Verification Examples

A

AXISYM

2024



A Axisvm Verification Examples 2

Linear Static ... 4
Supported bar with CONCENrated 10AAS. ........ccviviiicicrciec bbb s 5
Thermally 10aded DAr STTUCIUIE. ..........cueviic b 6
Continously supported beam With POINTI0AAS. .........ccccceuiiiiiiiccec bbb s 7
EXIErNal PreStreSSEA DBAM......c.ovoiiiieceee sttt 10
Periodically supported infinite membrane wall with constant distributed l0ad. ...........cccccooevivicciveiiccccecee, 12
Clamped beam examination with plane Stress elemMENtS..........c.cccciceiii e 14
Spatial frame structure from Basaglia et al.(7 DOF frame)..........cuereirniirniireeesese e 17
Clamped thin SQUANE PIATE..........ccuiueiiieccee bbb bbbttt 19
Plate with fixed support and constant distributed 10ad............ccoerrriiiee s 21
ANNUIGE PIALE. ..ottt bbb bbb bbb Rt b b s e e Attt b s ettt enas 22
All edges simply supported plate with partial distributed 10ad. ........ccccovviriirer e, 24
Clamped plate with linear distributed 108, ...........ccoiirieeee e 26
HEMISPHEre diSPIACEMENL. .......c.iiiece et bbbttt s s e sttt b b as 28
Strip loading on a semi-infinite lastic MEIUM...........cooiiiii 30
Circular loading on a semi-infinite €lastic MEAIUM..........ccccceiiiiiieccee e 32
Rectangular loading on a semi-infinite €lastic MEAIUM...........cccceririi e 34
Rigid foundation on liNear €1astiC SOIl ..............cciiriie e 36
Circular foundation on lINEAr €laStIC SOl .........evvuereiieeeire e 38
STG module: Simulation of progressive CONSrUCHON STAGES ..........cvviireriiiriere e 40
STG module: Simulation of progressive demolition StAgES ..........cccceiiiiicccce e 42
STG module: Simulation of progressive Modification StAgES...........ccoerrieirnierree e 44

Nonlinear Static ..o 46
3D DEAM SHUCKUTE. ..ttt bbbttt b bt s b bbb s e e 47
Plate with fixed end and Dending MOMENL. ...........ociiii e 49
PIASHC MALEFIAL ...ttt s ettt ettt 51
Clamped beam with plastic material under cyclic 10adiNg ...........coceriiirniire e 52
Clamped beam with symmetric nonlinear material MOdEl .............cccoceiiiiiccce e 55
Clamped beam with asymmetric nonlinear material MOl ............ccoeurriiinieie e 57
Clamped beam with only compression material MOGEI ...........coovviirriirceee e 59
PUSNOVET = 2D fTAME......ceiieeieiiee ettt 62
PUSROVET — 3D fTAME......cocvceeieieecce st bbbttt ee ettt b et ns 64

DYNAMIC..........coiice e 67
Deep SiMPlY SUPPOMEA DEAM. .......ovieiieieirss ettt bbbttt s s 68
Clamped thin ThOMDIC PIALE. .........ccuiuiiiiiieecce ettt sttt bbb bbbt 71
Cantilevered thin SQUATE PIALE. .....c.ceuriiieeciees sttt bbbt s e 73
Cantilevered tapered MEMDIANE. .........covviiieieirrrcee ettt bbbt es bt s s s e 76
1 1= o= PP ST ST 79

SEADIIIEY ..........ooceceeeeeeeeeee e eeeseseeeesseseses e s ee e sssssseeeeeeeeeeee 83
Elastically supported rigid €IEMENL. ..ottt 84
Stability of node-Node lINK EIEMENL. ... 85
Simply supported beam (1 SAMPIE) .....c.vivireericieree et 86
Simply supported beam (274 SAMPIE) ........cvvueeireieireiecer e 88
Simply supported beam with monosymmetric cross-section (7 DOF beam) .........ccccvvvvrvccennnnsceccsesse s 89
Simply supported beam with monosymmetric cross-section (7 DOF beam) ..........ccoeurveniincnieneneneseeiens 90
Simply supported beams with variable cross-section (7 DOF beam) .........ccccveeeeniiiieceessrseeeieie e 92
Clamped beams with variable cross-section (7 DOF DEaM).........ccrueuiriirinirireneseesseeses e 94
Plate buckling simply supported rectangular Plate ..o 96
Verification of Euler Buckling shapes (Beam DUCKING) ......c.cviviiririiinniiriereeeese s 98
Verification of Euler Buckling shapes (Lateral torsional buCkling) ...........coeuiveiiiniiniinieseeseeseseeseeeeseis 103
Verification of Euler Buckling shapes (Plate bUCKING).........corieuriieirirecsceseee s 109

DESIGN ... 114
N-M interaction curve of cross-section (EN 1992-1-1:2004)..........ccoueeirriininseseeseese s 115
RC beam deflection according to EC2, EN 1992-1-1:2010. .....covuevrirrieriericeseeseee s 116
RC one-way slab deflection according to EC2, EN 1992-1-1:2010. ......c.ooiuiirieiniriinieeseiseeee e 118

Nonlinear analysis of RC columns according to EC2, EN 1992-1-1:2010. ......cccoriirriienierrerreesesseeeenes 120



A Aaxisvm Verification Examples 3

Axially loaded RC column check according to EC2, EN 1992-1-1:2010.........ceriuriirriirirerereseeiseseeeseisneesenas 122
Axially loaded RC column check according to EC2, EN 1992-1-1:2010........cccceviiiiciceeeece e, 124
Shear and torsion check of RC column according to EC2, EN 1992-1-1:2010. .....c.ooovvvrvieerrreeeceee s 126
Required steel reinforcement of RC plate according to EC2, EN 1992-1-1:2004............ccooovieeeeii e 128
Interaction check of simply supported beam under biaxial bending (EN 1993-1-1)........cccoviiiice 130
Interaction check of simply supported beam under normal force, bending and shear force. ..o, 132
Buckling resistance of simply supported beam (EN 1993-1-1). ..ot 134
Buckling resistance of simply supported beam (EN 1993-1-1). ... 136
Buckling of a hollow cross-section beam (EN 1993-1-1). ..ot 138
Lateral torsional buckling of @ beam (EN 1993-1-1). ... 142
Interaction check of beam in section class 4 (EN 1993-1-1, EN 1993-1-5) ..., 148
Interaction check of class 4 box-section beam (EN 1993-1-1, EN 1993-1-5) ......ccovvviiiiieiiccceeesreecv, 150
Fire design of steel elements — Unprotected column under axial compression (EN 1993-1-2) .........cccoeovvviivininnen. 152
Fire design of steel elements — Unrestrained beam (EN 1993-1-2)........cccocveiiiiiiiicisicceee s 153
Fire design of steel elements — Unrestrained beam-column (EN 1993-1-2) ..o, 154
Fire design of steel elements — Beam-column with restrained lateral displacements (EN 1993-1-2) ...........ccccucu... 156
Fire design of timber elements — Unprotected beam (EN 1995-1-2) ......cccceiiiiiiiecee et 157
Fire design of timber elements — Unprotected column (EN 1995-1-2).......c.coiiniinieieeeeeesesne 158
Fire design of timber elements — Protected column (EN 1995-1-2).......cccieiiiiiiiiceee et 159
Earth-quake design using response-spectrum MEthOd. ........ccccciviiciener s 160
APPENAIX A ... e 168
Clamped beam with symmetrical nonlinear material model — Theoretical background............cccovievnirnncinininnne. 169
Clamped beam with asymmetrical nonlinear material model — Theoretical background..............cccococeeeenirinnenee. 170

Clamped beam with only compression nonlinear material model — Theoretical background .............cccccoeevivininee. 172



A Aaxisvm Verification Examples

Linear static




A Aaxisvm Verification Examples

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
2
14
AN
Target R1, Rs support forces
Results
Theory AxisVM Y%
R4 [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 1,0m | 10m |
T
& E & L=2,0m
z L
X T """
P E-I=w
Side view

