 10846 wedge elements with average size of 0.25 m was used.
types

Target The vertical stress distribution under the footing.

Results

4000
BERERRE!
IDRERRE

[kN/m2]

NEEE

E\\IIIII

-10.85
1271
1458
-16.44
-18.31
-20.18
22.04
2391
2578

035
-1.52
-2.38
-5.25
711
-8.98
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0,00

-2,00

-4,00

oz[kN/m?2]
G
8

-8,00

-10,00

-12,00

x[m] AxisVM [kN/m2] | Theory [kN/m2] [%]
0 -4.94 -4.85 1.83
0.1 -4.96 -4.88 1.73
0.2 -5.03 -4.95 1.59
0.3 -5.14 -5.09 1.08
0.4 -5.31 -5.29 0.32
0.5 -5.57 -5.60 0.56
0.6 -5.95 -6.06 1.88
0.7 -6.58 -6.79 3.13
0.8 -7.69 -8.09 4.89
0.9 -10.66 -11.13 4.21
x[m]
0,2 0,4 0,6 0,8

Theory [kN/m2]
AxisVM [kN/m2]




A axisvm Verification Examples

41

Software Release Number: X7r2a
Date: 26. 05. 2023.

Tested by: InterCAD

File name: soil5.axs

Thema Circular foundation on linear elastic soil
Analysis Linear analysis.
Type
Geometry
Loads PZ=-263.3 kN/m? distributed load.
Boundary eX =0 at two sides
Conditions | eY =0 at two sides

eX =eY =eZ =0 at the bottom
Material Young’'s modulus (E) = 95.8 MPa
Properties | Poisson's ratio (v) = 0.499
Element A mesh of 183570 tetrahedron elements with average size of 4 m was used.
types
Target Maximum settlement.
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Results

e, [mm]
Theory 74.4
Plaxis 3D 75.6
AxisVM 78.2

[mm]

NEEEEN

-12.716
-15.989
-19.261
-22.534
-25.807
-29.079
-32.352
-35.625
-38.897
-42.170
-45.443
-48.715
-51.988
-55.261
-58.533
-61.806
-65.079
-68.351
-71.624
-74.896
-78.169

E ST

eZ

6.920
3.647
0.375
-2.898
-6.171
-0.443
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Nonlinear static
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Software Release Number: X4rl
Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: nonlinl.axs

Thema 3D beam structure.
Analysis Geometrical nonlinear analysis.
Type
Geometry
ElTIN A
P \\ //
> /
£
S
F,=-600,00 kN
; / AN
o
R / \Sl
L 1,732 m 3,000m 1,732m
£
s/ \
g / \x
N L
Loads Py =-300 kN
Pz = -600 kN
Boundary eX=eY=eZ=0atA,B,Cand D
Conditions
Material S 275
Properties | E =21000 kN / cm?
v=0,3
Cross- HEA 300
Section Ax =112.56 cm?; Ix=85.3cm*; ly =18268.0 cm*; Iz =6309.6 cm*
Properties
Element Beam
types
Target eX, eY, eZ, at Nodel
Nx, Vy, Vz, Tx, My, Mz of Beam1 at Nodel
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Results

Comparison with the results obtained using Nastran V4

Component Nastran® AxisVM %
eX [mm] 17,898 17,881 -0,09
eY [mm] -75,702 -75,663 -0,05
eZ [mm)] -42,623 -42,597 -0,06
Nx [kN] -283,15 -283,25 0,04
Vy [kN] -28,09 -28,10 0,04
Vx [kN] -106,57 -106,48 -0,08

Tx [kNm] -4,57 -4 57 0,00
My [kNm] -519,00 -518,74 -0,05
Mz [kNm] 148,94 148,91 -0,02
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: nonlin2.axs

Thema Plate with fixed end and bending moment.
Analysis Geometrical nonlinear analysis.
Type
Geometry

£

o

gl

=

1
2/ OOO m

Loads Mz = 2600 KNm (2x1300 Nm) acting on Edge2
Boundary eX=eY =ezZ=fiX=fiY =fiZ = 0 along Edgel (Use Constrained nodes instead of line
Conditions | support; Nodal DOF on Edge 1: Fixed node)
Material E = 20000 N / mm?2
Properties | v=0
Cross Plate thickness: 150 mm
Section Rib on Edge2: circular D = 500 mm (for distributing load to the mid-side-node)
Properties
Element Parabolic quadrilateral shell (heterosis type)
types Rib on Edge?2 for distributing load to the mid-side-node




A Axisvm Verification Examples 47

Target

¢z at Edge2

Results

12,0 m

LX
Theoretical results based on the differential equation of the flexible beam:
=M .
| p'aleEplate RN (/)z — ~ plate
P, = K-l lat IplateEp|ate
z plate
3 3
e = 22 1015 8125.10
P 12 12
E e = 210 N/m?
4 plate — 12m
M =2.6-10° Nm
6
: 2610012 _ 55467 rag

T 2812510 -2.10°

Comparison the AxisVM result with the theoretical one:

Component Theory AxisVM %
fiZ [rad] 5,5467 5,5502 0,06
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: Plastic_1.axs

Thema Plastic material
Analysis Nonlinear static analysis
Type
Geometry B c D
1
A
N\
Cross-section: D = 30mm
Loads Axial force at A: N
Solution control: Displacement at A
Boundary eX=eY=eZ=0atB,CandD
Conditions
Material S 235
Properties | E =21000 kN / cm?
v=0,3
Linear elastic — perfectly plastic material model
Element Truss element
types
Target Check the load — vertical displacement (A) curve
Results 10° . .
400000
3107 s
_:'s.'.{‘iS'l:l _
21071 1
Flu)
1=10°F -
0 | 1
% ] 10 13
0 .B:RII.S'[:.:._.'L'I- 13
Analytical results: [u;F(U)]
AXisVM: [Axisi,1; AXiSio]
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: Plastic_2.axs

Thema Clamped beam with plastic material under cyclic loading
Analysis Nonlinear static analysis
Type
Geometry
Fz
z ¢>m
2 :
, L =100 cm ,
? ,1
14,0
, 14,0
Cross-section: Z = 30mm
Loads Nx = 63,333 kN; Fz = 2,666 kN
Solution control: Displacement at B ez = -70 mm
Increment function:
1,5
1 1 !
0,5 /\
ote— N\ /
SN/
1 ¥
-1
-1,5
Boundary eX=eY=ez=fiX=fiy=fiz=0atA
Conditions
Material Steel oTNimm]
Properties E = 100000 kN/cm?; Et = 1000 kN/cm?; oy = 10 kN/cm? 110,00
v=0,3
Linear elastic —plastic material model 0
Hardening rule: Isotropic hardening 110,00
-2E-3 2E-3
Element Beam element
types
Target Check the load —displacements and beam strains curves
Results AXisVM:
e Beam element
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Rib element (shear deformation is taken into account)
ANSYS 14.0 — Beam element (unrestrained warping)

b=
=3
X
[
Axis beam
ANSYS beam
— - = Axis Rib
Z
=3
N
[

Axis beam
ANSYS beam
— - = Axis Rib

eZ [mm]
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Axis beam
ANSYS beam
— - = Axis Rib

eY [mm]

Fz [kN]

—— AXis beam
ANSYS beam
— - = Axis Rib

exx []
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Software Release Number: X7rla

Date: 06. 02. 2023.

Tested by: InterCAD

File name: matnl_01_xx (xx — element type)

Thema Clamped beam with symmetric nonlinear material model
Analysis Nonlinear static analysis
Type
Geometry
z
j\z J/Fz
}; 20 cm ¢:§ y
d ’ —
; L =200 cm ; o
Loads Fz =200 kN
Solution control: Force
Increment function: Equal increments
Boundary eX=eY=ezZ=fiX=fiy=fiZz=0atA
Conditions
Material Steel — Strain energy based (NLE) olkMicm?]
Properties Steel — Von Mises (VM) £2 15
Material model function: ¢ = 400 - /e '
Discrete function assignment per € = 0.001 [] .
v=0,3 i el
5215
tEIeme/nItz_l Beam/Rib element matnl_01_beam-rib_NLE.axs, matnl_01_beam-rib_VM.axs
es / File
r¥§me Plate element matnl_01 plate_NLE.axs, matnl_01 plate_VM.axs
(heterosis type)
Membrane element matnl_01_membrane_NLE.axs,
matnl_01_membrane_VM.axs
Target Check vertical displacements (B) and stresses (A)
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Results

Analytical background: Appendix A;

Strain energy

Yield criterion Von Mises
based

Type of element es [mm] [%] es [mm] [%0]

Analytical 156,4 156,4

Beam 157,99 1,02 157,99 1,02

Rib 158,48 1,33 158,48 1,33

Plate TRIA 158,98 1,65 157,96 1,00

Membrane TRIA

158,34 1,24

158,41 1,29

Strain energy

Yield criterion Von Mises
based

Type of

A oakNem? | [%] | | oakNiem?] | [%]

Analytical 50 50

Beam 49,9 -0,20 48,9 -2,20

Rib 49,9 -0,20 48,9 2,20

Plate TRIA 49,79 -0,42 49,83 -0,34

¥Fflr}1bra”e 49,87 -0,26 48,24 -3,52
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Software Release Number: X7rla

Date: 06. 02. 2023.

Tested by: InterCAD

File name: matnl_02_xx (xx — element type)

Thema Clamped beam with asymmetric nonlinear material model
Analysis Nonlinear static analysis
Type
Geometr
Y 20 cm
z - Fz ‘
J EC 2 \L 20 —=
N B em y
. L = 200 cm : —
T T 10cm
Loads Fz = 1200 N;
Solution control: Force
Increment function: Equal increments

Boundary eX=eY=ezZ=fiX=fiy=fiZz=0atA
Conditions
Material Strain energy based (NLE) oN/mm= ]
Properties E = 28600 N/mm?; Er = 0 N/mm?; . 180

oyt = 1,6 N'mm?; Gyc = 16 N/mm?; St el

v=0; ;

-18,00

Element Beam/Rib element matnl_02_beam-rib_NLE.axs
types / File
name Shell element matnl_02_shell NLE.axs

(heterosis type)
Target Check vertical displacements (B) and stresses (C), length of plastic zone (x)
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Load parameter

Axis shell NLE model —top and bottom Sxx [N/mm?]

Analytical result for x = 1,111 m (plastic zone)

Effective plastic strain of Beam and shell (top) with NLE material

55
Results Analytical background: Appendix A;
Yield criterion Strain energy
based
Type of element es [mm] [%]
Analytical 2,833
Beam 2,810 -0,81
Rib 2,830 0,11
Shell 2,899 2.33
Yield criterion Strain energy
based
Type of element GC,min o
® kniemy |
Analytical 4,98
Beam 5,03 1.20
Rib 4,90 -1,81
Shell 5,01 0.60
3
r
25
E
E 2
S — - — Analytical L
E15 . _
o Axis beam NLE -
15
2 1 — — Axis shell BP Pt
5 -~
- -
——
05 - -
-
- -
p ="
0 0.2 04 06 05 )
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Software Release Number: X7rla

Date: 06. 02. 2023.

Tested by: InterCAD

File name: matnl_03_xx (xx — element type)

Thema Clamped beam with only compression material model
Analysis Nonlinear static analysis
Type
Geometry
20 cm
;Tz - F- z
IC \L N
- X
! 20 cm //%
;jA | B % ¥
s L = 200 cm L —t
. N 10 cm
Loads Fz =200 N; N = 5000 N
Solution control: Force
Increment function: Equal increments
Boundary eX=eY=ezZ=fiX=fiy=fiZz=0atA
Conditions
Material Concrete — Bresler-Pister (BP) oN/mmE ]
Properties Other — Strain energy based (NLE) —— 0016
E = 28600 N/mm?2; Et = 0 N/mm?Z; — = — 4'E-T el
Gy1 = 0,016 N/mm2; Gyc = 16 N/mm?;
Cys = 1,2 (Bresler-Pister);
v =0;
-18,000
tEIeme/nlt:'I Beam/Rib element matnl_03_beam-rib_NLE.axs, matnl_03_beam-rib_BP.axs
es / File
r?/at)me Shell element matnl_03_shell NLE.axs, matnl_03_shell_BP.axs
(heterosis type)
Target Check vertical displacements (B) and stresses (C), length of plastic zone (x)
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S

Results

Analytical background: Appendix A,

Yield criterion

Strain energy

Bresler Pister

based
Type of element es [mm] [%] es [mm] [%0]
Analytical 0,475 0,475
Beam 0,471 -0,84 0,466 -1,89
Rib 0,477 0,42 0,473 -0,42
Shell 0,486 2,32 0,471 -0,84

Yield criterion

Strain energy

Bresler Pister

based
Type of element GC,min % GC,min %
P mmg | nmmg |
Analytical 1,097 1,097
Beam 1,094 -0,27 1,086 -1,00
Rib 1,068 -2,64 1,066 -2,83
Shell 1,087 -0,91 1,076 -1,91
05
0,45
0.4 - -
' P
0,35 o
E & -~
= 03 ~
2025 — - — Analytical
< -~
& 02 »
& - — — Ayis shell BP
5 0,15 - 155
-
0.1
0,05 - -
0 ="
0 0.2 0.4 08

Load parameter

Axis beam NLE

Axis shell NLE model —top and bottom Sxx [N/mm?]
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eeff MinMax [J

2429E-5

1,100

Effective plastic strain of Beam (fig. 1) and Shell (top) (fig. 2) with Bresler-Pister
material
Analytical result for x = 1,110 m (plastic zone)
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: push_2D_RC_frame.axs

Thema Pushover — 2D frame
Analysis Nonlinear static analysis
Type
Geometry | three bays with 6m width and 4m height
. . X _1
Loads 50 kN/m distributed load on the beams
Boundary rigid supports
Conditions | the calculation must be run with the number of increments set to 70
Material C25/30 concrete
Properties
Elements Beam elements: beam section: 30x60 cm rectangular; column section: 60x60 cm square

