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Introduction of a new TNO DIANA service

 TNO DIANA Engineering began in April 2014
— to help users with their own projects.

= when time Is critical and human resources are
sensitive to planning schemes.

= when ‘know how’ or workflow for a new topic
has not yet been standardised.

— different levels of aid include;
 Setting up models
« Carrying out analysis
« Reporting

engineering@tnodiana.com




Background and development direction

* Scripting
* Integrated environment
IDIANA | = ...

* Geometry tools
» Mesh engines

* International design codes
* Dedicated wizards
NNl © User-friendliness

WENICHI - Engineering project help

DIANA ..
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resulting In a new Integrated

environment

A friendly face to finite elements;

« Allows creative designs in a friendly environment

 Scripting for the definition of repetitive jobs

« Parameterisation reduces duplication and enhances
productivity

» Powerful parallel processing reduces run times and your
wait times

« Comprehensive material models allow high order analysis

 Soil structure interaction

 Fluid structure interaction

« Comprehensive seismic analysis options

Features from Civil Engineers for Civil Engineers
IANA
LINANINA 10
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Steel connections - earthquake loading

Ballio, Mazzolani - Strutture In Acciaio
Material ductility

Joint ductility (redistribution)

Global structural ductility = =
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Cyclic with full deformation Cyclic with partial deformation
¥ (Compression) reversals reversals

Figure 3 Influence of loading s’ cli
Figure 1 Stress-strain relationship of a structural g g 9 FQ
behaviour of beams. 7
A

steel under uniaxial hystereticloops . EE 0T ecomen



Steel connections - earthquake loading

Ry 21,20 Ry, in other words : connection > adjacent element

x> TNO DIANA



Steel connections - earthquake loading

_/l,__

D2

Figure 12 Hysteresis loops of beam-to-column
connections tested by Ballio,

tested by Ballio, Mazzolani et al. Mazzolani et al. Fa TNO DIANA
[ 14
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Figure 11 Types of beam-to-column connections



Steel connections - earthquake loading

Modified Two-Surface Model ™™ ™"
Shen, Mizuno and Usami =T
_ Cyclic behavior including T/ :
yield plateau . )
@ bin
* Yield inner surface = v
Y e
- Bounding outer surface g

Figure 19.25: Virtual bounding surface and memory surface

— Extended to 3D

2N /
T N x> TNO DIANA
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Steel connections - earthquake loading

Standard profile:HEA180
Additional stiffener (purple): t=6 mm




Steel connections - earthquake loading

no stiffner: deformation in y direction only
Load-step 265, Load-factor -8.9000
Total Displacements TDtY

DY
(mm)

steel stiffner t=6 mm
Load-step 205, Load-factor 6.2000
Total Displacements TDIXYZ

TDXYZ
(mm)
18.26

15.98

13.70

1.4

9.13

6.85

4,57

0.00

x> TNO DIANA
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Hysteresis behaviour of the different steel connections
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Steel connections earthquake loading

- Composite layer: t=5mm, variant solutions
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Steel connections earthquake loading

Only 5 mm in the section joint

Hysteresis behaviour of the different steel connections

Hysteresis behaviour of the different steel connections
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Steel connections earthquake loading

Only 5 mm in the section joint

with composite double layer (t=bmm/side) TDIXYZ
Load-step 225, Load-factor 7.4500 (mm)

Total Displacements TDIXYZ 19.13
I 16.74

14.35

11.96
I 9.57
7.17

478

I 2.39
0.00
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Steel connections earthquake loading

Only 5 mm in the section joint

Hysteresis behaviour of the different steel connections

Hysteresis behaviour of the different steel connections
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Steel connections earthquake loading

With extra layers on the top&bottom flanges, L=30 cm

with composite layer, L=30cm on the fop&bottom flanges TDtXYZ
Load-step 204, Load-factor 4.9600 (mm)

Total Displacements TDIXYZ 12.55
I 10.99
9.42

7.85
6.28

4.71

‘ 3.14
I 1.57
0.00
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Steel connections earthquake loading

With extra layers on the top&bottom flanges, L=50 cm

with composite layer, L=50cm on the top&bottom flanges TDtXYZ
Load-step 224, Load-factor 5.9600 (mm)