Sections:

Steel:  As=m 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, Os = 1,2 x 105 °C1
Properties

Copper: Ec = 11040 kN /cm?2,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

Results

Thema Continously supported beam with point loads.
Analysis Linear analysis.
Type
Geometry
Side view
(Section width = 1,00 m, height: = 0,30 m, height2 = 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?2
Properties | v=0,3
Element Rib element: Three node beam element. Shear deformation is taken into account.
types
Target ez, My, Vz, R
Results

Sog

Diagram e;

3307

£315

Diagram My
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PSHNNNR . S U S N S S N A N AN N
N ¢
&
Diagram V:
yad | | 8 | . | 2| | 1 |
QT TT 7 | | | }
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
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Reference AxisVM e [%]
Results

VA [KN] 0.00 0.09 0.00
Vi [KN] 112.10 113.09 0.88
Vc [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?] 2245 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
: Il i'L [0’6 m
| | l— e
. | 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?1,= 0,2E-5 m*
Beam 1-4 A = 1,516E-2 m?|,= 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
My max 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
My [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 [
X
[
i 2 : I
. 2m

| 4] S

[ 04m

| hr 4

; 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 FAN AN
T TTT

Target Sxx at 1-10 nodes (1-5 at middle, 6-10 at support)
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Dr. Bélcskey Elemér — Dr. Orosz Arpad:
Vasbeton szerkezetek Faltartok, Lemezek, Tarolék

13
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:
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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 i V
0,375 m 5,625 m |
| 6,0 m |
Side view

Loads p =-25 kN/m

Boundary Both ends built-in. Line support component stiffness: 1E+10.
Conditions | Symmetry edge — Nodal DOF: (CCfC CC)

Material E =880 kN / cm?
Properties | v=0
Element Parabolic quadrilateral membrane (plane stress)
types
Mesh
| 0,375 .

NN ..
eage

-

3,000

Side view

"0,250

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=025 m

I, =0,00260416 m*

_ V.S, 65,625-0,0078125

y = = =787,5 kN/m?
b-1,  0,25-0,00260416

T

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 Fincaoes s

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 | &
—
=
Q
o
_— h L Tt
| 4,0 m |
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 | pitf' (%] |Diff* [%]
1 2x2_| 0,402 0420 | 448 | 10,53
4x4 | 0416 0,369 | -11,30 | -2,89
8x8 | 0,394 0,38 0381 | -330 | 0,26
12x12 | 0,387 0383 | -1,03 | 0,79
16x16 | 0,385 0383 | -052 | 0,79

albhlw|dN

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

Convergency

10,00 !\

5,00 \ \

= u ——t— Diff1 [%]

\
0,00 1 \ T N 2 U 3 ! - i Diff2 [%]
. \\\-\_7/./‘/__t
[ N

-15,00

Displacements

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 £
e o
{ <
- . , T
§ 8,0m |
Top view
(thickness = 15,0 cm)
Loads P=-5kN/m?
Boundary eX=eY =ezZ=fiX=fiY =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 ]
Il ] L LIL 1]
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 AXisVM
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 %
My, max [KNM/m] 7,24 7,34 1,38
My, max [KNM/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




A Aaxisvm Verification Examples

26

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 | &
—
£
(=]
S
-_— \ iy
| 10,0 m |
Top view
(thickness = 22,0 cm)
Loads Distributed load: g = -10 kN / m?2
Boundary eX =eY =eZ =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 Mx, My
Results
Results Theory AxisVM %
m, 4 [KNm/m] 11,50 11,48 -0,17
m, [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




28

A Aaxisvm Verification Examples

Software Release Number: X7rla

Date: 06. 02. 2023.
Tested by: InterCAD

File name: hemisphere.axs

avaTATa N
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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

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

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 @w=
\ AxisVM [kN/m2]
800,00 |
= 600,00 N\,
€ N
Z 400,00
=,
Y 200,00
0,00
0 2 4 6 8 10

Depth[m]
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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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Results

100,00
90,00
80,00
70,00
60,00

='50,00

< 40,00

=2

230,00

A
20,00
10,00

0,00

x
Szz
[kh/m?1]

1.07
-3.86
-8.79

-13.71
-18.64
-23.57
-28.49
-33.42
-38.35
-43.27
-48.20
=E T
-58.05
-62.98
-67.91
-72.83
~77.76
-82.68
-87.61
-92.54
-97.46
-102.39

NEEEN’

EI SHANEEENR

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

—@— Theory [kN/m2]
—@— AxisVM [kN/m2]

1,00

2,00

3,00

4,00

5,00 6,00

z-depth[m]

7,00

8,00 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 \\\ AxisVM [kN/m2]
30,00
25,00
< 20,00
£
‘ZiN 15,00 \
4" 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]
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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

eZ

[mm]

NEEEEN

6.920
3.647
0.375
-2.898
-6.171
-0.443

-12.716
-15.989
-19.261
-22.534
-25.807
-29.079
-32.352
-35.625
-38.897
-42.170

E ST

-45.443
-48.715
-51.988
-55.261
-58.533
-61.806
-65.079
-68.351
-71.624
-74.896
-78.169
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Software Release Number: X8r1
Software Release Number: X8r1
Date: 24. 03. 2024.

Tested by: InterCAD

File name: construction.axs

Thema STG module: Simulation of progressive construction stages
Analysis Linear analysis.
Type
Geometry  [[Ti-ioad | [2-t0ad ]
,,,,, T R
B:
ex=ey=ez=0
fx=fy=fz=0
L
Stages ]
3 @ w0000
000 =
Loads L1 = 20,44 kN; L2 = -40,00 kKN/m?
Boundary Displacement: ex=ey=e;=0atA,Band C
Conditions  |Rotation: fx=fy=f,=0at A, Band C
Materia_l Steel: E = 205000 N/mm?, v = 0,3 for C111-C222 and B11-B24
Properties  |Concrete: E = 31500 N/mm?, v = 0,3 for S1-S3
Cross- HEB220: Ax = 8826,00 mm?; Ix = 639896,8 mm*; ly= 7,8655E+7 mm*; I, = 2,8408E+7 mm*
Section for C111-C222
Properties  IPE400: Ax = 8067,80 mm?; Ix = 368263,3 mm?; ly= 2,1876E+8 mm?*; I, = 1,3142E+7 mm*for
B11-B24
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Element Beam for C111-C222; Rib for B11-B24; Shell for S1-S3
types
Target RP1 of C111: Ryy in STG4; RP2 of B13: My in STG4; RP3 of SP1: e; and my in STG4; RP4
of C222: ex and Nx in STG4
Results : Stage: STG4
Reference point Parameter
AXSIVM ABAQUS Deviation
RP1-C111 Ryy (KNm) 33.22 33.04 0.56%
RP2 - B13 M, (kNm) -67.36 -67.32 0.05%
ez = . = . . 9
RP3 - SP1 (mm) 13.88 13.56 2.29%
my (Nmm/mm) -70429.70 -69603.00 1.17%
X 25.18 25.01 0.68%
RP4 - C222 € (mm) >
Nx (kN) -376.73 -376.77 -0.01%
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Software Release Number: X8r1
Software Release Number: X8r1
Date: 24. 03. 2024.

Tested by: InterCAD

File name: demolition.axs

Thema STG module: Simulation of progressive demolition stages
Analysis Linear analysis.
Type
Geometry [[L1-load | \7Fa] (52 [ L2-l0ad |
[B22] } = B21] - [PZ=-40,00 kKN/m?
| - = +7,500 \
f/,:;‘ - ;.7 200
== ‘:::zz PZ=-40,00 KN/m?
=
B:
ex=ey=ez=0
fx=fy=fz=0
@ W 0,000 [
: NS
= “o 0 -
L 8000 = = S;:=ey=ez=0 L 500
—— =fy=fz=0 ——
Stages
+7.500
N +7.200
1 +4,050
{3750
[s3]
B: B:
arcneny O sy
— | @ w0000 —
\Qg — \
- “o 0% -

1 6,000 - C .2 6000 :
ex=ey=ez=0 ex=ey=ez=0
|~ fx=fy=fz=0 o — fx=fy=fz=0
STG3

P2
5

e>;=ey=ez=0
fx=fy=fz=0
=
=
L L [+
ex=ey=ez=0
! g fx=fy=fz=0

Loads L1 = 20,44 kN; L2 = -40,00 kN/m?