Plastic hinges at beam ends:

e moment resistance: 360 kNm initially, then 72 kNm
¢ no hardening, sudden loss of strength
¢ infinite rotation capacity

Pushaover hinge function
M[kNm] 360.00

72.00

#lrad]

-72.00
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Plastic hinges at column bases:

e moment resistance: 800 kNm initially, then 160 kNm

e no hardening, sudden loss of strength
¢ infinite rotation capacity

M[kNm]

Pushover hinge function
800.00

160.00

-160.00

-800.00

lrad]

Target

Pushover analysis — 600 mm top displacement
Comparison with SAP 2000 results

Results

—Axis VM 350 increments -=SAP 2000 Axis VM 70 increments

1200

800 - /

600 - / l.\“_‘gngg-"-"-

{ e
400 T

Base shear [kN]
Y
|
[

200

0o+ ‘

0 100 200 300
-200 .
Displacement [mm)]

400
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: push_3D_RC_frame.axs

Thema Pushover — 3D frame

Analysis Nonlinear static analysis

Type

Geometry | two bays in x (6m and 5m) and three bays in y (5m, 6m and 4m) direction

Loads 25 kN/m distributed load on the beams

Boundary rigid supports

Conditions

Material C25/30 concrete

Properties

Elements Beam elements: beam section: 30x60 cm rectangular; column section: 60x60 cm square

Plastic hinges at beam ends:

e moment resistance: 360 KNm initially, then 72 KNm
e no hardening, sudden loss of strength
¢ infinite rotation capacity

Pushaover hinge function
M[kNm] 360.00

7200

#lrad]

-72.00

Plastic hinges at column bases:
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moment resistance: 2500 KNm initially, then 2000 kNm
no hardening, relaxed loss of strength
¢ infinite rotation capacity

Pushover hinge function
2500.00
N
\_\-

M[kNm]

2000.00

-2000.00 “

-2500 00

#lrad

Target

Pushover analysis
Comparison with SAP 2000 results

Results —
X direction

===SAP 2000 Axis VM
6000

5000 - )

2000 —+

Base shear [kN]
w
o
o
S

1000

0 50 100 150 200 250 300

Displacement [mm]

4000 ~ %' =

350

400

Results —
Y direction

-=SAP 2000 Axis VM
6000

-1
5000 e -L:w

4000 >

2000 -+

Base shear [kN]
w
o
=)
<)

1000

T
0 50 100 150 200
Displacement [mm]

250

300
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BLANK
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Dynamic

Software Release Number: X5r1
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: dynam1l.axs

Thema Deep simply supported beam.
Analysis Vibration analysis.

Type

Geometry

Beam (Axonometric view)
Cross section (square 2,0 m x 2,0 m)

Loads Self-weight
(Other option: Apply Masses only option on Vibration analysis window)

Boundary eX=zeY=zezZ=fiX=0atA
Conditions |eY=eZ=0atB

Material E = 20000 kN / cm?
Properties | v=0,3
p = 8000 kg / m3

types

Element Rib element: Three node beam element (shear deformation is taken into account)

Target First 7 mode shapes
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Results

Mode 1: f = 43,16 Hz

Mode 3: f=124,01 Hz

Mode 5: f = 152,50 Hz

Mode 7: f = 293,55 Hz

Mode 2: f = 43,16 Hz

Mode 4: f = 152,50 Hz

10,000

Mode 6: f = 293,55 Hz
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Results

Comparison with NAFEMS example

Mode | NAFEMS (Hz) [  AxisVM (Hz) %
1 42,65 43,16 -1,20
2 42,65 43,16 -1,20
3 125,00 124,01 0,79
4 148,31 152,50 -2,83
5 148,31 152,50 -2,83
6 284,55 293,55 -3,16
7 284,55 293,55 -3,16
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: dynam2.axs

Thema Clamped thin rhombic plate.
Analysis Vibration analysis.
Type
Geometry
1 7
A Ld
——
&
45° S
@A
10,0 m
Top view of plane
(thickness = 5,0 cm)
Loads Self-weight
Boundary eX =eY =fiz=0 at all nodes (i.e.: eX, eY, fiZ constrained at all nodes; Nodal DOF: Plate
Conditions | in X-Y plane)
eZ =fiX =fiY = 0 along the 4 edges (Line support)
Material E = 20000 kN / cm?
Properties | v=0,3
p = 8000 kg / m?
Element Parabolic quadrilateral shell element (heterosis type)
types
Mesh
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Target First 6 mode shapes

Results
Mode 1: f = 8,02 Hz Mode 2: f= 13,02 Hz
Mode 3: f=18,41 Hz Mode 4: f=19,33 Hz
Mode 5: f = 24,62 Hz Mode 6: f = 28,24 Hz

Results Comparison with NAFEMS example

Mode | NAFEMS (Hz) [ AxisVM (Hz) %
1 7,94 8,02 1,01
2 12,84 13,02 1,40
3 17,94 18,41 2,62
4 19,13 19,33 1,05
5 24,01 24,62 2,54
6 27,92 28,24 1,15
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: dynam3.axs

Thema Cantilevered thin square plate.
Analysis Vibration analysis.
Type
Geometry 1
A
£
On
=
i 10,0 m :
Top view
(thickness = 5,0 cm)
Loads Self-weight
Boundary eX =eY =eZ=fiX=fiY =fiZ = 0 along y-axis
Conditions
Material E = 20000 kN / cm?
Properties | v=0,3
p = 8000 kg / m3
Element Parabolic quadrilateral shell element (heterosis type).
types
Mesh
Clamped ‘S-
edge
10,000
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Target First 5 mode shapes
Results
_./// )
10,000 . “\\ 107000
Mode 1: f=0,42 Hz
10,008 k R - b 10,000
Mode 3: f=2,53 Hz
10 :(,\r)-\ﬁ"""h- - ' 10,000
Mode 5: f = 3,68 Hz
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10,000

Mode 2: f= 1,02 Hz

Mode 4: f= 3,22 Hz

Comparison with NAFEMS example

10,000

10,000

Mode | NAFEMS (Hz) | AxisVM (Hz) %
1 0,421 0,420 -0,24
2 1,029 1,020 -0,87
3 2,580 2,530 -1,94
4 3,310 3,220 2,72
5 3,750 3,680 -1,87
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: dynam4.axs

5,000

10,000

Thema Cantilevered tapered membrane.
Analysis Vibration analysis.
Type
Geometry
- £
on
Y \ :
I_x : 10,0 m !
Side view
(thickness = 10,0 cm)
Loads Self-weight
Boundary Edge 1: Nodal DOF: Fixed node
Conditions | Other nodes: DOF: (f f C C C C) (f: free; C: constrained)
Material E = 20000 kN / cm?
Properties | v=0,3
p = 8000 kg / m?
Element Parabolic quadrilateral membrane (plane stress)
types
Mesh
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Target

First 4 mode shapes

Results

5,000

10,000

1,0

O(

" 5,000

Mode 1: f = 44,50 Hz

10,000

Mode 2: f = 128,60 Hz

1,000
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L,

" 5,000

" 5,000

10,000

Mode 3: f = 162,48 Hz

10,000

Mode 4: f = 241,46 Hz

1,000

1,000

Results

Comparison with NAFEMS example

Mode | NAFEMS (Hz) AxisVM (Hz) %
1 44,62 44,50 -0,27
2 130,03 128,60 -1,10
3 162,70 162,48 -0,14
4 246,05 241,46 -1,87

Software Release Number: R3
Software Release Number: X4r1
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: dynam5.axs

Thema Flat grillages.

Analysis Vibration analysis.

Type

Geometry
e C &
£ :
=Y i
e = S
: o
o i :

05m
Top view

Loads Self-weight
Boundary eX =eY =eZ =0 at the ends (simple supported beams)
Conditions | Nodal DOF: Grillage in X-Y plane
Material E = 20000 kN / cm?
Properties | G = 7690 kN / cm?

v=0,3

p = 7860 kg / m3
Cross A =0,004 m?
Section Ix =2,5E-5 m*

ly=1Iz=1,25E-5m*
Element Rib element: Three node beam element (shear deformation is taken into account)
types
Mesh

1,000 0,500 4,500

VA

1,000

2,000

1,500 1,600 1,500 1,000 0,500
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Target

First 3 mode shapes

Results

Mode 1: f = 16,90 Hz

Mode 2: f = 20,64 Hz

Mode 3: f=51,76 Hz
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Mode Reference AxisVM (Hz) %
1 16,85 16,90 0,30
2 20,21 20,64 2,13
3 53,30 51,76 -2,89
Reference:

C.T.F. ROSS: Finite Element Methods In Engineering Science
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BLANK
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Stability

Software Release Number: X5r1
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: bucklingl.axs

Thema Simply supported beam (1t sample)
Analysis Buckling analysis.
Type
Geometry
M A M B
I I
: L=2,0 m !
Front view
3\__
D_
e
3\___
Cross section(l;=168,3 cm4, 1:1=12,18 cm*, lw=16667 cm®)
Loads Bending moment at both ends of beam
Ma=1,0 kNm, Mg =-1,0 KNm (Moments are applied as surface edge loads)
Boundary eX=eY=eZ=0atA
Conditions |eX=eY=eZ=0atB
kz=kw=1
Material E = 20600 kN / cm?
Properties | v=0,3
Element Parabolic quadrilateral shell element (heterosis type)
types
Mesh
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Target o= ? (for lateral torsional buckling)

Results

.
*J
;

Analytical solution

M

cr

_ 7?-20600-168,3

cr

16667 . 2002 -7923-12,18
200° 168,3 7 -20600-168,3
AXxisVM result
cr= 125,3 kNm

Difference

+0,6%

=12451 kNcm=124,51 kNm
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: buckling2.axs

Thema Simply supported beam (2" sample)
Analysis Buckling analysis.

Type

Geometry

Front view (L = 1,0 m)

0,300 . 0,400 . 0,300

L,
L
Section A1 Section Az
Cross-sections
Loads P =-1,0 kN at point B.
Boundary eX=eY=eZ=0atA
Conditions | eY=eZ=0atB
Material E = 20000 kN / cm?
Properties | v=0,3
Element Beam element
types
Target Per= ? (for inplane buckling)
Results
Theory AxisVM e [%]
P [kN] 3,340 3,337 -0,09
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: buckling3.axs

Thema Simply supported beam with monosymmetric cross-section (7 DOF beam)
Analysis Buckling analysis.
Type
Geometry
MA MB
@I | | | | | | | | | 1 | | | |
I e e e Y N N
‘|, X i
10.000m
Front view
2
30.0
‘ -
;
o
g
,,,,,,,,,,,,,,,,,,,,,,,,,,, 4 2
15.0
Cross section (I:=2533 cm?4, 1:=21,8 cm?, Iw=420623 cm®, (3,=-28,8 cm)
Loads Bending moment at both ends of beam
Ma=1,0 kNm, Ms=1,0 kKNm
Boundary eX=zeY=zeZ=@pX=@Y=@Z=0atA
Conditions |eX=eY=eZ=¢pX=@Y=@Z=0atB
kz=kw=1
Material E = 21000 kN / cm?
Properties | v=0,0
Element 14 DOF warping beam element.
types
Target o= ? (for lateral torsional buckling)
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Results

Analytical solution:

n2El, J(k)zlw (kL)2GI,

M, = C, +(Cyzy = C32)" = (Cazg — Cs2;) | = 215.37 kNm,

—Z (=) 2+
k)2 \ [\k,) 1, T w?El,
where C; = 1.0, C, = 0.0, C; = 1.0, k = 1, k,, = 1, z; = —0.58,, = 14.4 cm, z, = 0 cm.

AXxisVM result:
MCT,FEM = 215.42kNm

Difference:
A=0.02%

Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: buckling4.axs

Thema Simply supported beam with monosymmetric cross-section (7 DOF beam)
Analysis Buckling analysis.

Type

Geometry

i\ o

Axonometric view of beam element with eccentric load
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PN,

=— .00

Axonometric view of shell element with eccentric load

11.0

7 i
s / ;

11.8

Cross section SWEDSTEEL Z400X4

Loads Eccentric load at midspan
F=1,0KkN
Boundary eY=zeZ=¢pX=w=0atA
Conditions | eX=eY =eZ = ¢X =w =0 at B (restrained warping at both ends)
Material E = 21000 kN / cm?
Properties | v=0,0
Element 14 DOF warping beam element.
types
Target Mecr = ? (for lateral torsional buckling)
Results

My sger = 13.772 kN

MCT,BEAM =12.962 kN

Difference:
A=6%
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: Platebuckling_aperb2.axs

Thema Plate buckling simply supported rectangular plate
Analysis Buckling analysis of plate
Type
Geometry
Loads Distributed compression load at the x=0 and x=a edges
x=0 and x=a Px= 1,0 kN/m
Boundary Line supports:
Conditions | Kx=Ky=-Kxx=Kyy=Kzz=0 at x=0;x=a
Kx=Ky=-Kxx=Kyy=Kzz=0 at y=0;y=b
Additional nodal supports to prevent rigid body motion, but allow transverse contraction:
eZ= pX=¢Y=¢Z=0 at x,y=(0,0)
eX=eZ= pX=0Y=¢Z=0 at x,y=(a,b)
Material E = 21000 kN / cm?
Properties | v=0,0
Element shell elements
types
Mesh a =2,000
r """""""""""""""""""" i
I I
I I
. i
I I
i I 3
| E
| | 1]
| | <
I I
I I
I I
I |
| l
ﬂ_ ______________________________________ | I Y
Target Comparison of critical buckling stress of AxisVM calculation with the analytical solution
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Results:
1t Mode - m=2, n=1
AxisvM restult
X
eZ
Buckling analysis * a 0,450
Code m Eurocode n 0,375
Case : ST1 . 0,300
Mode 1 . 0,225
Oer 1 755,302 0,150
Error : 5,83E-7 0,075
Iterations : 14 0
Comp. ez -0,075
Max : 0,450 _
Min : -0,450 | g:zg
u -0,300
= -0,375
% -0,450
. 210000/N/mm?2 Analitycal Solution AxisVM result Difference
= mm
m 2 ocr 755,302 i
t= 10 mm Anal.ytlcal/
a= 2000 mm n 1 Napplied [kN/m] 1 AxisVM
0
b= 1000 mm K 4 : [%]
v= 0,3 o [N/mm’] | 7592 ||o. [N/mm’] | 75,5302 || -0,516%
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Software Release Number: X7rla

Date: 06. 02. 2023.

Tested by: InterCAD

File name: Buckling_beam_7dof _v0.axs; Buckling_beam_shell v0.axs

Thema Verification of Euler Buckling shapes (Beam buckling)
Analysis Buckling
Type
Geometry
Version A.) Beam model (7DOF)
P
&........: q
0,65
(l
2 I G
5] | —
) =] i
e |° =
g o
- H -
& :
a E
o, | |
. 2% | N
# ; #
DO | 20,00
b 4
Cross section (Iz= 1333,7 cm4, ly=3509,5 cm4)
Version B.) Shell elements
l p
i Ly
\_4
2
o —
[ 110,00 mm
[ 5,50 mm
FI....]F
Loads P=-10kN at node 2
Boundary | ¢X=¢Y =0 at node 1
Conditions | eZ=pX=¢Y =0 at node 2
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Material E=21000 kN / cm?

Properties | v=0,3

Element Version A.) beam element (7DOF)

types Version B.) shell elements

Target Comparison of buckling shapes in case of beam model and the alternative shell model (for
in-plane buckling) with the analytical solution

Analytical solution of column deflection:

[1]

w(r) = Asin(kz),

nw . )
k= with n € H.
Results: |
Buckling around weak axis (15t Mode — n=1)
Beam-model (7DOF) Shell-model
3
ey
N
] A 0,318
Buckling analysis | 0289
Code =Eurocode-H | 0.260
Case : ST1 B 0'232
2 X
Mode H !
a - 110,572 0,203 Buckling analysis
- o 0,174 = -
Error 1 1,84E-12 — Code == Eurocode-H
Iterations : 15 0’116 CEIZE 1 5T1
s Mode t 3
Comp. 1 ey
Max ’ : 0,318 m %% O : 109,391
Min : Or | 0,058 Error 1 2,12E-10
] 0,029 Iterations : 30
7 0 Comp. -
- Max : 0
12

Min :-0,317 r T
1 ¥



https://www.continuummechanics.org/columnbuckling.html
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Eigenshapes

0,5 _0~
”
0@

0,0000 0,0500 01000 0,500 0,2000 0,2500 0,3000  0,3500

Translation in Y direction - eY [-]
A.) Analytical solution - amplitude scaled to AxisVM - Beam 7DOF
= = B.) Analytical solution - amplitude scaled to AxisVM - Shell
C.) Result of AxisVM - Beam (7DOF)

O D.)Result of AxisVM Shell

Mode 1 - Buckling around weak axis n=1
Analytical solution Results of AxisVM
-g < A) . B.) . C.) D.) o o
‘é = max.ampllFude max.ampllFude Shell g, g § Q
-.§ % scaled to AxisVM scaled to AxisVM Beam Investigated qqq:, < ﬂq:J s
e & (.Beam) (.Shell) (7DOF)  |in the neutral a a
o Asin(nmz/L) Asin(nmz/L) ]
with n=1;A=0,318 | with n=1; A=0,317 axts
z eY eY eY eY 0 o
[m] B B B B sl
0 0,0000 0,0000 0,0000 0,000 0,000 0,000
0,5 0,0983 0,0980 0,0980 0,098 -0,273 0,042
1 0,1869 0,1863 0,1870 0,187 0,045 0,359
15 0,2573 0,2565 0,2580 0,257 0,284 0,211
2 0,3024 0,3015 0,3030 0,302 0,186 0,171
2,5 0,3180 0,3170 0,3180 0,3170 0,000 0,000
3 0,3024 0,3015 0,3030 0,302 0,186 0,171
3,5 0,2573 0,2565 0,2580 0,257 0,284 0,211
4 0,1869 0,1863 0,1870 0,187 0,045 0,359
4,5 0,0983 0,0980 0,0980 0,098 -0,273 0,042
5 0,0000 0,0000 0,0000 0,000 0,000 0,000
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Buckling around weak axis (n=2)

Translation in Y direction - eY [-]

Beam-model (7DOF) Shell-model
x|
] eY
Buckling analysis i
Code =Eurocode-H N 0159
Case 1 ST1 . 0,130
Mode 15 ] 0'101 : X
a, 1 442,293 ] 0'072 Buckling analysis
Error . 1,56E-13 ' Code == Eurccode-H
Iterations : 15 0,043 Case ST
Comp. Cey 0,014 Mode 1 5
Max : 0,159 001 Ocr 1 430,059
Min :-0,159 -0,043 Error ©1,17E-5
B -0,072 Iterations : 30
. -0,101 Comp. HE=3 8
. -0,130 Max : 0,161
0,159 i -
% Min 0,161
12
z
. 1_
l_ Y
' I
Eigenshapes
50
-~
® .
- At A.) Analytical
® ' solution -
& amplitude scaled to
4 AxisVM - Beam
7DOF
3,5
@ - = B) Ahalytical
3 solution -
\@_ amplitude scaled to
E 3@ AxisVM - Shell
N o
O,
2 @ ® C.)Result of
AxisVM - Beam
15 % (7DOF)
1 o
/0 O D.)Result of
05 @ AxisVM Shell
@
P
0@
-0,2 -02 01 00 01 01 02 02




»
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Mode 3 - Buckling around weak axis n=2
Analytical solution Results of AxisVM

g < A.) B.) C.) D.) § §

*é B max amplit.ude max amplit.ude Shell o g o Q
'-§ % scaled to AxisVM scaled to AxisVM Beam Investigated é < g o

8 ('Beam) ('Shell) (7DOF)  [in the neutral ) )

) Asin(nmz/L) Asin(nmz/L) axis

with n=1; A=0,159 with n=1;, A=0,161

z eY eY eY eY (%] (%]
[m] [-] [-] [-] [-]

0 0,00 0,00 0,000 0,000 0,000 0,000
0,25 0,05 0,05 0,049 0,05 -0,273 0,497
0,5 0,09 0,09 0,094 0,095 0,577 0,386
0,75 0,13 0,13 0,129 0,131 0,284 0,571

1 0,15 0,15 0,151 0,153 -0,144 -0,078
1,25 0,16 0,16 0,159 0,161 0,000 0,000
1,5 0,15 0,15 0,151 0,153 -0,144 -0,078
1,75 0,13 0,13 0,129 0,13 0,284 -0,194

2 0,09 0,09 0,094 0,095 0,577 0,386
2,25 0,05 0,05 0,049 0,05 -0,273 0,497
2,5 0,00 0,00 0,000 0,000 0,000 0,000
2,75 -0,05 -0,05 -0,049 -0,05 -0,273 0,497

3 -0,09 -0,09 -0,094 -0,095 0,577 0,386
3,25 -0,13 -0,13 -0,129 -0,13 0,284 -0,194
3,5 -0,15 -0,15 -0,151 -0,153 -0,144 -0,078
3,75 -0,16 -0,16 -0,159 -0,161 0,000 0,000

4 -0,15 -0,15 -0,151 -0,153 -0,144 -0,078
4,25 -0,13 -0,13 -0,129 -0,131 0,284 0,571
45 -0,09 -0,09 -0,094 -0,095 0,577 0,386
4,75 -0,05 -0,05 -0,049 -0,05 -0,273 0,497

5 0,00 0,00 0,000 0,000 0,000 0,000
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD
File name: Lattorsbuckling7DOF_v01.axs; Lattorsbuckling_shell_v01.axs

Thema Verification of Euler Buckling shapes (Lateral torsional buckling)
Analysis Lateral torsional buckling

Type

Geometry | Version A.) Beam model (7DOF)

L=10,000 m

Front view

2
30,0

420

0,8
15,0
Cross section (Iz= 2533 cm4, It=21,8 cm4, lw=420623 cm®, By=28,8cm)

Version B.) Shell elements

VB

Heutral avis
et |

L=10,000m
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MA|

Neutrgy axis

0165
0,410

0,245

Loads Bending moment at both ends of beam
Ma = 1,0 kNm, Mg = 1,0kNm
(in terms of shell model moments are applied as surface edge loads)
Boundary eX=eY=eZ=pX=pY=¢Z=0 at A
Conditions | eX=eY=eZ=¢pX=9pY=¢Z=0 at B
kz=kw=1
Material E=21000 kN / cm?
Properties | v=0,3
Element Version A.) beam element (7DOF)
types Version B.) shell elements
Target Comparison of buckling shapes in case of beam model and the alternative shell model (for
lateral torsional buckling) with the analytical solution
Analytical solution of angle of rotaion ¢(x) :
[2]
@(x) = Dy sin(mx)
m =" wihk e N,
Results: |
15t Mode — k=1
Beam-model (7DOF)
5
X
o L §i
Case ERSTHY 1,59599
Mode 13 . 1,41866
Qe : 215,420 1,24133
Error i 2,25E-12 1,06399
Iterations : 13 0,88666
Comp. 1 X 0,70933
Max : 1,95064 u 0,53200
Min HL] . 0,35466
. 0,17733
. 0
7
12



https://eg.uc.pt/bitstream/10316/38514/1/Comparison%20between%20analytical%20expressions%20for%20determination%20of%20elastic%20critical%20moment%20of%20steel%20beams.pdf
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x
Buckling analysis .

Code =Eurocode-H

Case $ST1

Mode i3

[ 1 214,075

Error : 2,94E-9

Iterations : 30

Comp. : fX

Max :0,01708

Min : -1,99285

Shell-model

X

0,01710
-0,20623
-0,42956
-0,65288
-0,87621
-1,09954

- -1,32287
_ -1,54620

-1,76952
. -1,99285

10
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Eigenshapes

E_ 2,000 ) (=] )
S 1,500 @ o
i @ @
< 1,000
E 0,500 = o
% 0,000 @ ©
= 0 1 2 3 4 5 6 7 g 9 10
x [m]
A.) Analytical solution- amplitude scaled to AxisVM - Beam 7DOF
B.) Analytical solution - amplitude scaled to AxisVM - Shell
C.) Result of AxisVM - Beam (7DOF)
O D.) Resultof AxisVM - Shell
MODE1 k=1
Analytical solution Results of AxisVM
C
'é .g A) B.) C) D.) § . § .
2 g max amplitude scaled | max amplitude scaled Shell o Q L Q
2 5| toAisvM (Beam) to AxisVM (Shell) Beam |[investigatedin| &£ < [ & o
g Disin(kmz/L) D1sin(kmx/L) (7DOF) the neutral o o
with k=1; D1=1,951 with k=1; D1=1,993 axis
X OX OX OX OX
[%] [%]
[m] [-] [-] [-] [-]
0 0,000 0,000 0,000 0,00000 0,000 0,000
1 0,603 0,616 0,603 0,63926 0,000 3,666
2 1,147 1,171 1,147 1,18592 0,000 1,227
3 1,578 1,612 1,578 1,61909 0,000 0,422
4 1,855 1,895 1,855 1,89708 0,000 0,093
5 1,951 1,993 1,951 1,993 0,000 0,000
6 1,855 1,895 1,855 1,89708 0,000 0,093
7 1,578 1,612 1,578 1,61909 0,000 0,422
8 1,147 1,171 1,147 1,18592 0,000 1,227
9 0,603 0,616 0,603 0,63926 0,000 3,666
10 0,000 0,000 0,000 0,00000 0,000 0,000
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2"d Mode — k=2

Beam-model (7DOF)

'
X
Buckling analysis ‘ ™ 1,08831
Code =Eurocode-H B 0,89044
Case  :ST1 | — L
Mode 7 0,49469
a., : 751,635 ‘ 0,29682
Error 1 9,43E-13 0,09895
Iterations : 13 ‘ -0,09893
Comp. : fX . -0,29680
Max :1,08829 | .0149457
Min : -1,08829 | -0,69255
u -0,89042
. -1,08829
12
Shell-model
®
x| X
Buckling analysis
Code =Eurocode-H 1,14900
Case 1 ST1 u 0,94220
Mode 10 u 0,73541
A 744,946 0,52862
Error 3,126-2 0,32183
Iterations : 30 0,11503
Comp. 1 fX 3
-0,09176
Max :1,14898 -0,29855
Min :-1,12572 . -0,50534
-0,71214
Y
-0,91893
|

7 =1,12572

12
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1,20

Eigenshapes

1,00 - ©-¢
ojso @ @
E 0,60 @ @
< 0,40
§ 0,20 © o
£ 000 @ ®
T 0200 1 2 3 4 6 1 10
£ 40 ® ®
% 0,60 Q)] ®
g ® ®
'* ®
20 X [m] ©
A.) Analytical solution - amplitude scaled to AxisVM - Beam 7DOF
B.) Analytical solution - amplitude scaled to AxisVM - Shell
C.) Result of AxisVM - Beam (7DOF)
O D.) Result of AxisVM - Shell
Analytical solution Results of AxisVM
-593 5 A B.) C) D.) g |8
‘g ‘g max amplitude scaled | max amplitude scaled Shell o g o Q
B 5| toAxisvM (Beam) to AxisVM (Shell) Beam |iniestigatedin| £ < [ &£ o
3 = D1sin(kmx/L) D1sin(kmx/L) (7DOF) the neutral (&) (@)
with k=1; D1=1,088 with k=1; D1=1,099 axis
X X QX X QX . .
(m] ] (] ] (] sl
0 0,00 0,00 0,000 0,000 0,000 0,000
0,5 0,34 0,34 0,336 0,334 0,000 -0,695
1 0,64 0,64 0,640 0,652 0,000 1,825
1,5 0,88 0,88 0,880 0,890 -0,001 1,088
2 1,04 1,04 1,035 1,047 -0,001 1,160
2,5 1,09 1,09 1,088 1,098 0,000 0,892
3 1,04 1,04 1,035 1,041 -0,001 0,603
3,5 0,88 0,88 0,880 0,884 -0,001 0,384
4 0,64 0,64 0,640 0,651 0,000 1,699
4,5 0,34 0,34 0,336 0,339 0,000 0,887
5 0,00 0,00 0,000 -0,001 0,000 0,000
5,5 -0,34 -0,34 -0,336 -0,339 0,000 0,849
6 -0,64 -0,64 -0,640 -0,646 0,000 0,992
6,5 -0,88 -0,88 -0,880 -0,889 -0,001 0,970
7 -1,04 -1,04 -1,035 -1,046 -0,001 1,057
7,5 -1,09 -1,09 -1,088 -1,099 0,000 0,967
8 -1,04 -1,04 -1,035 -1,042 -0,001 0,660
8,5 -0,88 -0,88 -0,880 -0,889 -0,001 1,015
9 -0,64 -0,64 -0,640 -0,655 0,000 2,366
9,5 -0,34 -0,34 -0,336 -0,338 0,000 0,406
10 0,00 0,00 0,000 0,000 0,000 0,000
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Software Release Number: X7rla

Date: 06. 02. 2023.