Boundary Displacement: ex=ey=e;=0atA,Band C
Conditions  |Rotation: fx=fy=f,=0at A, Band C

Material Steel: E = 205000 N/mm?2, v = 0,3 for C111-C222 and B11-B24

Properties  |Concrete: E = 31500 N/mm?2, v = 0,3 for S1-S3

Cross- HEB220: Ax = 8826,00 mm?; Ix = 639896,8 mm*; ly= 7,8655E+7 mm*; I, = 2,8408E+7 mm*
Section for C111-C222

Properties  IPE400: Ax = 8067,80 mm?; Ix = 368263,3 mm?; ly= 2,1876E+8 mm?*; I, = 1,3142E+7 mm*for
B11-B24
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Element Beam for C111-C222; Rib for B11-B24; Shell for S1-S3
types
Target RP1 of C111: Ryy in STG4; RP2 of B13: My in STG4; RP3 of SP1: e; and my in STG4; RP4
of C222: ex and Nx in STG4
Results : Stage: STG4
Reference point Parameter
AXSIVM ABAQUS Deviation
RP1-C111 Ryy (KNm) 5.64 5.47 3.07%
RP2 - B13 M, (kNm) -71.20 -72.38 -1.66%
ez = . = . . 9
RP3 - SP1 (mm) 13.39 13.08 2.29%
my (Nmm/mm) -70941.06 -69864.00 1.52%
X 14.52 14.26 1.80%
RP4 - C222 € (mm) ”
Nx (kN) 11.81 11.74 0.58%
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Software Release Number: X8r1
Software Release Number: X8r1
Date: 24. 03. 2024.

Tested by: InterCAD

File name: modification.axs

Thema STG module: Simulation of progressive modification stages

Analysis Linear analysis.

Type

Geometry [L1-10ad ] 2] (*P) o |LL2-toad | s2] [RPa

[PZ=-40,00 KN/m?]

+7.500 — +7.500
gy +7.200 e +7,200
— 1
[c122] [c122]
[ci22]
+4,050 +4,050
t 43750 g +3750
— c222 C222
s3] [s3]
B: B: =
ex=ey=ez=0 ex=ey=ez=0 —
fx=fy=fz=0 © w000 Dhizn0 @ w0000
. ~ -
o “o0° e 60
L 6,000 ——e C: L 6.000 - C:
ex=ey=ez=0 ex=ey=ez=0
o — =fy=fz=0 A fx=fy=fz=0
Stages e

B:
ex=ey=ez=0
fx=fy=fz=0

C:
ex=ey=ez=0
fx=fy=fz=0

B:
ex=ey=ez=0
fx=fy=fz=0

B:
ex=ey=ez=0
fx=fy=fz=0

@ w0000
e =1 S e “o0®
i fx=fy=fz=0 et fx=fy=fz=0
Loads L1 = 20,44 kN; L2 = -40,00 kKN/m?
Boundary Displacement: ex=ey=e;=0at A, Band C in STG1-STG4
Conditions  |Rotation: fx=fy=f,=0at A, Band Cin STG1-STG4 andf;=0at Ain STG4
Material Steel: E = 205000 N/mm?, v = 0,3 for C111-C222 and B11-B24
Properties  |Concrete: E = 31500 N/mm?, v = 0,3 for S1-S3
Cross- HEB220: Ax = 8826,00 mm?; Ix = 639896,8 mm*; ly= 7,8655E+7 mm*; I, = 2,8408E+7 mm*
Section for C211-C222 in STG1-STG4

Properties  HEB260: Ax = 11600,00 mm?; Ix = 1059414,0 mm#; ly= 1,4666E+8 mm*; I, = 5,2747E+7 mm*
for C111in STG2
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HEB160: Ax = 5232,00 mm?; Ix = 251289,2 mm*; ly= 2,4136E+7 mm#; |, = 8880384,0 mm*for
C111in STG3-STG4
IPE400: Ax = 8067,80 mm?; Ix = 368263,3 mm?; Iy= 2,1876E+8 mm*; |, = 1,3142E+7 mm*for
B11-B24 in STG1-STG4
Element Beam for C111-C222; Rib for B11-B24; Shell for S1-S3
types
Target RP1 of C111: Ryy and Nx in STG4; RP2 of B13: My in STG4; RP3 of SP1: e; and my in
STG4; RP4 of C222: ex and Nx in STG4
Results : Stage: STG4
Reference point Parameter —
AXSIVM ABAQUS Deviation
Ryy (kNm . . .00
RP1 - C111 yy (kNm) 0.00 0.00 0.00%
Ny (kN) -658.25 -657.07 0.18%
RP2 - B13 M, (kNm) -57.58 -58.88 -2.27%
e; (mm -14. -14. .69
RP3 - SP1 ( ) 14.38 14.14 1.69%
my (Nmm/mm) -69521.58 -68628.10 1.29%
X 84 57 .482
RPA - €222 ex (mm) 5.8 5.5 4.48%
Ny (kN) -365.98 -365.53 0.12%
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Nonlinear static

Software Release Number: X4rl
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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
ETTIN A
P \\ //
= /
E
]
F,=-600,00 kN
L E ~
T 2 / AN
T . 3
- \\ ) L 1,732m 3,000m 1,732 m
o X *
C \
E
s/ \
g / \x
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=112.56cm?; 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 [kKNm] 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
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Target

¢z at Edge2

Results

12,0 m

Lx
Theoretical results based on the differential equation of the flexible beam:
oM s
I PlateEplate -, = " plate
(/) =K 'g I plateEp|a[e
z plate
3 3
| orare = ﬂ = % =2.8125-10"*
12 12
E piae = 2-10° N/m?
¢ plate — 12m
M =2.6-10° Nm
6
2610712 _ g 5467 rad

1 = 5812510 % -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
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: [AXxisi,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
\I,FZ
Z Nx
2 e
, 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=fivy=fiz=0atA
Conditions
Material Steel oTNimm]
Properties E = 100000 kN/cm?2; Et = 1000 kN/cmZ; 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/n'tz_l Beam/Rib element matnl_01_beam-rib_NLE.axs, matnl_01_beam-rib_VM.axs
es/ File
r?rfme 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 oalkNem?] | [%] | | oa[kNiem?] | [%]

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

¥F§$bra“e 49,87 -0,26 48,24 -3,52
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o/
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
’ ;420cm
z - Fz ‘
J EC 2 \L 20 —=
A B em ¥
. 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)

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 ISl %
b kNiemy | 2
Analytical 4,98
Beam 5,03 1,20
Rib 4,90 -1,81
Shell 5,01 0,60
3
245
E
E 2
< - - = Analytical S
E15 : -~
o Axis beam NLE ,..-*"f
L)
o — — Auis shell BP -
& -
o -
-
05 -
-
e
p ="
1] 02 04 04 0.8

Effective plastic strain of Beam and shell (top) with NLE material
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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?; — = — 4'E-T el
Gyt = 0,016 N/mm2; Gyc = 16 N/mm?;
Cys = 1,2 (Bresler-Pister);
v =0;
-18,000
tEIeme/n'tz_l Beam/Rib element matnl_03_beam-rib_NLE.axs, matnl_03_beam-rib_BP.axs
es / File
nyrfme 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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Load parameter