Tested by: InterCAD

File name: Platebuckling_aperb2_v01.axs

Thema Verification of Euler Buckling shapes (Plate buckling)
Analysis Plate buckling
Type
Geometry
Loads Distributed compression load at the x=0 and x=a edges
x=0 and x=a Px= 1,0 kN/m
Boundary Line supports:
Conditions | Kx=Ky=-Kxx=Kyy=Kzz=0 at x=0;x=a
Kx=Ky=-Kxx=Kyy=Kzz=0 at y=0;y=b
Additional nodal supports to prevent rigid body motion, but allow transverse contraction:
eZ= pX=¢Y=¢Z=0 at x,y=(0,0)
eX=eZ= pX=0pY=¢Z=0 at x,y=(a,b)
Material E=21000 kN / cm?
Properties | v=0,3
Element shell elements
types
Mesh
. a=2,000 _
B A AT AT T i
I
I |
I I
I 1l
I 0
| !
I I a
| E
1 | ]
I I <
I I
I |
I I
I I
l l
ﬂ_ ______________________________________ =1 I Y
Target Comparison of buckling shapes of AxisVM calculation with the analytical solution
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|

Analytical solution of vertical deflection w(x,y) :

(3]
niy

. mMox .
wix,y) = A sin= = sin—= a=2b » m=2; n=1

Results: |

1%t Mode — m=2, n=1

AXxisvM restult

X
ez
]

Buckling analysis IS 0,450
Code ®mEurocode 0,375
Case : ST1 0,300
Mode H 0,225
Qer 1 755,302 0,150
Error : 5,83E-7 0,075
Iterations : 14 0
Comp. ez —_0 075
Max : 0,450 m
Min : -0,450 0225

-0,300
-0,375
-0,450
%—
13
Analitycal solution
Analytical solution - 1st eigenshape
wix,y) =4 sin? .ﬂ'n"—? a=2b » m=2; n=1
1,00
0,80

A=1

1,00
0,75
-0,200.000,10 0,20 0,30 g ap 050 050

wix,y) = ez (xy)

0,25
0,00

0 200
S
G
£
&
Al

X-direction - a

m-1,00--0,80 m-0,80--0,60 m-0,60-040 ®-040-020 m-0,20-0,00 m0,00-0.20 wm0,20-0,40 mO40-0,60 m0,60-0,80 mO,80-1,00



https://www.youtube.com/watch?v=aDMBM6KD3uI
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ez

0,500
0,400
0,300
0,200
0,100
0,000

-0,100
-0,200
-0,300
-0,400
-0,500

Eigenshape - 1st mode Section in X-direction

A.) Analytical solution - amplitude scaled to AxisVM

Length in x direction

== == B.)Result of AxisVM

MODE1 - X direction (y=b/2)

Analytical solution | Results of AxisVM
s 5 A)
[l
'-g £ | maxamplitude scaled to B.) Difference
c 9 AxisVM  sin(mmx/a)
8 > with m=2 ; A=0,449
X ez ez A/B
[m] [-] [-] [%]
0 0,000 0,000 0,000
0,13103 0,180 0,181 0,745
0,21758 0,284 0,285 0,504
0,34481 0,397 0,398 0,330
0,4232 0,436 0,437 0,230
0,51083 0,449 0,449 0,058
0,62134 0,417 0,417 0,055
0,68552 0,375 0,375 0,034
0,76381 0,303 0,303 -0,139
0,82492 0,235 0,235 0,128
0,88599 0,157 0,157 -0,257
0,96395 0,051 0,051 0,505
1,014 -0,020 -0,02 1,292
1,11402 -0,157 -0,157 -0,265
1,17503 -0,235 -0,235 0,154
1,23607 -0,303 -0,303 -0,098
1,31441 -0,375 -0,375 0,048
1,37604 -0,415 -0,416 0,149
1,44049 -0,441 -0,442 0,186
1,49962 -0,449 -0,449 0,000
1,53441 -0,446 -0,447 0,139
1,61578 -0,420 -0,421 0,327
1,69889 -0,364 -0,366 0,501
1,78402 -0,282 -0,283 0,420
1,87007 -0,178 -0,179 0,431
2 0,000 0,000 0,000
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ez

Eigenshape - 1st mode Sectionin Y-

direction
0,500
0,400 - - S L
0,300 ~ N\
7 ™,
0,200 7 N
/ \
0,100 / N
rd
0,000 £
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
Length iny direction
A.) Analytical solution - amplitude scaled to AxisVM = = B.) Result of AxisVM
MODEL1 - Y direction (x=a/4)
Analytical solution | Results of AxisVM
s 5 A)
© +
S O | max amplitude scaled to Difference
5 £ amelity B.)
N AxisVM sin(nmy/b)
o with n=1; A=0,449
y ez ez A/B
[m] [-] [-] [%]
0 0,000 0,000 0,000
0,08673 0,121 0,121 0,140
0,17370 0,233 0,234 0,412
0,21730 0,283 0,284 0,261
0,25910 0,326 0,327 0,172
0,26286 0,330 0,331 0,285
0,30461 0,367 0,368 0,263
0,34818 0,399 0,4 0,278
0,39176 0,423 0,424 0,167
0,4347 0,440 0,44 0,094
0,47137 0,447 0,448 0,182
0,50471 0,449 0,449 0,011
0,51679 0,448 0,449 0,139
0,56497 0,440 0,44 0,073
0,60957 0,423 0,423 0,080
0,65332 0,398 0,399 0,272
0,69684 0,366 0,367 0,313
0,74033 0,327 0,328 0,309
0,78373 0,282 0,283 0,307
0,87037 0,178 0,178 0,090
0,95681 0,061 0,061 0,433
1 0,000 0,000 0,000
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Design
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Software Release Number: X7rla
Date: 09. 02. 2023.

Tested by: InterCAD

File name: RC columnl.axs

Thema N-M interaction curve of cross-section (EN 1992-1-1:2004).
Analysis Linear static analysis+design.
Type
Geometry N
2$20 L
3¢28 '2
Section: 300x400 mm
Covering: 40 mm
Loads Arbitrary.
Boundary Arbitrary.
Conditions
Material Concrete:
Properties fea=14,2 N/mm?
ec1=0,002 ec=0,0035 (parabola-constans o-¢ diagram)
Steel:
fsa=348 N/mm?
esu=0,015
Target Compare the program results with with hand calculation at keypoints of M-N interaction
curve.
Results N A

o)

4

N [kN] M [KNm] N AxisVM M(N) AxisVM e %
1 -2561 +61 -2565,4 +61,3 +0,7
2 -1221 +211 -1200 +209,6 -0,6
3 0 +70 0 +70,5 +0,7
4 +861 -61 865,4 -61,3 +0,7
5 0 -190 0 -191,2 +0,6
6 -362 -211 -350 -209,6 -0,6

Reference: Dr. Kollar L. P., Vasbetonszerkezetek I. Miiegyetemi kiadé
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Software Release Number: X7rla
Date: 09. 02. 2023.

Tested by: InterCAD

File name: RCheam.axs

Thema RC beam deflection according to EC2, EN 1992-1-1:2010.
Analysis Materially nonlinear analysis.
Type
Geometry

q =17 kKN/m

A
VAN VAN
L=5.60m
Side view
() [ 2$20
35¢c covering =3 cm
Bp=0.5
o000 O 4420
«—>
25cm
Section
Loads g =17 kN /m distributed load
Boundary Simply supported beam.
Conditions
Material Concrete: C25/30, ¢ =2.1
Properties | Steel: B500B
€=0.4%o shrinkage strain

Element Simple 12 DOF beam elements (Euler-Bernoulli beam)

types
Target €z, max
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Results
without
shrinkage
Diagram e;
Hand calculation by integration of k diagram:
2
M Ccr
k=¢ -k, +(1-¢)x, ¢=1-0- M
e =19.33mm
where,
Ki is the curvature which was calculated based on uncracked section
Ki is the curvature which was calculated based on cracked section
Calculation with AxisVM:
e = 19.49 mm (difference ~ 1%)
Results
with Hand calculation by integration of k diagram:
shrinkage M 2
K:é/"(u"'(l_é/)"(l é/:].—ﬂ[ Mcrj
e =23.02mm
where,
Ki is the curvature which was calculated based on uncracked section
Ki is the curvature which was calculated based on cracked section
Calculation with AxisVM:
e = 23.43 mm (difference ~ 2%)
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Software Release Number: X7rla
Date: 09. 02. 2023.

Tested by: InterCAD

File name: RC_Slab_1.axs

Thema RC one-way slab deflection according to EC2, EN 1992-1-1:2010.
Analysis Materially nonlinear analysis.
Type
Geometry
g =17 kKN/m
T
YaN AN
L=5.60m
Side view
Section:
25 em I I 21cm
15m '
As = ¢$16/200
B=05
Loads g =17 kN /m distributed load
Boundary Simply supported one-way slab.
Conditions
Material Concrete: C25/30, ¢ =2.1,v=0.0
Properties | Steel: B500B
€=0.4%o shrinkage strain
Element triangle shell elements
types
Target €z, max
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Results -
without
shrinkage

1016. cspt,, STL [20] e7: -38.489 m

2, NL behaviour in €-N + k-M

“* NL behaviour in k-M only

Diagram e:

Hand calculation by integration of k diagram:

M 2
k=¢ -k, +(1-4)x, é/:].—ﬂ[ Mcrj

e =37.43mm

where,
Ki is the curvature which was calculated based on uncracked section
Ki is the curvature which was calculated based on cracked section

Calculation with AxisVM:

e = 38.49 mm (NL &-N + k-M) (difference ~ +3%)
e = 38.49 mm (NL k-M) (difference ~ +3%)

Results -
with
shrinkage

Hand calculation by integration of k diagram:

M 2
K=¢ x, +(1-¢) K, é/:].—ﬂ-( Mcrj

e =44.43mm

where,
Ki is the curvature which was calculated based on uncracked section
Ki is the curvature which was calculated based on cracked section

Calculation with AxisVM:

e =46.92 mm (NL &-N + k-M) (difference ~ +5%)
e = 46.80 mm (NL k-M) (difference ~ +5%)
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Software Release Number: X7rla

Date: 09. 02. 2023.

Tested by: InterCAD

File name: RCcolumn.axs. RCLcolumn.axs

Thema Nonlinear analysis of RC columns according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically nonlinear analysis.
Type
Geometry
S
=
éu ;
S
S
=
45 200 45
310 | ék :
2 |® ® | e =
-
. 200 200
41 118 41
k 9 ° ° ‘ '
t;‘“ [ ] [}
- 5¢12
g o] *
[ ] L ] 3
Loads Concentrated force on the top
Boundary Cantilever
Conditions
Material Concrete: C25/30, ¢ =2,0
Properties | Steel: B500B
Element Simple 12 DOF beam elements (Euler-Bernoulli beam)
types

Target

€z, max
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Results

—— OpenSees Fiber Model

AxisVM XAR3 0.06

o
=]
]

OpenSees Fiber Model

AxisVM X4R3

o
€

o
=
o

Load multiplier

0.02

05

o

0.01

o 50 100 150 200 250 0
Top displacement [mm] 0 50 100 150 200 250
Longitudinal top displacement [mm]

0.06

—— Opensees Fiber Model

AxisVM X4R3

003

0.02

0 20 40 60 80 100 120 140
Perpendicular top displacement [mm]

. : X

ex
[mm]

. JSETTXTT
. - E 185.716
4
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Software Release Number: X7rla

Date: 15. 02. 2023.

Tested by: InterCAD

File name: RCcolumn2.axs

Thema Axially loaded RC column check according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically linear analysis.
Type
Geometry
Eurccode
C30/37
Cross-section 40x40
Ab [em2] = 1600.00
B500B
Reinforcement oszlop
As/Ab [%] = 2.45
Stirrup o8;
sw [mm] = 200
3 Buckling length
Byy = 1.540%L
B, = 0.500%L
L[m] = 3.000
z H
I 7 0.0 . a
y
3 48.00
Linear analysis Linear analysis
Code [l Eurocode Code [l Eurocode
Case :ST1 Case :ST1
E(P) :6.52E-14 E(P) :6.52E-14
E (W) :6.52E-14 E (W) :6.52E-14
E (Eq) : 4.44E-16 E (Eq) : 4.44E-16
Comp. : Nx [kN] Comp. : My [kNm]
-2720.00
‘&3 6600 4
Loads Concentrated force Ned = 2720 kN
Bending moments:
at the top Myed = 48 kNm
at the bottom Myed = 66 KNm
Material Concrete: C30/37, ¢ =2,0
Properties | Steel: B500B
Element Simple 12 DOF beam elements (Euler-Bernoulli beam)
types
Target Calculate eccentricities according to EN 1992-1
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Results

[cm] Hand calculation AxisVM
[eo] ei e Etot [eo] ei e eot | €%
X-z Bottom 1.16 | 2.73 6.31 1.16 | 2.73 6.31 0
plane

Middle
L

0.97

0**

2*

0.97

0**

2* 0

Top

1.76

1.16

5.65

1.76

1.16

5.65 0

X-y
plane

|

Bottom 0 0.38 0 2% 0 0.38 0 2* 0
Middle 0 0.38 0 2* 0 0.38 0 2* 0
Top 0 0.38 0 2* 0 0.38 0 2* 0

* due to minimal eccentricity requirement
** due to the buckling

Checking concrete columns - Eurocode
File Edit Display Window
é Reinforcement bars  Column check

%%ﬂ EE:H [T

B L2

>

S
W

B A

= ] <

Design calculations

RN

M, [khm]

Eurccode
C30/37
Cross-section 40x40
Ab [em?] = 1600.00

B5008
Reinforcement oszlop
As/Ab[%] = 2.45
Stirrup 08;
sw [mm] = 200

Buckling length
B,, = 1.540%L
B,, = 0.500%L

L[m]l= 3.000

X
Eurccode n
Case : Linear, 5T1
foe = 1.000
M [kN] [My [kim] [Mz [kNm]
min/max
-4770.80 0 0
1707.39 0 0
min/max
-1350.00 -343.04 0
-1350.00 343.05 0
min/max
-1350.00 0| -343.04
-1350.00 0| 343.05
C30/37
Cross-section 40x40
Ab [em?] = 1600.00
B5008
Reinforcement oszlop
As/Ab [%] = 2.45
utilization(M-M)
n(e = const.) = 0.855
v
>
Close Cancel
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Software Release Number: X7rla
Date: 15. 02. 2023.

Tested by: InterCAD

File name: Rccolumn3.axs

Thema Axially loaded RC column check according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically linear analysis.

Type

Geometry

Eurocode
C30/37

40.0

B500B
Reinforcement oszlop

Stirrup
sw [mm] = 200
Buckling length
B,y = 1.000%L
B,, = 2.000%L

%) e
ial
Linear analysis Linear analysis
Code [ Eurccode _Code [l Eurocode
Case :5T1 e A—
_ =] E(P) :6.42E-14
E(F) :6.52E-14 E (W) :6.42E-14
E(W) :6.52E-14 E(Eq) : 4.44E-16
E (Eq) : 4.44E-16 Comp. : Mz [kNm]
Comp. : Nx [kN]

Cross-section 40x40
Ab [cmZ] = 1600.00

As/Ab [%]=  1.84

A L[m]=  3.000

-2720.00 40.00
-9 &
Loads Concentrated force Neqd = 2720 kN

Bending moments:
at the top Mzed = 40 kNm
at the bottom Mzed = 40 kKNm

Material Concrete: C30/37, ¢ =2,0
Properties | Steel: B500B

Element Simple 12 DOF beam elements (Euler-Bernoulli beam)
types

Target Calculate eccentricities according to MSZ EN 1992-1
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Results

[cm] Hand calculation AxisVM
[eo] ei e Etot [eo] ei e eot | €%
X-Z Bottom 0 0.75 0** 2* 0.75 0** 2* 0
plane

Middle

0

0.75

1.42

2.17

0.75

1.42

2.17 0

Top

0

0.75

0**

2*

0.75 | O*

2* 0

X-y
plane

%

Bottom 1.47 15 | 3.69 6.66 1.47 15 | 3.69 6.66 0

Middle 1.47 | 0.75 | 2.6** | 4.82 1.47 | 0.75 | 2.6 | 4.82 0
*% *%

Top 1.47 0** 0** 2* 1.47 0** 0** 2* 0

* due to minimal eccentricity requirement
** due to the buckling

B L2

S
o

B A

Checking concrete columns - Eurocode
File Edit Display Window
é Reinforcement bars  Column check

%%ﬂ EE:H [T

* [ N-M Surface ~| NMI= 0

®RE KNI G

<

Design calculations

RN

AL W [N

Eurccode
C30/37
Cross-section 40x40
Ab [em?] = 1600.00

B5008
Reinforcement oszlop
As/Ab[%]=  1.84
Stirrup 08;
sw [mm] = 200

Buckling length
B,, = 1.000%L
B, = 2.000%L

L[m]l= 3.000

Eurccode
Case : Linear, 5T1
foe = 1.000

N [N [My [kNm] [Mz [knm]
min/max

-4378.10 0 o

1280.54 0 0
min/max

-1350.00 -279.43 o

-1350.00 279.43 0

min/max

-1300.00 0| -342.78

-1300.00 0 342.78
C30/37

Cross-section 40x40
Ab [em?] = 1600.00
B5008
Reinforcement oszlop
As/Ab [%] = 1.84
utilization(M-M)
n(e = const.) = 0.928

Close Cancel
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Software Release Number: X7rla
Date: 14. 02. 2023.

Tested by: InterCAD

File name: RCcolumnVT.axs

Thema Shear and torsion check of RC column according to EC2, EN 1992-1-1:2010.
Analysis Materially and geometrically linear analysis.
Type
Geometry
Checking concrete columns - Euracode [H]
Eile Edit Display Window
(& Reinforcement bars | Cotumn check |
B bk B oo [@] 7 G @ ne[ g conacim-fio ]
% Eurocode-H ’
Q €25/30
Q A, [Cmggﬂf-semm 40:220.00
Remfnr:emantasslmzis =16.08 em?)
"I" A_IA, [%]S;rmp _— 0.67
< = [mrrE‘l]u:klmg length =
SR
‘_’A’ Lim] = 4.000
“A
\k
]
L, v
RYUH+ @< >
[ Design calculations | N =
Loads Ned = 1000 kN
Vzeq= 100 kN
Txea=60 KNm
Properties | Concrete: C25/30
Steel: B500B
As1 = As2 =4 P16
Asw = $10/125
¢ =30 mm
0 =45°
Element Simple 12 DOF beam elements (Euler-Bernoulli beam)
types
Target Shear and torsion check
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Results

Hand
calculation

AxisVM

€%

X-Z
plane

VRd,c [kN]

199.1

199.0

<1l

VRd,s [kN]

252.5

252.8

<1l

VRd,max [kN]

1017.0

1018.5

<1

Trdc [kNm]

38.7

38.6

<1

TRd,max [kN m]

177.5

177.5

kr []

0.817

0.817

Ast [mm2]

780

780

Checking concrete columns - Eurocode [H] - [}
File Edit Display Window
By (5 Reinfercementbers  Column check |
g g == [ursTt v | Shesr/torsion check  ~| N[kN]= 0
x
IS x| x| o
Eurocode-H Eurocode-H
Q C25/30 Case : Linear, ST1| A
Cross-section 40x60 f.o = 1.000
_ fie=1000
S} A [em2] = 2400.00 c25/30
B500B Cross-section 40x60
Vagy=16T7KN Vg, =252.8kN 1.0
Reinforcement si (A, =16.08 cm?) _Rdy Rz R A_ [em?] = 2400.00
o AfA, [%] = 0.67 B5008
+ Stirrup 010; Reinforcement s1
a sw [mm] = 125 ALJA [%] = 0.67
Buckling length Utilization(v-T)
@ My = 0.006
» Nyz = 0396
A Myyyz = 0.402
P Nyyer = 2.204
A MhyvzT,mex = 0-437
g g L g 2200
al g
b S Warning
= -+ 7 2
E ° max. Ay = 7.80cm
T.0KN __100.0kN  -60.0kNm 0.817 220 7.80cm?
At @ u @
h=a00 h= 600
v
QR P Qw < >
Design calculations 2, = G Cancel
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Software Release Number: X7rla
Date: 15. 02. 2023.

Tested by: InterCAD

File name: beam2.axs

Top view

Thema Required steel reinforcement of RC plate according to EC2, EN 1992-1-1:2004.
Analysis Linear analysis.
Type
Geometry
4,0
L
Side view
/AS
/ _Ja=s3mm]
H=300 mm
b=1000 mm
Cross-section
Loads Pz = -50 kN point load
Boundary Clamped cantilever plate. Fix line support on clamped edge.
Conditions | Nodal DOF: Plate in X-Y plane
Material Concrete: C25/30
Properties | Steel: B500A
Element Parabolic quadrilateral plate element (heterosis type)
types
Mesh
4,0
Q
-
Clamped
edge
L.
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Target Axt steel reinforcement along x direction at the top of the support

Results

Clamped
edge |ST1, ax(t): 2094 mm?2/m|

Diagram Axr

Calculation according to EC2:

25 500

fy=-—"=166 N/mm*> f,=>—=435 N/mm’
5

g, — Cu'Es _ 085:00035.20000

= = =054
6w -Es+ f,q 0,0035-20000+ 435

d=300-53 =247 mm

X, 439>h
Msd:MRd:b-xc'fcd(d—2)2200 kNm XC:{ - }

E = X _ E =0,22<¢£,,=0,54 Steel reinforcement is yielding
d 247
A = b-x.-f, _55-1000-16,6 _ 2099 mm>
flg 435

Calculation with AxisVM:

Axt = 2094 mm?/m

Different = -0,3 %

ax(t)
[mm=/m]

NEEN

EI SHEEE

2094
1933
1772
1611
1450
1239
1127

966

805

483
322
161
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Software Release Number: X7rla

Date: 20. 02. 2023.

Tested by: InterCAD

File name: 3_10 Plastic biaxial bending interaction.axs

Thema Interaction check of simply supported beam under biaxial bending (EN 1993-1-1).
Analysis Steel Design
Type
Geometry 0z
T adveariivdbereen
X A %
A
4 L g
Qy
M eredadesesiiion
X A ey
A
< ] 3
X 13,5 )
h =270 mm
b =135 mm
tr=10 mm
tw =7 mm
| = 6000 mm
A = 45,95 cm?
Wy,pl = 484,1 cm3
Wazpi= 97 cm3
IPE270 crossE section
Loads Oy = 1,5 KN/m
gz = 20,4 KN/m
Boundary eX=eY=eZ=0atA
Conditions |eY=eZ=0atB
Material S 235
Properties | E = 21000 kN/cm?

v=0,3
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Dunai, L., Horvath, L., Kovacs, N., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az

Exercise 3.10., page 28.

Element Beam element

types

Target Interaction check taking into account plastic resistances
Results Analytical solution in the following book:

Eurocode 3 alapjan, Gyakorlati Gtmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartoszerkezeti tagozata, Budapest, 2009.

AnaIit_icaI AxisVM e[%]
solution

My.ed [KNm] 91.8 91.8 -

Mz.e4 [KNm] 6.75 6.75 -
Moly.rd [KNM] 113.74 113.74 0.00
Mpiz.rd [KNM] 22.78 22.78 0.00

a 2 2 -

B 1 1 -
capacity ratio [-] 0.948 0.948 0.00
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Software Release Number: X7rla
Date: 20. 02. 2023.
Tested by: InterCAD
File name: 3_12 MNV_Interaction.axs
Thema Interaction check of simply supported beam under normal force, bending and shear force.
(EN 1993-1-1, EN 1993-1-5)
Analysis Steel Design
Type
Geometry
Z F: F:
T_2< l i N
h =200 mm
b =200 mm
tr=15 mm
o tw =9 mm
| =1400 mm
A=78,1cm?
Av = 24,83 cm?
ly = 5696 cm3
Wy pi = 643 cm3
50
y ‘ 200,0 g
HEB 200 cross section
Loads F2 = 300 kN at thirds of beam
N =500 kN at B
Boundary eX=eY=ezZ=fiX=0atA
Conditions | eY=ezZ=fiX=0atB
Material S 235
Properties | E = 21000 kN/cm?
v=0,3
Element Beam element
types
Target Interaction check of axial force, shear force and bending moment.
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Results

Analytical solution in the following book:

Dunai, L., Horvath, L., Kovacs, N., Veréci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati Gtmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartoszerkezeti tagozata, Budapest, 2009.

Exercise 3.12., page 31-33.

Analytical

AxisVM

solution results SR
Ned [kN] 500 500 -
Vzed [kN] 300 300 -
My.ed [KNm] 140 140 -
Pure compression
Npi,rd [KN] 2148 2147.6 ~0
capacity ratio [-] 0.233 0.233 -
Pure shear
Vpiz,rd [KN] 394.2 394.5 ~0
capacity ratio [-] 0.761 0.761 -
Pure bending
Mply.rd [KNmM] 176.8 176.7 ~0
capacity ratio [-] 0.792 0.792 -
Interaction check
P 0.273 0.2715 ~0
Mv,rd [KNm] 163.96 163.9 ~0
n 0.233 0.233 -
a 0.232 0.23 ~0
Mnv,rd [KNmM] 142.2 142.2 ~0
capacity ratio [-] 0.985 0.984 ~0
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Software Release Number: X7rla

Date: 20. 02. 2023.

Tested by: InterCAD

File name: 3_15 Kodzpontosan nyomott rud - | szelvény.axs

Thema Buckling resistance of simply supported beam (EN 1993-1-1).
Analysis Steel Design

Type

Geometry

N

ek

h =300 mm
b =250 mm
tr=14 mm
tw =8 mm

| = 4500 mm

A =94 cm?
ly = 19065,8cm*
I,=3647,1 cm*
iy=14,1 cm
iz=6,2cm

=
£
o
o
(9]
v
I
v

o 2

3"::

Q

B e S A U,
o
o
S‘_
o
A 8.0 A
2500
“I” cross section, symmetric about y and z axis
Loads Normal force at point A
Na=-1,0 kN

Boundary eY=0atA
Conditions | eX=eY=eZ=fiX=fiZ=0atB

kz = kw =1

Material S 235

Properties | E =21000 kN / cm?
v=0,3

Element Beam element

types

Target Buckling resistance Nprd = ?
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Results

Analytical solution in the following book:

Dunai, L., Horvath, L., Kovacs, N., Veréci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati Gtmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartoszerkezeti tagozata, Budapest, 2009.