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

60
Results Analytical background: Appendix A,
Yield criterion Strat|)n energy Bresler Pister
ased
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 Stratl)n energy Bresler Pister
ased
Type of element I i % SE T %
b 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
0.5
0,45 27
0.4 =’ -
' =
£ 0,35 o
E & -~
= 023 -
£ 0,25 — - — Analytical
o - i
& 02 _ P Axis beam MLE
[+ -
é‘_fa D15 _ - —_— — Axis shell BP
-~
0,1
0,05 - -t
0 ="
0 0.2 0.4 08
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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 X
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
e 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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Displacement [mm]

moment resistance: 2500 KNm initially, then 2000 kNm
no hardening, relaxed loss of strength
e infinite rotation capacity
Pushover hinge function
M[kNm] 2500.00
f N
h 2000.00
$irad
w
\
"""""""""""""""""""""""" -2500.00
Target Pushover analysis
Comparison with SAP 2000 results
Results —
X direction ~=~SAP 2000 ——Axis VM
6000
5000 - /»v,%
Z 4000 i i 1-4/"‘""’“
@
@ 3000
w
]
32000 —f
1000 /
0 < T T T
0 50 100 150 200 250 300 350 400
Displacement [mm]
Results —
Y direction ~—-SAP 2000 —Axis VM
6000
e "‘.“[ _
5000 — I
i 4000 — =
E -
2 3000 ,
w
B ,
3 2000 -
1000 /-
0 T T
0 50 100 150 200 250 300
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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: dynam1.axs
Thema Deep simply supported beam.
Analysis Vibration analysis.
Type
Geometry
QK
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=ezZ=fiX=0atA
Conditions |eY=eZ=0atB
Material E = 20000 kN / cm?
Properties | v=0,3
p = 8000 kg / m3
Element Rib element: Three node beam element (shear deformation is taken into account)
types
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
£
C)-.
=
i 10,0 m i
Top view
(thickness = 5,0 cm)
Loads Self-weight
Boundary eX =eY =ezZ =fiX =fiY =fiZ = 0 along y-axis
Conditions
Material E = 20000 kN / cm?2
Properties | v=0,3
p =8000 kg / m?3
Element Parabolic quadrilateral shell element (heterosis type).
types
Mesh
Clamped g
edge
10,000
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Target

First 5 mode shapes

Results

10,000

10,000

Mode 1: f=0,42 Hz

Mode 3: f= 2,53 Hz

Mode 5: f = 3,68 Hz

10,000

10,000
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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

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

5,000

10,000




A Aaxisvm Verification Examples

10,000

Mode 2: f = 128,60 Hz

77
Target First 4 mode shapes
Results
1,00(
5,000
10,000
L
Mode 1: f = 44,50 Hz
ol | I~ ] o
(=) o
(=3 (=3
e} ~
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L,

" 5,000

" 5,000

1,000

10,000

Mode 3: f = 162,48 Hz

1,000

10,000

Mode 4: f = 241,46 Hz

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: X4rl
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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
£ i :
o i :
"I- s . SN
X ' 1sm + 15m ¢ 1sm ! 10m 1 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=125E-5 m*
Element Rib element: Three node beam element (shear deformation is taken into account)
types
Mesh
1,000 . 0,500 4,500
aVan
; .
1,500 1,500 1,500 1,000 0,500 :
L.
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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
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Software Release Number: X8rla
Date: 23. 08. 2024.

Tested by: InterCAD

File name: buckling_rigid1.axs

x
Buckling analysis

Code B Eurccode
Case = Sl

Mode 11

o : 25.000
Error 1 6.76E-20
Iterations : 3

Comp. e

AXisVM result: Fer = 25 kN.

Analytical solution: F,,. = Y — 25kN.

h
Difference: 0%.

Thema Elastically supported rigid element.
Analysis Buckling analysis.
Type
Geometry
FCT‘
B A\ 4
o
h 8
e
1 k, ’
V7774 -
Schematic diagram AxisVM model
Loads Load at the top of the model, 1 kN.
Boundary ke=100kNm/rad.
Conditions
Element Rigid element with support springs.
types
Target Fer=7
Results
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Software Release Number: X8rla
Date: 23. 08. 2024.

Tested by: InterCAD

File name: buckling_rigid2.axs

X

Buckling analysis
Code H Eurocode
Case :5T1
Mode r1
o, : 100.000
Error + 5.00E-3
Iterations : 2
Comp.  :eY

AxisVM result: Fer = 100 kN.
Analytical solution: F,,. = ¢ = 100 kN.

h
Difference: 0%.

Thema Stability of node-node link element.
Analysis Buckling analysis.
Type
Geometry
FCT‘
ooy SE—
h/2
o
+ Q) k S ‘
@k 3
h/2
P __’1
Schematic diagram AxisVM model
Loads Load at the top of the model, 1 kN.
Boundary ke=100kNm/rad.
Conditions
Element Rigid element with support springs.
types
Target Fer=7
Results
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Software Release Number: X7rla
Date: 06. 02. 2023.

Tested by: InterCAD

File name: bucklingl.axs

Thema Simply supported beam (15t sample)
Analysis Buckling analysis.
Type
Geometry
M A M B
I I
: L=2,0 m !
Front view
3\__
D_
e
3\___
Cross section(I:=168,3 cm*, 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

Analytical solution

Mcrzﬂz.LEz.lz \/Ii+ L2-G.-It

=12451 kNcm=124,51 kNm

cr

_ 7%-20600-168,3 (16667 N 200%-7923-12,18
2007 168,3 z*-20600-168,3

AXxisVM result
cr = 125,3 kNm
Difference

+0,6%
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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*, 1:=21,8 cm?, Iw=420623 cm®, (3,=-28,8 cm)
Loads Bending moment at both ends of beam
Ma= 1,0 kNm, Mg = 1,0 kNm
Boundary eX=zeY=zeZ=@pX=@Y=@Z=0atA
Conditions |eX=eY=zeZ=¢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,

=—4.00

Axonometric view of shell element with eccentric load

11.0

i / i
118

Cross section SWEDSTEEL Z400X4

Loads Eccentric load at midspan
F=1,0kN
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 Mcr = ? (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: X8rla
Date: 27. 06. 2024.
Tested by: InterCAD
File names: variable_simplysupported_7dof.axs, variable_simplysupported_shell.axs
Thema Simply supported beams with variable cross-section (7 DOF beam)
Analysis Buckling analysis.
Type
Geometry Andrade, Camotim (2005). “Lateral-Torsional Buckling of Singly Symmetric
Tapered Beams: Theory and Applications.” Journal of Engineering Mechanics
ASCE:
b E=200GPa
+—t G=71.2GPa
i ey 1=6096 mm
ahmm F‘ﬁ’% x _q-t-h’ }3 b=152.4mm
S — |, Y ty=12.7mm
Ty i =1 Rpay=609.6 mm
‘ IQ | ¥z 1e=9.5mm
/2 12 ae [0.3,1.0]

[2ge
Ly
bge
2 bpe

7
[=ge
(6]
e

e
e

-

Axonometric view of shell elements with eccentric load

20=00r =l /2

Axonometric view of beam elements with eccentric load

175w




A Aaxisvm Verification Examples

93
Loads Eccentric load at midspan
F=1,0kN

Boundary eY=eZ=¢pX=0atA
Conditions | eX=eY=eZ=¢pX=0atB

Material E = 21000 kN / cm?
Properties | v=0,0
Element 14 DOF warping beam element
types
Target o = ? (for lateral torsional buckling)
Results 150
130
= 110
=
u® 90
70
50
0,3 0,4 0,5 0,6 0,7 0,8

Loaded at the top, 7DoF, X8

Loaded at the centre, 7DoF, X8
= = = loaded at the top, 7DoF, X7 = = =Lloaded at the centre, 7DoF, X7

e e o o |0aded at the top, shell e @ @ o |0aded at the centre, shell
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Software Release Number: X8rla

Date: 27. 06. 2024.