Exercise 3.15., P. 37-39.

Analytical

. AxisVM e[%]
solution
Ay [ 0.673 0.673 ~0
A, [ 0.771 0.769 ~0
Xy [] 0.8004 0.7988 ~0
Xz [] 0.6810 0.6815 ~0
Nb.rd [KN] 1504.3 1505.3 ~0
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Software Release Number: X7rla

Date: 20. 02. 2023.

Tested by: InterCAD

File name: 3_21 Kdzpontosan nyomott rud - T szelvény.axs

Thema Buckling resistance of simply supported beam (EN 1993-1-1).
Analysis Steel Design

Type

Geometry

N

e

3000 mm

WooTTTTTTTT T A

-
16,0

Welded “T” section, symmetric to z but not y

h =180 mm
b =250 mm
tr=16 mm
tw =16 mm

| = 3000 mm

A = 68,8 cm?
ly = 2394,25¢cm*
I;=2089,48 cm*

les= 58,71 cm#
lw=1108,0 cm®

iy=5,90 cm
iz=5,51 cm

Loads Normal force at point A
Na=-1,0 KN

Boundary eZ=eY=0atA
Conditions | eX=eY=ezZ=fiX=0atB

kz = kw =1
Material S 235
Properties | E = 21000 kN/cm?
v=0,3
Element Beam element

types

Target Buckling resistance Nprd = ?
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Results

Analytical solution in the following book:

Dunai, L., Horvath, L., Kovacs, N., Veréci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati Gtmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartoszerkezeti tagozata, Budapest, 2009.

Exercise 3.21., P. 47-49.

AnaIit_icaI AxisVM e[%]
solution

Zs[cm] 49.0 49.0 -
Zw[cm] 4.10 4.03 -1.71
iw [cm] * 9.05 9.03 -0.22

Ay [ 0.542 0.542 -
Xy [-] 0.8204 0.8195 -0.11
Nb,Rrd,1 [KN] 1326,4 1325,0 -0.11

Are [1* 0.667 0.667 -
Xt [] 0.7432 0.7446 +0.19
Nb.rd,2 [KN] 1201.6 1203.9 +0.19

* hidden partial results, Axis does not show them among the steel design results
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Software Release Number: X7rla

Date: 20. 02. 2023.

Tested by: InterCAD

File name: Kilpontosan nyomott rud - RHS szelvény.axs

100,0

RHS 150x100x10,0 cross section (hot rolled)

Topic Buckling of a hollow cross-section beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometry
Z MEd MEd
I M N Nk
X A 5,
A B
< L >
h =150 mm
b =100 mm
tr=10 mm
tw =10 mm
L=4,000 m
A =43,41 cm?
ly =1209,8 cm*
I;=635,7 cm*
iy=52,8 mm
iz=38,3 mm

Weiy = 161,3 cm?
Wez = 127,1 cms3
Whiy = 205,6 cms3
Wi,z = 154,6 cm?

Loads Bending moment at both ends of beam and axial force
NEed,c = 200 kN
Med,A = Medg = 20 KNm

Boundary eX =eY =eZ =0, warping free at A
Conditions | eY =eZ =0, warping free at B

Material S 275
Properties | E =21000 kN / cm?
v=0,3
Element Beam element
types
Steel Buckling length:
Design Ly=L
Parameters | Lo =L
Lw=1L

Target Check for interaction of compression and bending.
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Results Analytical solution:
Section class: 1.

Compression — flexural buckling

T2 El 2
y m“ 21000-1209,8
Kyl 400
2 2
n“El, =“21000-635,7
KzL 400

N iR =A-fy =4341-275=1193 8kN

N

pl 11938
- ~0,8728
Nery  11567,16
_ Npi [11938
hog =] —— = —1,2040
Nerz 182348

)\.y:

imperfection factor based on buckling curve “a” (hot rolled RHS section):

My =977,41kNm

Wy fy  [2056cmS - 27,5kN/cm?
= 0,2405

977,41kNm

lta-(1-02)+2°2
¢:
2
1
N
[2 =2
P\~ -4
2y =0,7516
7, =05275
xy Afy 0527543 41cm? - 27,5kNiem?
! }/1 1,0 !
Bending — lateral torsional buckling
W, f 3 2
ply 'Y 205,6 cm™ -27,5kN/cm
Mpl Rd,y = = =56,54kNm > MEd =10 kNm
! ! ]/1 1,0
Ci=1000  k =ky =1
2
2EL, (%, ) 1, kel
(kL) kw ) 1z nEl,
72 21000 635 7cm* s (400cm)? 80771436, cm
cm? 766cm cm?2
Mg =1,0-
2 4 2 kN 4
(400cm) 635,7cm n° 21000 - 6357 cm
cm
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’TLT >0,2 > torsional buckling may occur

OlL-I— = 0,76

- - 2
l+a, (A, - -02)+4
b= LT VLT LT ~0,5443

=0,9684

M . =17 M ol.Rd, y = 0,9684 - 56,54kNm = 54,76kNm

Interaction of bending and buckling
Npy =A-fy —4341cm? -27.5kN/cm? =1193,8kN

$=1,0
Crmy =06+0,49=10>0,4

calculated according to EN 1993-1-1 Annex B, Table B.2.:

N N
= Ed Ed
Kyy = Cmy {“(ﬂu -0,2)—} <Cpny {1+0,8—}

2y NRi/7m1 2y NRi/7m1

Equivalent uniform moment factors according to EN 1993-1-1 Annex B, Table B.3.:

For members susceptible to torsional deformations the interaction factors may be

200 200
kyy =1041+(0,87-0,2)- <1041+08:
0,7531- 1193,78/1,0

Kyy =min (1,149;1,178)=1,149

0,7531- 1193,78/1,0

01-4, NEd x 0,1 NEd x

Ky =<1— >J1— .
84 C . -025 4

St 798 7z Npylrm mLT

mLT

Nrk/7m1

kzy =max (0,9490;0,9577)=0,9577

Ngg My Ed
+kyy =
2y ‘NRri I7m1 Xy My Rk 7M1
200
1149 _0p426
0,7516-1193,78 0,0684 - 56,54
NEgg My,Ed
+kZy =
2z Npy I7ve My Rk /7M1
200 20
+0,0577-———_0,6674

- 0,5275-1193,78 0,9684 - 56,54

}

o _ |, 0112040 200 P
2y 10-0,25 05275-119378/1.0] | 10-025 05275-1193.78/1,0
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Analytical solution AxisVM e [%]
Nrk = Npi,rd [KN] 1193.8 1193.9 ~0

A1 0.873 0.873 -0

A, [ 1.204 1.205 ~0

Xy [] 0.7516 0.7513 ~0

Xz [] 0.5275 0.5271 ~0

Nb,rd [KN] 629.7 629.23 -0.10
Mec,rd = Mpi,rd [KNM] 56.54 56.54 -
Ci 1.000 1.000 -

Mer [kNm] 977.41 977.4 ~0
A4 [ 0.2405 0.2405 -
Xt [ 0.9684 1.000 -

Mb,rd [kNm] 54.76 56.54 +3.25
Crmy [-] 1.0 1.0 -

Kyy [-] 1.149 1.150 ~0

Kay [-] 0.9577 0.69 -27.95*
Interaction capacity ratio 1 [-] 0.643 0.643 -
Interaction capacity ratio 2 [-] 0.667 0.562 -15.74*
*due to the difference in XLt (see 6.3.2.2 and 6.3.2.3 of EN 1993-1-1)
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Software Release Number: X7rla
Date: 20. 02. 2023.
Tested by: InterCAD
File name: 3_26 Kilpontosan nyomott rud - | szelvény.axs
Thema Lateral torsional buckling of a beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometr
Y ol z
7 T
YV V¥V ¥V ¥ V¥ Y Y VY VY V¥ VYVY Y YVvVY Nx -1
“ e y
X 7%7 -
A B
< L >
Y. Fy Fy
L x | l N
‘—
L/3 L/3 L/3
“+——>
N 2 3 h=171 mm
0’1 b =180 mm
tr=6 mm
tw=9,5mm
L =4,000 m
A =45,26 cm?
Nl R . R ly = 2510,7 cm*
T I=924,6 cm*
iy=74 mm
iz=45 mm
Wel,y = 293,7 cms3
Welz = 102,7 cms3
. Wpl,y =324,9 cms3
oL A Wiz = 156,5 cm?
P
@ lw = 58932 cmd
# 180 « lk=15cm*
HEA180
Loads Axial force at B: Nx = -280 kN
Point load in y direction at the thirds of the beam: Fy = 5 kN
Distributed load in z direction: gz = 4,5 kN/m
Boundary eX =eY =eZ =0, warping free at A
Conditions | eY = eZ =0, warping free at B
Material S 235
Properties | E =21000 kN / cm?
v=0,3
Element Beam element
types
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Steel The elastic critical load factor is:
Design Ocr = 4,28
Parameters | As acr = 4,28 < 15 - |l. order analysis is required.
For this, the beam element needs to be meshed. Divison of the beam element into 4.
Buckling length:
Ly =L
Lz =L
LT buckling length:
Lw =L
Target Buckling check for interaction of axial force and bi-axial bending.
Results
Internal forces from the second order analysis
N [KI] vz [kN] Vy [kN]
0.235 5.053 9.563 G20 GAT3
-9.609 -5.108 -0.241 | £ -6519-5.634 "
-279.953 -278.984
T [kNm] My [KMm] Mz [kMm]
E 5.876
6.5/
0.060  0.043  0.014 601 0.0
0002 X x| T X
-7.3
-9.814
Kereszimetszeti hely Memlinedris - ST1 [2] Anyag 5235
= 1.000 E [NimmZ2] 210000
x[m]= 0 =
il = 0 Szelvény HE 180 A
Ax[mm2] 4526.04
Iy [kM] = -279953 Ay [mm2] 308624 | —p—
Wy [kN] = -G.519 Az [mm?2] 984 54
[11 Wz [kN] = -9.609 Ix [mm*] 1497527
Tx[kNm] = 0.060 Iy [mm#] 28E+07 -
2 My [kNm] = 0 lz[mm#] 92461420
Mz [kNm] = 0.001
Osszhossz 4.000 m

Nedx =280 kKN Medy = 9,81 KNm Medz = 8,88 KNm  Vedy = 6,52 KN Vedz = 9,61 kN
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Analytical solution;
Section class: 1.

Normal force

2 2
7~ Ely  z©21000-2510,7
Nery = - =3252,3kN
’ Ky L 400
72 El,  x221000.924,6
crz= = =1197,7kN
’ K, L 400

N iR =A-fy =45.26-235=1063 6 kN
- Not  [1063,6
A, = = ~0,5719
Y Ngy V32523
[Ny [1063,6
A, = = =0,9424
Z \Ngrz 1197,7

xy =0.8508
27 =0,5741

2y Afy ~ 0,8508- 45,260m2 -23,5kN/Cm2

N =
bRAL " 0
2z Afy 0574145 26cm? - 23 5kN/cm>
NpRd,2 = =
71 1,0
Bending
Wory Ty 3249cm® .23 5kN/em?
"1 |
Wy 2Ty 156,50mS - 23 5kN/em?
MpiRd,z = = 0
1 .

Calculation of the critical moment:

C,=1132 (due to the My moment diagram)

2
2
El |[ K, [P CORT

kW IZ s EIZ

based on buckling curve “b” in y direction and “¢c” in z direction:

=904,92 kN > NEd,X = 280 kN

=610,62kN > NEd,X = 280 kN

=76,35kNm > MEd,y =9,81kNm

=36,78kKNm >M Ed.z =8,88kNm

(400cm)2 924.6cm”

Mgy =174,1kNm

72 . 21000kN/cm? - 924.6cm™

2 21000 kN/cm? - 924,6cm” \/589320m6 (400cm)? -8077 kN/em? - 15cm”
+
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For rolled section, the following procedure may be used to determine the reduction
factor (EN 1993-1-1,Paragraph 6.3.2.3.):

_wyfy  3249cm3 - 235kN/em?
- _ - 0,6622
Moy 174,10kNm

- )
1+a, (A — -0.4)+0.75 1
joLTVAT LT _0 7090
2
_ 1
2T = > —— = 08881
p+o° 0757 1

M =0,8881- 76,35kNm = 67,81kNm

b.Rd - ALT "My Ra.y

Interaction of axial force and bi-axial bending

My,Rk =Mp|,Rd,y 276,35 kNm

Equivalent uniform moment factors according to EN 1993-1-1 Annex B, Table B.3.:

v =0,a=0 in both directions

cC =C =0,95+ 0,05 =0,95 (distributed load)
my mLT

Cmz =090 +0,10c=0,90 (concentrated load)

N N
Kyy = Cy 11+ (2 L02)—Fdx <Cpy 1408 E0X
y xv Np 1y 2y N /7
y Nr/7m1 y Nrk/7m1
280 280
kyy = 0,95 11+ (0,5719-0.2)- <095-1+08-
0,8508 - 1063,6/1,0 0,8508 - 1063,6/1,0

kyy =min (1,0593;1,1851)=1,0593

0.1- ’Iz NEd,x 0,1 NEd,x

) >J1- .
St 792 2. Nre/rwn St ~02 7,

y
NRrk/7m1

o _ |, 010942 280 N 0.1 280
zy 095-0,25 05741-1063,6/1,0| | 095-0,25 05741- 1063,6/1,0

kzy =max (0,9383;0,9345)=0,9383




A Aaxisvm Verification Examples

137

N
— Ed,x
k,; =C . {1+(2-/1Z -0,6)