Tested by: InterCAD

File names: variable_clamped_7dof.axs, variable _clamped_shell.axs

Thema Clamped beams with variable cross-section (7 DOF beam)
Analysis Buckling analysis.
Type
Geometry Andrade, Camotim (2005). “Lateral-Torsional Buckling of Singly Symmetric
Tapered Beams: Theory and Applications.” Journal of Engineering Mechanics
ASCE:
bygs
0 1
-] rf-*
4 1 x  Chmal2
s B v,
g i
! L
z b

z
E=210GPa v=03 bs=100mm b;=180mm tr=ts=10mm (,~8mm
Amx=600mm  @=10r0.5 3.0m<I<6.0m zp=—Chma/2

Axonometric view of beam elements with eccentric load

Axonometric view of shell elements with eccentric load
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Loads Eccentric load at midspan
F=10kN
Boundary eX=eY=eZ=@pX=9Y=¢@pZ=w=0 atA
Conditions | eX=eY=eZ=¢pX=@Y=¢9Z=w=0 atB
Material E = 21000 kN / cm?
Properties | v=0,0
Element 14 DOF warping beam element
types
Target Fer = ? (for lateral torsional buckling)
Results 60
551
50 [N
45
= 40
= 35
w30
25
20
15
10
3 3,5 4 4,5 5 5,5 6
Length [m]

= = —=7DOF, X7 e 7D0F, X8 ® o e e Shell
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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=9Y=¢Z=0 at x,y=(0,0)
eX=eZ= pX=pY=¢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
7
2 I G
5] | —
) =] i
g | =
5 o
- H -
& :
& E i
o, ! |
. S,§ | If'-.-.\‘
# ; #
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
& —
[ 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 (15 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
5 @ -
45 = “-0 -
g o
.
~~
3,5 (0] -
\
: o
E 25 ?
: ]
”~
”~
15 _ Vo)
~ -~
1 o
0,5 _0~ -
O & -
0,0000 0,0500 0,1000 0,1500 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
c
3 S A.) B.) C.) D.) o o
e = max. amplitude max. amplitude Shell e S o
C . . — S~ = S
= Q9 scaled to AxisVM scaled to AxisVM > s
i (Beam) (hell) Beam | jnestigated [ &£ < | &£ @
o N (7DOF)  |in the neutral o o
o Asin(nmz/L) Asin(nmz/L) ]
with n=1; A=0,318 | with n=1;A=0,317 s
z eY eY eY eY
[%] [%]
[m] [-] [-] [-] [-]
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)

Beam-model (7DOF) Shell-model
X
] eY
Buckling analysis i
Code =Eurocode-H N s
Case 1 ST1 | e
Mode 15 B 0'101 : %
Aer 1 442,293 | T Bucl-cllng_analysm
Error 1 1,56E-13 ! Code == Eurccode-H
Iterations : 15 e Case 1 5T1
: 0,014 Mod =
Comp. r ey Do ode :
Max 10,159 ’ O : 430,059
Min : -0,159 T Error { 1,17E-5
H -0,072 Iterations : 30
. -0,101 Comp. L ey
n -0,130 Max : 0,161
7 0,159 Min :-0,161
Z
12

S 18

Eigenshapes

5@
-~
o 1945 A.) Analytical
/7 ' solution -
@o amplitude scaled to
4 AxisVM - Beam
7DOF
3,5
@ = = B,) Analytical
e 3 solution -
\@_ amplitude scaled to
E e . AxisVM - Shell
]
©
2 @ ® C.)Result of
@ AxisVM - Beam
15 ‘i) (7DOF)
1 o
/0 O D.)Result of
05 @ AxisVM Shell
@
~
0@

02 02 01 -01 00 01 01 02 02

Translation in Y direction - eY [-]




»
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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, w=420623 cm®, B,=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)
Bouan’iry eX=eY=eZ=pX=pY=¢Z=0 at A
Conditions | eX=eY=eZ=¢pX=9pY=¢pZ=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
e o
Case ERSTHY . 1,59599
Mode 3 . 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 ® r=) ®
S 1,500 @ o
i @ @
< 1,000
E 0,500 = o
% 0,000 @ ©
= 0 1 2 3 4 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|
X
o
Buckling analysis | ™ 1,08831
Code =Eurocode-H 0,89044
Case  :STi | = 0,69256
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 | -0’49467
Min : -1,08829 | -0,69255
u -0,89042
. -1,08829
12
Shell-model
&
3] X
Buckling analysis
Code =Eurocode-H 1,14900
Case 1ST1 u 0,94220
Mode  : 10 u 0,73541
o 1 744,946 0,52862
Error  :3,12E-2 0,32183
Iterations : 30 0,11503
Comp. 1 fX 3
-0,09176
Max 1 1,14898 -0,29855
Min : -1,12572 . -0,50534
-0,71214
R
-0,91893
. -1,12572
12




Axisvm Verification Examples 108
Eigenshapes
1,20
1,00 ® - ©-¢ ®
0,80
E 0,60 @ @
< 0,40
§ 0,20 © o
g 0@ ®
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| toAdsVM (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=pY=¢Z=0 at x,y=(0,0)
eX=eZ= pX=9Y=¢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
| | Il
| | o
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: |

18t Mode — m=2, n=1

AXxisvM restult

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 20,075 |
Max : 0,450 ' _0.150
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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Eigenshape - 1st mode Section in X-direction
0,500
0,400 ST~
0,300 7 - h ~
0,200 4 h \
0,100 | » / \
N\
N 0,000 ¥ \ .
0100 © 0,2 04 0,6 0,8 1N 12 1,4 1,6 1,8 />
; N /
-0,200 \ /
-0,300 N\ < p 4
-0,400 N - <
-0,500
Length in x direction
A.) Analytical solution - amplitude scaled to AxisVM == == B.)Result of AxisVM
MODEL1 - X direction (y=b/2)
Analytical solution | Results of AxisVM
s 5 A)
S B
'-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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Eigenshape - 1st mode Sectionin Y-
direction
0,500
0,400 - - S L
0,300 ~ N\
o /s N
0,200 i N
y \
0,100 / N
/ \
0,000 # N
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
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 A)
O +
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
2620 L
3¢28 '2
Section: 300x400 mm
Covering: 40 mm
Loads Arbitrary.
Boundary Arbitrary.
Conditions
Material Concrete:

Properties fca=14,2 N/mm?
€c1=0,002 ecw=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
1
2
6
5\// 3
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=05
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 cr
k=¢x, +(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=¢-x, +(1-4)-x g=1—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
q =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=g -k, +(1-4)-x §=1—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 Hand calculation by integration of k diagram:

shrinkage M 2
k=g -k, +(1-4)x §=1—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
Sy
=
éu ;
S
Y
-
45 200 45
310 | ék :
2 |® ® | e =
Sy
. 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 i a
y
3 48.00
Linear analysis Linear analysis
Code |8 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 Neq = 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
val
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 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 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 0.75 0** 2* 0
plane

| Middle 0 0.75 | 142 | 217 0 0.75 | 1.42 2.17 0

' Top 0 075 | o= | 2 0 (075 o= | 2 0

X-y Bottom 1.47 15 | 3.69 | 6.66 1.47 15 | 3.69 6.66 0

plane
Middle 1.47 | 0.75 | 2.6 | 4.82 1.47 0.75 | 2.6** 4.82 0
*% *%
'i Top 1.47 | 0= | 0™ 2 | 147 | o | o* 2 0

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

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

B S @RS ! wsT v [N-MSurface w| NpNI= 0 H=1 E| vt S

x X
Q Eurocode Eurocode R
C30/37 Case : Linear, 5T1
Q Cross-section 40x40 foe = 1.000
Ab [em2] = 1600.00 N [kN] |My [kNm] Mz [kNm]
55008 min/max
& Reinforcement oszlop | -4378.10 0 o
<>LA) As/Ab [%] = 1.84 1280.54 0 0
Stirrup 08; min/max
sw [mm] = 200 | |-1350.00| -273.43 0
Buckling length -1350.00| 279.43 0
By, = 1.000%L min/max
B, = 2.0007L | |-1300.00 0| -342.78
\ L[ml= 3.000 | -1300.00 0| 34278
M My [kNm —_— C30/37
Cross-section 40x40
‘*\ Ab [em?] = 1600.00
. BS00B
I Reinforcement oszlop
As/Ab [%] = 1.84
utilization(M-M)
n(e = const.) = 0.928

= ] < >

Design calculations h\

Close Cancel




A axisvm Verification Examples 126

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 - Eurocode [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 em2)
"I" A_IA, [%]S;rmp _— 0.67
< = [mrrE‘l]u:klmg length =
- i i
‘_’A’ Lim] = 4.000
“A
\k
]
; b
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 [kNm]

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 |
i &a BEE ! wsT ~ |Shear/torsion check | N[kN]= O
= Ha—
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 -
v, =167.7kN v, =252 8kN 1.0 Cross-section 40x60
Reinforcement si (A, =16.08 cm?) _Rdy Rz R A_ [em?] = 2400.00
o AfA, [%] = 0.67 B5008
+ Stirrup 010; Reinforcement s1
3, 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
9 & = L g = 2208 |
al g
5 ] Warning
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

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.

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

Diagram Axr

Calculation according to EC2:

fcd=§=16,6 N/mm? f, =200 _ 435 N /mm?
15 115

yd
Y th

s __C&Es _08500035:20000 _
© g, Es+f, 0,0035-20000+ 435

0,54

d =300 -53 =247 mm

yd

Calculation with AxisVM:

Axt = 2094 mm?/m

Different = -0,3 %

Msd:MRd:b'Xc'fcd(d_xc)zzoo kNm Xc={439>h}
2 55
X, 55 _ S
S = FC = o7 0,22< &£, =054 Steel reinforcement is yielding
A DX Ty 5510004166 _o00
f 435

Target Axt steel reinforcement along x direction at the top of the support
Results
x
ax(t)
[mm2/m]

o 2094
u 1933
. 1772
a 1611
. 1450
1289
1127
966
805
G4
. 483
a 322
= 161
7 1]

[14]
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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

z NN

L;H;» 2
A ] :

<
<

Qy
y Chidbybbibdbibaiy
= Y

A
) L B

h =270 mm
b =135 mm
tr=10 mm
tw=7mm

| = 6000 mm
A = 45,95 cm?

Wy,p =484,1 cms3
Wzp =97 cms3

IPE270 crosé section

Loads Oy = 1,5 KN/m
gz = 20,4 KN/m

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

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

types

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

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

Exercise 3.10., page 28.

AnaIit_icaI AxisVM e[%]
solution

My.ed [KNm] 91.8 91.8 -

Mz.ed [KNm] 6.75 6.75 -
Moply.rd [KNM] 113.74 113.74 0.00
Mpizrd [KNmM] 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
=) tw =9 mm
| =1400 mm
A=78,1cm?
Av = 24,83 cm?
ly = 5696 cm3
Wy,pi = 643 cms3
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., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az

Eurocode 3 alapjan, Gyakorlati Gtmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartészerkezeti 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
Vpi.z,rd [KN] 394.2 394.5 ~0
capacity ratio [-] 0.761 0.761 -
Pure bending
Mply,rd [KNm] 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 [KNM] 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 Kdzpontosan nyomott rud - | szelvény.axs
Thema Buckling resistance of simply supported beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometry
" l
A Ao oq
=
£
o
o
(9]
q
I
v
o 2
3"::
h =300 mm
b =250 mm
tr= 14 mm
< tw =8 mm
BN I O R
o
« | = 4500 mm
A =94 cm?
ly = 19065,8cm*
I=3647,1 cm*
iy=14,1 cm
N iz= 6,2 cm
#
A 8.0 A
250,0
“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., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az

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

Exercise 3.15., P. 37-39.

Analytical

. AxisVM e[%]
solution
Ay [ 0.673 0.673 -0
2, [] 0.771 0.769 ~0
Xy [] 0.8004 0.7988 ~0
Xz [1] 0.6810 0.6815 ~0
Nb.ra [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 rid - T szelvény.axs
Thema Buckling resistance of simply supported beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometry
" l
A A OQ 0<]
=
=
o
o
o
™
1
h =180 mm
b =250 mm
tr =16 mm
tw =16 mm
| = 3000 mm
A =68,8 cm?
ly = 2394,25cm*
I=2089,48 cm*
les= 58,71 cm#
lw=1108,0 cm®
iy=5,90 cm
iz=5,51 cm
b R SRR R L LRt e
A
16,0
Welded “T” section, symmetric to z but not y
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., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati Gtmutaté” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartészerkezeti tagozata, Budapest, 2009.
Exercise 3.21., P. 47-49.
Anallt_lcal 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,rd,1 [KN] 1326,4 1325,0 -0.11
A [1F 0.667 0.667 -
X1r [-] 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: Kiulpontosan nyomott rad - RHS szelvény.axs
Topic Buckling of a hollow cross-section beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometry
z Meq Meq
O N Neo
X oA S5
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

100,0

RHS 150x100x10,0 cross section (hot rolled)

Wely = 161,3 cm3
Wez=127,1 cms3
Wiy = 205,6 cms3
Wiz = 154,6 cm3

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 | L. =L
Lw=1L

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

Compression — flexural buckling

2
n“Ely 7221000 -1209 8

Nery = _ _1567.2 kN
Ky L 4002
2 2
w2 El, 2 21000 -6357
Nerz = - —8235 kN
Kz L 4002

NpI,Rd :A'fy =4341-27,5=11938 kN

N

_ ol [11938

Ty - - ~08728
Nery  \1567,16

— |[Np [11938

Ty = - ~1,2040
Ner, 182348

ay =0z = 0,21

¢_1+a-(1-0.2) + 72

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

2
1
1E
2 2
g+Ng” -4
Zy =07516
4 =05275
xy Afy 05275 - 4341 cm? - 27,5 kNicm 2
N = = = 629,72 KN >N =200 kN
b,Rd Ed,x
" 10
Bending — lateral torsional buckling
w f 3 2
plLy 'Y 2056 cm™ -27,5 kN/cm
M = = =56,54 kNm > M =10 kNm
pl,Rd,y 10 Ed
71 )
2
e (%, ) 1, W2cl
Mer = | —+——=
a2 |l ! 2
(kL) w z n- Ely
kN kN
72 21000 . 635,7cm” s (400cm)? 8077 . .1436,2cm*
cm 766 cm cm?2
(400 cm) 6357 cm 72 21000 < .635,7cm*
cm?
Mer =977,41 kNm
W, f 3 2
_ yly 205,6 cm™ - 27,5 kKN/cm
pr. _ — 0,2405
My 977,41 kNm
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’TLT >0,2 > torsional buckling may occur

OtL-I- = 0,76

- - 2
l+a, (A, - -02)+4
b= LT VLT LT 05443

= 0,9684

M , =77 M y = 0,9684 - 56,54kNm = 54,76 kNm

Interaction of bending and buckling
NRk :A-fy =43,41 cm2 -275 kN/cm2 =1193,8 kN

Equivalent uniform moment factors according to EN 1993-1-1 Annex B, Table B.3.:
¢=10

Cmy =06+04¢=10>04

For members susceptible to torsional deformations the interaction factors may be
calculated according to EN 1993-1-1 Annex B, Table B.2.:

N N
- Ed Ed
Kyy = Cmy {“(M -02) —} <Crny {1+0,8 —}

2y NRi /7 vt 2y NRi/7mt
200 200
kyy =10 11+ (087 -0.2) - <1041+08-
0,7531 - 1193.78 /10 0,7531 - 1193.78 /10
Kyy = min (1,149 ;1,178) =1,149