X Npilrvn
280

NEd,x

e

280

2 Npilvvn

Kz =0,90 {1+ (2-0,9424 - 0,6)

k,, =min (1,4303;1,478)=1,4303
kyz =06k  =08582

<0,90<1+14
0,5741- 1063,6/1,0

0,5741- 1063,6/1,0

=—+0,9383
0,5741-1063,6

10,8881 76,35

NEd,x My,Ed |v'z,Ed
Zy ‘Nrk I7ma Z 1 My rk "M M, Rk /7M1
280 9,81 8,88
=———— 41,0593 ——————— +0,8582- —— =0,6699
0,8508 - 1063,6 0,8881- 76,35 36,78
NEd,x My,Ed Mz,Ed
NI Y VI
Xz "NRk 7M1 Zi1 MyRk 7M1 zZRk 7M1
280 9,81

8,88
+1,4303- ———=0,9396
36,78

}
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Analytical solution AxisVM e [%]
Npi,rd [KN] 1063.6 1063.6 -
Nory [KN] 3252.3 3252.4 -
Nor.z [KN] 1197.7 1197.7 -
Ay, rel [] 0.5719 0.5719 -
Az, rel [] 0.9424 0.9424 -

Xy [] 0.8508 0.8509 -

Xz [] 0.5741 0.5741 -
Mpirdy [KNmM] 76.35 76.34 ~0
Mpirdz [KNmM] 36.78 36.78 ~0

Ci[] 1.132 1.13

Mer [kNm] 174.1 172.99 -0.6
AT, rel [] 0.6622 0.6643 +0.3
Xt [-] 0.8881 0.8871 -0.1
Mb,rd [KNm] 67.81 67.72 -0.1
Cmy = Cmt[] 0.95 0.95 -
Cmz[] 0.90 0.95 +5.5%*
Kyy 1.0593 1.0593 -
Kzz 1.4303 1.5096 +5.5%**
Kyz 0.8582 0.9058 +5.5%**
Kzy 0.9383 0.9383 -
Interaction capacity ratio 1 0.6687 0.6801 +1.7%**
Interaction capacity ratio 2 0.9374 0.9564 +2.0%**

*%

See EC3 Annex B, Table B.3: the difference is due to the fact, that AxisVM calculates
the equivalent uniform moment factor (Cmy, Cmz, Cmct) for both uniform load and
concentrated load, and then takes the higher value. The effect on the final result

(efficiency) is +1~2%.

***  the difference is due to the different Cm; value
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Software Release Number: X7rla

Date: 20. 02. 2023.

Tested by: InterCAD

File name: Double-symmetric | - Class 4.axs

Thema Interaction check of beam in section class 4 (EN 1993-1-1, EN 1993-1-5)
Analysis Steel Design
Type
Geometry
Q:
z
T addiissiddbasiiid N
‘_
X A B
A
< L B
g2 3
h=1124 mm
tw =8 mm
b =320 mm
,,E 8 sl tf = 12 mm
bl B T of T
L =8,000 m
A =164,8 cm?
ly = 326159,4 cm*
Wel,y =5803,6 cm?3
N oy 5 i 4
T #
> > #
Double-symmetric welded | shape
Loads Axial force at B: N ed,c = 700 kN
Distributed load in z direction: gz = 162,5 kNm
The internal forces in the mid-section: Meqdy = 1300 KNm, Nedx = - 700 kN
Boundary eX=eY=ezZ=fiX=0atA
Conditions | eY=eZ=fiX=0atB
Material S 355
Properties | E =21000 kN / cm?
€=0,81
v=0,3
Element Beam element
types
Target Check the strength capacity ratios for axial force, bending and interaction.
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Results

Analytical solution in the following book:

Dunai, L., Horvath, L., Kovacs, N., Veréci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati Gtmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartoszerkezeti tagozata, Budapest, 2009.

Exercise 3.4., P. 14-16.
Exercise 3.6., P. 19-21.
Exercise 3.13., P. 34.

Analytical AxisVM e [%]
solution
Uniform compression
Ko flange [—] 0.43 0.43 -
Ap flange[—] 0.831 0.858 +3.1
Phange[—] 0.931 0.910 -2.3
begre[cm] 140.0 142.0 +1.4
Koweb[—] 4 4 -
Apwebl[—] 2.957 2.975 +0.6
Pweb[—] 0.313 0.311 -0.6
Det web [cm] 340.8 342.4 +0.5
Age[cm?] 99.98 97.46 -2.6
Nese[KN/cm?] [kN] 3549 3460 +2.6
capacity ratio: N 0.2 0.2 -
Uniform bending
Ko flange [—] 0.43 0.43 -
Ap flange[—] 0.831 0.858 +3.1
Phange[—] 0.931 0.910 -2.3
beee[cm] 139.95 142.0 +1.4
Y] -0.969 -0.959 +1.0
Koweb [—] 23.09 22.84 1.1
Apweb [—] 1.231 1.245 +1.1
Pweb [—] 0.739 0.731 1.1
befrweb [cm] 408.6 410.4 +0.4
Wetry minlcm®] 5131 4976 -3.1
M, it ra [KNmM] 1821.5 1766.5 -3.1
capacity ratio: M 0.71 0.74 +4.1
capacity ratio: N — M interaction 0.91 0.94 +3.3

Small differences occur because AxisVM does not take into account welding when

calculating the effective section sizes.
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Software Release Number: X7rla
Date: 20. 02. 2023.

Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.3)
File name: steel_fire.axs

Thema Fire design of steel elements — Unprotected column under axial compression (EN 1993-1-
2)
Analysis Steel Design
Type
Geometry 2
Length: L =3.5m
Section: HE180B
Buckling length coeff. Ky = Kz = 0.5
Loads Axial force at A: Nfied = 495 kN
R30 (ISO fire) required fire resistance
Boundary eX=eY=ezZ=fiz=0atB
Conditions | eX=eY=0atA
Material S275
Properties | E =21000 kN / cm?
v=0,3
Element Beam element
types
Results Analytical solution AxisVM e [%]
6 [°C] 766 767 +0.1
g, [°C] 623 633 +1.6
kg [ 0.624 0.624 -
A/V [1/m] 159 158.9 -
Ko [ 0.714 0.715 +0.1
Ny firg [kN] 193 191 -1.0
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Software Release Number: X7rla
Date: 20. 02. 2023.

Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.6)
File name: steel_fire.axs

Thema Fire design of steel elements — Unrestrained beam (EN 1993-1-2)
Analysis Steel Design
Type
Geometry
gfi,ed = 12.48 KN/m
T
yAN JAN
L=50m
Side view
Section: IPE 300
2
Loads Distributed load: gii,ed = 12.48 kN/m
Boundary eX=zeY=zezZ=fiX=0atA
Conditions | eY=eZ=fiX=0atB
Material S 235
Properties | E =21000 kN / cm?
v=0,3
Element Beam element
types
Target Evaluate the critical temperature.
Results Analytical solution AxisVM e [%]
0, [°Cl 519 519 -
Aire [1/m] 1.222 1.219 -0.2
Xit i [ 0.364 0.366 +0.5
M, firg [KNm] 38.8 38.9 +0.2




A Aaxisvm Verification Examples

143

Software Release Number: X7rla
Date: 01. 03. 2023.
Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.7)

File name: steel_fire.axs

Thema Fire design of steel elements — Unrestrained beam-column (EN 1993-1-2)
Analysis Steel Design
Type
Geometry z
i tidbbyib v bbb bbidd N
X A B
A
4 L B
Length: L= 6.0m
Section IPE 450
2 3

z 5

l v :
Loads Axial force at B: Nfieda = 136.5 kN

Distributed load: gi,ed = 15.89 kN/m
Boundary eX=eY=ez=fix=0atA
Conditions | eY=eZ=fix=0atB
Material S 235
Properties | E =21000 kN / cm?

v=0,3
Element Beam element
types
Target Evaluate the critical temperature.
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Results

Analytical solution AxisVM e [%]
é,, [°C] (no LTB) 595 589 -1.0
6, [°Cl 515 509 -1.2
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Software Release Number: X7rla

Date: 01. 03. 2023.

Tested by: InterCAD

Reference: Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures (Example 5.8)
File name: steel_fire.axs

Thema Fire design of steel elements — Beam-column with restrained lateral displacements (EN
1993-1-2)
Analysis Steel Design
Type
Geometry
\l/""""( 7*\ 800 kN 0L
K ™
\‘;ﬂ IRV \ %30 kNm 50 kNm
NN ! —
b ‘,."il / \ ""Iilv-f
N N
® A
A
- 50 kNm 50 kNm
800 kNt F

(Jean-Marc Franssen, Paulo Villa Real: Fire Design of Steel Structures)

Length: L= 3.0m
Section HE 200B

Loads Axial force: N fied = 800 kN

Bending moment: M ygied = +/-50 KNm
Boundary eX=eY=ez=fiz=0atB
Conditions | eX=eY=0atA

Material S 235
Properties | E =21000 kN / cm?
v=0,3
Element Beam element
types
Results Analytical solution AxisVM e [%]
6., [°C] (with buckling) 552 553 +0.2
K, [ 0.374 0.35 -6.4
Xyii [] 0.871 0.8704 -0.07
Vi fird [KN] 208.2 208.3 +0.05
N fire [KN] 1134 1134.1 ~0.0

6,, [°C] (without buckling;
M+N)

516 517 +0.2
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Software Release Number: X7rla

Date: 01. 03. 2023.

Tested by: InterCAD

Reference: Eurocodes: Background & Applications Structural Fire Design
File name: timber_fire_1.axs

Thema Fire design of timber elements — Unprotected beam (EN 1995-1-2)
Analysis Timber Design
Type
Geometry
—8x1Tm=8m— Section A-A

Finishing 6mm
Topping 60mm
Insulation 40mm
~Boards 50mm

B —
E]
Jﬂ’

o

\

Secondary beam
C24, 120x260mm

A A
+

3
LTI

Main beam
GL24, 160x735mm

Length: L = 8m
Section: 160x735

Loads distributed load: q a4 = 14.76 KN/m
R30 required fire resistance
Boundary eX=eY=eZ=0atB

Conditions | eY=eZ=fiX=0atA

Material GL24h
Properties | E =1150 kN / cm?
v=0,2
Element Beam element
types
Results Analytical solution AxisVM e [%]
der [mm] 28 28 0.0
Omy.di [N/mm?] 13.6 13.6 0.0

fmy.asi [N/mm?] 27.6 27.6 0.0
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Software Release Number: X7rla
Date: 01. 03. 2023.
Tested by: InterCAD

Reference: Eurocodes: Background & Applications Structural Fire Design

File name: timber_fire_2.axs

Thema Fire design of timber elements — Unprotected column (EN 1995-1-2)
Analysis Timber Design
Type
Geometry
N
N
+—8x1m=8m—
4m
A
Dl
4m
vl J.
Loads Concentrated load on the top: Nas = 59 kN
R30 required fire resistance
Boundary eX =eY =eZ =fiZ = 0 at the bottom
Conditions | eX=eY =0 at the top
Material C24
Properties | E =1100 kN / cm?
v=0,2
Element Beam element
types
Results Analytical solution AxisVM e [%)]
der [Mm] 31 31 0.0
Kefi [-] 0.27 0.27 0.0
n[-] 0.86 0.85 -1.0
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Software Release Number: X7rla
Date: 01. 03. 2023.
Tested by: InterCAD

Reference: Eurocodes: Background & Applications Structural Fire Design

File name: timber_fire_2.axs

Thema Fire design of timber elements — Protected column (EN 1995-1-2)
Analysis Timber Design
Type
Geometry
N
N
+—8x1m=8m—
4m
< /_)+
i |
< \
4m
vl J.
Loads Concentrated load on the top: Nas = 59 kN
R60 required fire resistance; protection: 18 mm gypsum board, ta = tch = 36 min
Boundary eX =eY =eZ =fiZ = 0 at the bottom
Conditions | eX =eY =0 at the top
Material C24
Properties | E =1100 kN / cm?
v=0,2
Element Beam element
types
Results Analytical solution AxisVM e [%)]
def [mm] 38.8 38.8 0.0
Kefi [-] 0.2 0.2 0.0
n[-] 1.64 1.66 +1.0
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Software Release Number: X7rla

Date: 01. 03. 2023.
Tested by: InterCAD

File name: Earthquake-01-EC.axs

6,000

3,500

4,000

Thema Earth-quake design using response-spectrum method.
Analysis Linear frequency analysis with 5 modes.

Type Linear static analysis.