01-4, NEg x 01 NEg x

. >d1- )
Coir %% 2 Nplrm CoLr 0% 7

K = 41—
7y
Nk /7M1

. 0,1-1,2040 200 o 200
24 10-0,25 05275 -119378 /1,0 | 10-025 05275 - 119378 /10
Kzy = max (09490 ;0,9577) =0,9577
M= My Ed ~
+Kyy =
2y Npe 7w Zy My Rk I7m1

200 20
41149 ——— -06426
0,7516 -1193,78 0,9684 - 56,54

N

My Ed

Ed -
+kZy =
%z NRi I7m1 My Rk /7M1

200 20
=———+09577 . ———=0,6674
0,5275 -1193,78 0,9684 - 56,54

}
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Analytical solution AxisVM e [%]
Nrk = Npi,rd [KN] 1193.8 1193.9 ~0
A1 0.873 0.873 -0
2, [ 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 -
Xur [] 0.9684 1.000 -
Mb,rd [kKNm] 54.76 56.54 +3.25
Crmy [-] 1.0 1.0 -
Kyy [-] 1.149 1.150 ~0
Ky [-] 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 Xt (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 rid - | szelvény.axs

Thema Lateral torsional buckling of a beam (EN 1993-1-1).
Analysis Steel Design
Type
Geometr
Y o8 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?
- U . K ly = 2510,7 cm*
T I=924,6 cm*
iy=74 mm
iz=45 mm
Wel,y = 293,7 cms
Wez = 102,7 cms3
. Wpl,y =324,9 cms3
Lo A Wiz = 156,5 cm3
4
6 lw = 58932 cm®
* 180 * l=15 cm*
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
L:=L
LT buckling length:
Lw=1L
Target Buckling check for interaction of axial force and bi-axial bending.
Results

Internal forces from the second order analysis

T[] Wz [kM] Wy [kM]
0.235 5.062 9.563 5630 64573
-9.609 -5.109 -0.241 - -6.519 -5.634
-279.953 -279.984
Ta [kMNm] My [kiNm] Mz [kiNm]
: B.676
6.5,
0.060 0.043 0.014 001 0.0
-0.002 £
-7.3
-9.814
Kereszimetszeti hely Memlinedris - ST1 [2] Anyag 5235
= 1.000 E [NimmZ2] 210000
x[m]= 0 5]
il = 0 Szelvény HE 180 A
A [mm?2] 4526.04
I [kM] = -279.953 Ay [mm2] 308624 | ==
Wy [kN] = -6.519 Az [mm?2] 99454
1] Wz [kN] = -9.609 Ix [mm?] 149752.7
5 Tx[kNm] = 0.060 Iy [mm*] 28E+07 | &—
My [kNm] = 0 Iz [mm*] 9246142.0
Mz [kMNm] = 0.001
Osszhossz 4.000 m

Nedx =280 kKN  Meday = 9,81 KNm Med,z = 8,88 KNm  Vedy = 6,52 KN Ved:=9,61 kN
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Analytical solution;
Section class: 1.

Normal force

_ Npi [10636
= = = 05719
Y |Ney V32523
_ |[Npi 10636
- - = 0,9424
z \Ngp V11977

2 2
7~ Ely  z¢ 21000 - 2510,7
’ Ky L 400
72 El, 2?2100 -9246
crz= = =1197,7 kN
' K, L 400

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

Calculation of the critical moment:

7y =0:8508
7, =05741
2y Afy 08508 - 45,26cm 2 - 23,5kN/cm 2
N - - —90492 kN >Ny ., = 280 kN
b,Rd,1 Ed,x
n 1,0
27 Aty 05741 -4526cm 2 - 235kN/cm 2
Ny rd2 = - ~61062 kN >N gy ,, = 280 kN
1 ’ 7/ 1,0 ’
1
Bending
W f 3 2
324,9 cm™ - 23,5 kN/cm
M _ Py Y ~76,35 kNm > M, ., =9,81 kNm
pl,Rd,y " 10 Ed,y
Woiz fy 1565 cm® - 23,5 kiem 2
MpiRdz = - = ~36,78 KNm >M g, =888 kNm
b ¥ 71 , 1

Mg =174,1kNm

C,=1132 (due to the My moment diagram)
2
2EL [k, ) 1, &6l
(kL) kW IZ n E IZ
7% 21000 KN/cm? - 9246 cm” (58932 cm® (400 cm)? - 8077 kN/iem? - 15.cm
(400 cm) 924,6 cm n~ -21000 kN/cm ™ - 924,6 cm
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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.):

_ Wy fy  [3249 em® . 235 kN/em
pr. - - 0,6622
M 174,10 kNm

- = 2
1+a, (4, - -04) +0.75 - 7
jo LT LT LT _ 07000
2
_ 1
2T = > —— = 0,881
$+6° 075 7 1
M = 0,8881 - 76,35kNm = 67,81kNm

b.Rd ~ ZLT My Ray

Interaction of axial force and bi-axial bending

pLR

MZ,Rk :MpI,Rd,Z = 36,78 kNm

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

v =0,a=0 in both directions

C =C =095 +005x =095 (distributed load)
my mLT

Cpgy =090 +010a=090 (concentrated load)

N N
Kyy = Cry 1+ (4 -0,2)¢ <Cpy 1+O,8¢
Yo 2y Npermn 2y Npi/rma
280 280
Kyy =095+ 1+ (05719 -02) - <095-41+08-
0,8508 - 1063,6 /1,0 0,8508 - 1063,6 /1,0

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

01-4, NEd,x 0,1 NEd,x

2491 .

kpy =11- :
zy _
C 1 -025 2

Nk /7M1
01 280

o _ ]y 01-00424 280 i
4 0,95-0,25 05741 - 10636 /1,0 095-0,25 05741 - 10636 /1,0
kzy =max (0,9383 ; 0,9345) =0,9383

}

}
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N N
kz =C__ {1+(2-/1Z -06) &} <cC {1+1,4¢}
Nrk /7M1 %2 Npe!7mg

280
kz; =090 41+ (2-0,9424 - 0,6) <0,9041+14
0,5741 - 1063,6 /1,0 0,5741 - 1063,6 /1,0

k7 =min (1,4303 ;1,478) =1,4303
kyz =06 kZZ =0,8582

NEd,x My Ed Mz Ed
Zy ‘Nrk '7m1 21 My Rk 7M1 MRk /7M1
280 9,81 8,88
- 110593 — 408582 - ——— =0,6699
0,8508 -1063,6 0,8881 - 76,35 36,78
N Ed,x My,Ed IVIz,Ed
ik Ky -
Zz Npe Irma 2 Myrermr Mgre I7mn
280 9,81 8,88
10,9383 - 11,4303 - —— = 0,9396

- 0,5741 -1063,6 0,8881 - 76,35 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 -
MpiRrdy [KNmM] 76.35 76.34 ~0
MpiRrd.z [KNmM] 36.78 36.78 ~0

Ci[] 1.132 1.13

Mer [kNm] 174.1 172.99 -0.6
AT, el [] 0.6622 0.6643 +0.3
Xir [ 0.8881 0.8871 -0.1
Mb,rd [KNmM] 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 cms
N oy 5 i 4
T #
> > #
Double-symmetric welded | shape
Loads Axial force at B: Ned,c = 700 kN
Distributed load in z direction: gz = 162,5 kNm
The internal forces in the mid-section: Medy = 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., Verdci, B., Vigh, L. G.: “Acélszerkezetek méretezése az
Eurocode 3 alapjan, Gyakorlati utmutato” (Design of steel structures according to
Eurocode 3, ) Magyar Mérnoki Kamara Tartészerkezeti tagozata, Budapest, 2009.
Exercise 3.4., P. 14-16.
Exercise 3.6., P. 19-21.
Exercise 3.13., P. 34.
Analy’gical 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
beglcm] 140.0 142.0 +1.4
kc,web[—] 4 4 -
Ap,webl—] 2.957 2.975 +0.6
Pwebl—] 0.313 0.311 -0.6
Deftweb [cm] 340.8 342.4 +0.5
A ge[cm?] 99.98 97.46 -2.6
N [KN] 3549 3460 +2.6
capacity ratio: N 0.2 0.2 -
Uniform bending
Ko flange[—] 0.43 0.43 -
Ap fiange[— ] 0.831 0.856 +2.9
Priange [—] 0.931 0.911 2.2
beeelcm] 139.95 142.1 +1.5
vI-] -0.969 -0.860 -12.7%*
Koweb [—] 23.09 20.45 -12.9%*
Apweb [—] 1.231 1.320 +6.7%
Pweb [—] 0.739 0.690 -7.1%%
betwen [cm] 408.6 409.0 +0.1
Wetry minlcm®] 5131 4969.5 -3.2
My etrra [KNm] 1821.5 1764.2 -3.2
capacity ratio: M 0.71 0.74 +4.1
capacity ratio: N — M interaction 0.91 0.94 +3.2
*Small differences occur because AxisVM does not take into account welding when
calculating the effective section sizes.
*Additionally, AxisVM employs an iterative process to consider the effect of centroid shift,
ensuring precise determination of effective properties.
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Software Release Number: X7rla
Date: 20. 02. 2023.