Geometry

__________ 1
nl
90,0°
+ . 30,0° 60@:
"""""" 1] LJ /
7,000
Top view
| [ | 1 1 o 1 &
| Nl T ¥ T %
,,,,,,,,,, 7 | [&] n._n
[J | Kl T HJE'—"

Front view
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\AII nodal masses are Mx=My=Mz=100000 kg |

All beams 60x40 cm /
Inertia about vertical axis is multiplied by 1000.
N

ﬁ

\
/X

All columns 60x40 cm
|

X

ﬁ/@

|
N
it

,_,,//H”'ff*< = -
R
| -1
=S
] -
+—{Support C]

All supports are constrained in all directions.
eX=eY=eZ=fiX=fiY=fiZ=0

z

nLo

Perspective view

Section beams: 60x40 cm
Ax=2400 cm2 Ay=2000 cm2 Az=2000 cm2
Ix=751200 cm4 |y=720000 cm2 1z=320000000 cm4

Section columns: 60x40 cm
Ax=2400 cm2 Ay=2000 cm2 Az=2000 cm2
Ix=751200 cm4 ly=720000 cm2 1z=320000 cm4

Loads Nodal masses on eight nodes. Mx=My=Mz=100000 kg
Model self-weight is excluded.
Qa=1
Spectrum for X and Y direction of seismic action:
Tis] Sq 5156 Sa [mis?]
1 0 1,150
2 0,2000 2,156
3 0,6000 2,156
4 1,3000 0,995
5 3,0000 0,300
6 4,0000 0,300
1,150
0,709
0,300
2,0000 sl
Boundary Nodes at the columns bottom ends are constrained in all directions.
Conditions | eX=eY=ezZ=fiX=fiY=fiZ=0
Material C25/30
Properties | E=3050 kN/cm2 v =0,2 p=0
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Element Rib element: Three node straight prismatic beam element. Shear deformation is taken into
types account.
Target Compare the model results with SAP2000 v6.13 results.
The results are combined for all modes and all direction of spectral acceleration.
CQC combination are used for modes in each direction of acceleration.
SRSS combination are used for combination of directions.
Results Period times of first 5 modes

Mode T[s] SAP2000 T[s] AxisVM Difference [%)]
1 0,7450 0,7450 0
2 0,7099 0,7098 +0,01
3 0,3601 0,3601 0
4 0,2314 0,2314 0
5 0,2054 0,2053 +0,05
Modal participating mass ratios in X and Y directions
Mode eX eX Difference eY eY Difference
SAP2000 AxisVM % SAP2000 AxisVM %
1 0,5719 0,5723 +0,07 0,3153 0,3151 -0,06
2 0,3650 0,3647 -0,08 0,4761 0,4764 +0,06
3 0 0 0 0,1261 0,1261 0
4 0,0460 0,0461 +0,22 0,0131 0,0131 0
5 0,0170 0,0170 0 0,0562 0,0561 0
Summ 1,0000 1,0000 0 0,9868 0,9868 0
Internal forces at the bottom end of Column A and Column B
Column A | Column A | Difference | Column B | Column B | Difference
SAP2000 AxisVM % SAP2000 | AxisVM %
Nx [kN] 315,11 315,15 -0,013 557,26 557,29 -0,005
Vy [kN] 280,34 280,34 0 232,88 232,88 0
Vz [kN] 253,49 253,49 0 412,04 412,04 0
Tx [KNm] 34,42 34,41 -0,032 34,47 34,46 -0,029
My [KNm] 625,13 625,12 -0,002 1038,74 1038,73 -0,001
Mz [KNm] 612,31 612,31 0 553,41 553,41 0
Support forces of Support C
Support C Support C Difference
SAP2000 AxisVM %
Rx [kN] 280,34 280,34 0
Ry [kN] 253,49 253,49 0
Rz [kN] 315,11 315,15 -0,013
Rxx [KNm] 625,13 625,12 -0,002
Ryy [KNm] 612,31 612,31 0
Rzz [KNm] 34,42 34,41 +0,029
Displacements of Node D
Node D Node D Difference
SAP2000 AxisVM %
eX [mm] 33,521 33,521 0
eY [mm] 19,944 19,945 -0,005
eZ [mm] 0,229 0,229 0
oX [rad] 0,00133 0,00133 0
oY [rad] 0,00106 0,00106 0
@Z [rad] 0,00257 0,00257 0
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Normal forces:

B L= (A]x]

File Edit ¥iew Define Draw Select Assign Analyze Display Design Options Help
ple(@l || 2|[@ | plelelo|ele| |o|x|x|w =

Fight Click on any Frame Elernent for detalled diagram Hm =

_[&]x]
fle Edit Settings Yew Window Help
D ] 5 Geometry } Elements }Lnaus } Mesh  Static vabremnn ]Bucklmg ]Rc Design ISteaI Design ]
oo |BEE | &-m Kk B W i | TS | T | [ =
% Llnearﬁmalysls& 5,
v| Code 1 Euracode 8w
Q Caze iFR* -3 =l
E(W) :5,3%E-11 el
_,T\: E(F) :9,99E-11 221,80 B
E (Eq) :2,54E-13 e o
Eﬁ Comp. : M [kN] ﬂ e o)
o . o
—y a e
44 =
]
< ///es—m‘ 57
e /
e 80,45 1,15 o
A \ﬁ' i
“ o =2
< . 8115 ¥
s . /(ff—’:
- / ©
& 80,74 g e =
LY 557,29 Ll
oo ]
% ////llm—‘ 0,79
[
22786 L | 4
o d 121 o
Tes: 2
~ \ﬁ
\ -t
\ / -
24168
3 -
.
=1 x] [ dx[m] defm]: 11,512
z ’;dv[m] ’::hz[[“} 21,26
4z[m]: -7, m] -7
V\L_ " dUim]

-1 -
QaauEsand ] ﬂJ
by < R AR SPEN bl
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Bending moments:

L= (A]x]

File Edit Yew Define Draw Select Assign Analyze Display Design Options Help

sl s[@ | olp|e|so|m| w6

Fight Click on any Frame Elernent for detalled diagram Hm =

_1ax]
fle Edit Settings Yew Window Help
D = 5 Geometry }Elamems }Lnaus }Mssh Static vabremnn ]Bucklmg ]Rc Design ISteaIDeslgn ]
o> 2 | BB @'E °|4 I E'::u [t P o [mzmm ]| Diagram =] = = |
% Llnearﬁmalysls&
ode 1 Euracode
Q| S 2l
" E(W) :33%E-11
E(F) :9,3%-11
-’L EEE)qJ : 2,54E-13
ﬁ Comp. t Mz [kHm]
—p
44
Y
N 254,44
4 3
A -
tnl
i 44,19
& 268,14 K
& g
- d y 3
EN [ 8 31,73 ; o
17272 | =] g o 61,63
0,56 T
g 341,20 £ 1850 42 H
E %
. 47,61 345,80 yj},ﬂtl/ 88,02
P -
- o
76,37 176,48 "\, 562 Trges/
386,37 2 )
r~
]
556,67 -1 53,17 563,41 L
493,32 - 8247
612,31 -t
x| [ dxlm]: 5,148 drfm]: 30,293
z 4[m]: 26,897 d a[?]: 75,50
’;dz[m]: -7,500 ’:dh[m]: -7,500

dL[m]: 30,235

"\L_ 550,61 o
X -
QaauEsand | ﬂJ

Click 10 et result values o drag & frame o selsct. Use SHIFT to add elements to the selection | < U s e e
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== %]
File Edit ¥iew Define Draw Select Assign Analyze Display Design Options Help
pl@lal || 2][E | plele|elelm] sulv|x|xlow
1] -0l x]

Fight Click on any Frame Element for detailed diagram Khm =

_[&]x]
Fle Edit Settings Wew Window Help
u Geometr: Elemerts Loads | Mesh  Static |‘ibration Buckline R.C. Design Steel Design
B =] v | =3 | | Buotang | . pesin | |
= EEE = [ty tamy = || iagram =] ﬁ =) = | | ‘
e
[y | e &
)y Code iEur:codg © 4
Q giif) ;;:95'11 [T 655,53 s
,T: E(F) :39,9%E-11 . % o g
E(Eq) : 2,54E-13 T P o o oF
¥ Comp. : My [kNm] wm ['+]
& a8 T 8
i1 g 8 28 55382
< E— 2
< & 10049 |2 -
N a3 o
119,81 [H201 & o
2 al-1-1 2
T [
N 7781 100,453
™ s X
A a4 2 o 8% 5#5“1/ ﬁ‘
& = o i~~~ 362140461155 1
g 8o 3 / 3 g
ty 22,82 120,62 3 X ¥ =3 o
w
n 119,71 47853
& o o 293 45 / \61862%96
oo ] =3 376 ; 1
o0 g
56,81 ©
A 7475)aga e ——— 21546 -3
o 125,99 2l 8 b
2281 2la
Tes h"-’h 5 |
12 E 215,76
198,15
52,06 e
125,76
1663 1038,70
- 12153 1
22831
= 52,07
62512
4
X i - de[m]: 2,551
z 22822 ’7 ’;d ale]: 105,24
i dh[m]: -7.500
4
VJ___ % difm]: 5,551 -
B EHE G x| 1 3

Click o get result values or drag a frame fo select. Use SHIFT to add elements to the selection | < eV S el
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Displacements:
ESAPZ[I[IH - Earthquake-01-EC ;ﬁlﬂ
Dl=|@ 2lE o] sle|B|#|elm e =] e

eformed Shape (SPEC1) -10|

Joint 1D 14

® b z
Tians 33.52126 19.94436 0.22890
Ratn 0,00133 0.00106 0.00257

Fight Click an any joint for displacament waluss

- Start Animatian bt I

N-mm

O Axis¥M 8.0.2.56 - T ification quake-01-EC.ans -8 %]
fle Edit Settings Yew Window Help
D = 5 Geometry }Elamems }Lnaus }Mssh Static vabremnn ]Bucklmg ]Rc Design ISteaIDeslgn ]
= [t P | [eximmy || piagram =] ﬁ = = | |
% £
Lingsr Analysis
C( : Eurocode j
_,T\: aE L\
P ! / \
—p
e ==
=
A
vt
f r_#—#‘i‘/ =
—
p—————a =
g
P Case: [FR+
L~ eX[mm]= 3351 5
an e fmm] = 19,945
oZ [mm] = 0,223
% | 1 [rad] = 0,00133
| 1 [recl] = 000108
12 [rad] = 0,00257
g 39,007 ||
0,00308
B
/ .
. -1
.
-
x| [ dxlm]: o drim]: 0
z 44[m] s 0 daf: o
- d 42wy o 4 ghimi 0
¥. .
« dlm]i o _
aan+sand _ ’

Click 10 et result values o drag & frame o selsct. Use SHIFT to add elements to the selection | < U s e e
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Appendix A
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Software Release Number: X4r3
Date: 07. 02. 2018.
Tested by: InterCAD
Thema Clamped beam with symmetrical nonlinear material model — Theoretical background
Geometry =
~
] il
A i
] 14
y
References | S. Kaliszky Mechanika Il. Tankdnyvkiadd, Budapest, 1990
Equations Material function:
oc=C-&" )
Moment of inertia:
b/2
Jnsr=a f y"tidy (2)
-b/2
Second-order linear differential equation for elastic curve:
d?v M A\
= — 3)
dz? (C ]n+1>
Bending moment:
M(z) =F(-2z) &
Boundary conditions:
dz
z=0;y=0 (6)
Deflection equation based on previous equations (n = 1/2):
g2 (B2 122 2t
y = 2 6 12 @)
(Clny )"
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Software Release Number: X4r3
Date: 07. 02. 2018.
Tested by: InterCAD
Thema Clamped beam with asymmetrical nonlinear material model — Theoretical background
Geometr
Y S1 S2 S3 =
z | xp ! |
~— ol |
| | |
[ . . X
N . | —
i AR R
N i | -
| |y | '
Stress
distribution Gr Gt Gt<Gr
20(x) T?
Cc -Cﬁé é
Equations In the nonlinear zone (S1 section)
B or if zo(x) <z
o(x2) = {O’T —Ex(x)(z — zy(x)) if z < zy(x) 1)
The normal force and the moment equations of equilibrium are given by
Zo
0 =o0rhv — f Ek(x)(z — zo(x))vdz 2
;
Zo
F(£—x)=— J Ex(x)(z — zy)vzdz (3)
_h
2
Solving equations (2) and (3) the nonlinear cross-section and the curvature is obtained by
F(£—x)
=h—-3— "~ 4
20() = h=3— - @)
) 207h
K\X) =
h 2F 2 )
ok [7 " orhv O x)]

The length of the nonlinear zone is obtained from equation (4) under the condition

Zo(xp) = 5

2
orh?v
=f— 6
xp =% oF (6)
The nonlinear zone of the supported cross-section is also obtained from equation (4)
0)=h-3 ukd ©)
%o a orhv

Substituting equation (4) and (5) to equation (1) under the conditions x, = 20 cm and
h . . . .
7= -7 the maximal compressive stress at the supported end is obtained by:

o (ke ~3) = ~Exx) (—%— zo(xc)> ®)
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In the linear zone (S3 section)
The stress distribution is given by

o(x,z) = —Ek(x)z %9
The moment equation of equilibrium is given by
2o

F(£—x)=— f Ex(x)zvzdz 9)
h

2
Solving equation (10) the curvature is obtained by
12F (£ — x)
() = Eh3v
Integrating equations (5) and (11) two times the deflection is obtained by

(11)

L x
e, () = f f K(€)dE dx (12)
00
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Software Release Number: X4r3
Date: 07. 02. 2018.
Tested by: InterCAD

Thema Clamped beam with only compression nonlinear material model — Theoretical background
G t
comety S1 S2 S3 =
z | xp | I
1 = |
b!/‘/ } _x [N
\ | plastic | |
k - I Zohe I I -
| . | '
Stress
distribution X <Xp X=Xp X>Xe
Zo(x
Azt é i
If é
i
!
I
L
I
J_n'
Equations In the nonlinear zone (S1 section)

B 0 if zo(x) <z 1
o(x2) = —Ex(x)(z — z,(x)) if z < zy(x) (1)
The normal force and the moment equations of equilibrium are given by
2o
N = J EK(X)(Z— zo(x))vdz 2
_h
2
Zo
F(£—x)=— J Ex(x)(z — zy)vzdz (3)

h

2
Solving equations (2) and (3) the nonlinear cross-section and the curvature is obtained by

F(£—x)
=h—-3———= 4
2o (x) N 4)
8N3
= 5
K¥) = SE N = 2F @ = 0] ©)
The length of the nonlinear zone is obtained from equation (4) under the condition
zo(xp) = 2
Nh
—p_" 6
xp =74 oF (6)
The nonlinear zone of the supported cross-section is also obtained from equation (4)
F¢
0)=h—-3— 7
20(0) o (7)
Substituting equation (4) and (5) to equation (1) under the conditions x, = 20cm and
h . . . .
z=— the maximal compressive stress at the supported end is obtained by:

o (5o —3) = ~Ex(xo) (—g— zo(xc)> ®)
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In the linear zone (S3 section)
The stress distribution is given by

o(x,z) = —Ek(x)z %9
The moment equation of equilibrium is given by
2o

F(£—x)=— f Ex(x)zvzdz (20)
h

2
Solving equation (9) the curvature is obtained by
12F (£ — x)
() = Eh3v
Integrating equations (5) and (10) two times the deflection is obtained by

(11)

L x
e, () = f f K(€)dE dx (12)
00