Tested by: InterCAD

File name: Box-section class 4.axs

Thema Interaction check of class 4 box-section beam (EN 1993-1-1, EN 1993-1-5)
Analysis Steel Design
Type
Geometry
Z Meq Meq
Y N Nes
X oA 5
A B
< L >
h = 1000 mm
tw = 10 mm
b = 1000 mm
tr=10 mm
G e L =3,000m
A =396 cm?
ly = 647000 cm*
Wel,y =5cm?3
10000 mm

Welded box-section

Loads Bending moment at both ends of beam and axial force
Ned,c = 1000 kN

Med.a = 2000 kNm

Mede = - 2000 KNm

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 article:

Lee, Chi-King, and Sing-Ping Chiew. "A review of class 4 slender section properties
calculation for thin-walled steel sections according to Ec3." Advanced Steel Construction
15.3 (2019): 259-266.

Example - 2
Example - 3
Analy?ical AxisVM e [%]
solution
Uniform compression

Ko flange [—] 4 4 -

Ap fiange[— ] 2.12 2.12 -
Phange[—] 0.423 0.42 -0.71
beg[cm] 415 41.4 -0.24

kc,web[—] 4 4 -

Ap,webl—] 2.12 2.12 -
Pweb[—] 0.423 0.42 -0.71
beftwen [cm] 41.5 41.4 -0.24
Ase[cm?] 169.80 169.7 -0.06
Nege[KN] 6028 6024 +0.07

capacity ratio: N 0.17 0.17 -

Uniform bending

Ko flange [—] 4 4 .

Ap flange[—] 2.12 212 -
Pfiange[—] 0.423 0.42 -0.71
beeelcm] 415 41.4 -0.24
Wy [-] -0.712 -0.650 -9.5*
K web [—] 17.25 16.03 -7.6*
Apweb [—] 1.021 1.059 +3.6
Pweb [—] 0.859 0.829 -3.6
beftweb [cm] 49.17 49.16 -0.02
Wety,min[cm’] 7844.5 7662.1 -2.4
My etfra [KNm] 2784.8 2720.05 2.4
capacity ratio: M 0.72 0.74 +2.7
capacity ratio: N — M interaction 0.88 0.90 +2.2

* Small differences occur due to the applied number of iterations to calculate the effective
cross-sectional properties, where in the analytical solution only one iteration was applied,
while in AxisVM several iterations are applied to achieve convergence of the effective
properties.
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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 )
Length: L =3.5m
Section: HE180B
Buckling length coeff. Ky = Kz = 0.5
Loads Axial force at A: N fied = 495 kN
R30 (ISO fire) required fire resistance
Boundary eX=eY=ezZ=fiZz=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
0., [°Cl 623 633 +1.6
kg, [ 0.624 0.624 -
AlV [1/m] 159 158.9 -
Ko [ 0.714 0.715 +0.1
Ny figrg [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
gfied = 12.48 KN/m
T
yAN JAN
L=50m
Side view
Section: IPE 300
2
Loads Distributed load: gied = 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 [%]
o, [°Cl] 519 519 -
Ao [1/m] 1.222 1.219 -0.2
X [ 0.364 0.366 +0.5
My fira [kNm] 38.8 38.9 +0.2
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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 5.7)
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: Nfiga = 136.5 kN

Distributed load: gsi,ed = 15.89 kN/m
Boundary eX=eY=ezZ=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 [%]

6., [°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 fieda = 800 kN
Bending moment: M yied = +/-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
Zy,fi [-] 0.871 0.8704 -0.07
Visige [kN] 208.2 208.3 +0.05
N i figa [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
—8x1m=8m— Section A-A | '
T Finishing 6mm
Topping 60mm
4m — Insulation 40mm
< + — -Boards 50mm
< —
4m — Secondary beam
l E— C24, 120x260mm
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 [%]
def [Mm] 28 28 0.0
Omy.dfi [N/mm?] 13.6 13.6 0.0
fmy.af [N/mm?2] 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

—8x1m=8m—~

4m
< /_)+
T
< \
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 [%)]
def [Mm] 31 31 0.0
ke [-] 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
ke [-] 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

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

Type Linear static analysis.

Geometry

__________ |1 |
T \
90,0°
m | y L e
""""" a8 | b /
7,000
Top view
| | [ | 1 1 o 1 &
| | N 0O N 9
,,,,,,,,,, il | | (& n. 0
[J | | Sl 0O “’75—"

4,000

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 |ly=720000 cm2 [z=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 %
NXx [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
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Fight Click on any Frame Elernent for detalled diagram Hm =
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fle Edit Settings Yew Window Help
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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 =] = = |
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== %]
File Edit ¥iew Define Draw Select Assign Analyze Display Design Options Help
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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
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Appendix A

Software Release Number: X4r3
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Date: 07. 02. 2018.
Tested by: InterCAD

Thema Clamped beam with symmetrical nonlinear material model — Theoretical background
Geometry =

]

] Z 5

A B

-~ 14

y i

d

References | S. Kaliszky Mechanika Il. Tankényvkiad6, Budapest, 1990

Equations Material function:

oc=C-&" (1)
Moment of inertia:
b/2
Jnsr=a f y"tidy (2)
-b/2
Second-order linear differential equation for elastic curve:
1/n
d?v _ _( M > / @)
dz? Cln+1
Bending moment:
M(z) =F(-2z) @
Boundary conditions:
z=0%2=0; )
dz
z=0;y=0 (6)

Deflection equation based on previous equations (n = 1/2):
12z 1z3 2z*
2 £ __ 2 4 2
F ( 2 "6t 12)
(Clny )"

(M

y:
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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 52 s3 E
Zg | oxp | |
| | |
| | |
o . . X
N . | —
| Plaste | T
NN i | -
| |y | '
Stress
distribution o T Gt<Gr
20(x) T?
Cc -Cﬁé é
Equations In the nonlinear zone (S1 section)

B or if zo(x) <z 1
o(x2) = or — Ex(x)(z — zo(x)) if z < zy(x) 1)
The normal force and the moment equations of equilibrium are given by
Zo
0 =orhv — f Ex(x)(z — zo(x))vdz )
;
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= (4)
) 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) = 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 kd 7
Zg = orhv (7)

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 (%0 ~3) = ~Exxo (—%— 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
20

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)

e, () = fka(s‘)ds‘ dx (12)
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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
~ = |
| | |
R | % N
\ | plastic i |
Q\ - I Zohe I I -
| |y | '
Stress
distribution X <Xe X=Xp X>Xe
Zo(x
Azt é i
f é
i
!
I
L
I
In'
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
*() = SEVINL = 2F (0 = D)2 ©)
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 (%0 ~3) = ~Exxo (—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
20

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)

e, () = fka(s‘)ds‘ dx (12)