Total Displacements TDIXYZ 18.61
I 16.28

13.96

11.63
I 9.30
6.98

mm 4.65
I 2.33
0.00
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Steel connections earthquake loading

Only 5 mm in the section joint and strengthened

flanges

Hysteresis behaviour of the different steel connections

Hysteresis behaviour of the different steel connections
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Steel connections earthquake loading

Stress In the steel sections

with composite layer, L=50cm on the top&bottom flanges S1

Load-step 224, Load-factor 5.9600 (N/mmA2)

Cauchy Total Stresses S1 layer 1 280.00
245.00
210.00
175.00

140.00

105.00

__70.00

35.00

0.00
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Steel connections earthquake loading

Composite block: t=50mm/side at the crossing
and t=5bmm for the top&bottom flanges.

with composite block (1=50mm/each side), L=50cm on the top&bottom flanges TDiXYZ
(mm)

17.97
I 156.72
13.48
11.23
I 8.99
6.74
‘  4.49
I 2.25
0.00

Load-step 244, Load-factor 7.1200
Total Displacements TDIXYZ
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Steel connections earthquake loading

with 50 mm in the section joint

Stronger and only little
bit less ductile In
bending.

Hysteresis behaviour of the different steel connections
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Steel localisation

Tensile specimen as example
Rupture somewhere in the reduced area.

gt
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Steel localisation

Tensile specimen as example
Input model.
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Steel localisation

Tensile specimen as example
Output stress Is constant over the length.
Where to plasticize, left, middle or both ??

Analysis3
Load-step 30, Load-factor 0.27789 El

Total Strains E1 4.65e-04

I4.07e04

3.49¢-04

2.91e-04

I2.33e04

T Ny - 1.75e-04

b 1.17e-04

"Z‘ l5.89e05
X

%2 TNO DIANA
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Steel localisation

Tensile specimen as example
Output stress Is constant over the length.

Weaker
Stronger
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Steel localisation

Tensile specimen as example

Output plastic strain is introduced in weak spots
and finds its way through the section.

Analysis3
Load-step 32, Load-factor 2.9969 El

Total Strains E1 4.98e-03
I 4.36e-03

3.74e-03

3.12e-03

I 2.50e-03
1.88e-03

' 1.25e-03

6.32e-04




Is modelling difficult?

o =] oy 0 b= Ll o
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newProject( "tensile test”, 1)

setModelAnalysisAspects( [ "STRUCT" ] )

setModelDimension( "3D" )

setDefaultMeshOQrder ( "QUADRATIC" )

setDefaultMesherType ( "HEX QUAD" )

setUnit( "LENGTH", "MM" )

setUnit ( "FORCE", "N" )

#

# Setup Geometry

createCylinder( "Cylinder 1", [ O, O, O 1, [ 1, O, O 1, 15, 140 )
createCylinder ( "Cylinder 2", [ 30, -50, 351, [ 0, 1, 0 ], 30, 100 ”
#

duplicateShape( "Cylinder 2" )

translate( "duplicate 3", [ 80, 0, 0 1)

duplicateShape( "Cylinder 2" )

duplicateShape( "duplicate 3" )

createBlock( "Block &", [ 30, =50, 51, [ 80, 100, 60 1)
duplicateShape( "Block &" )

#

translate( "duplicate 4", [ 0, 0, =70 1 )

translate( "duplicate 5", [ O, 0O, =70 1)

translate( "duplicate 7", [ 0, O, =70 1 )

#

subtract( "Cylinder 1", [ "Cylinder 2", "Block 6", "duplicate 3", "duplicate 4", "duplicate 7", "duplicate 5" ],
perspectiveProjection( True )

x> TNO DIANA
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Is modelling difficult?

I DianaInteractive Environment — tensile_test.dpf

[=re=]
A N R
CEd AR D s #HE99IY
= Ly
@ vwwDTODTTD ¥
VIS NPe DrrOaLZ|v
AAD\L ¥ de S & J J
Results
afEeEs = a
Analysis | Analysis1 -
Case - ==
Layer 101 <
#0H
result view setting
[Model T mesh | Analyss | Resuits | t / Sk
Properties 8 x & é
Command console 8 X Messages 8 x
> Traceback (most recent call last): Q==
File "C:/U: nsile_t :_test_nonlin.py", line 109, in <module> =
[ analysis,
No properties NameError: name 'analysis1' is not defined SOLVING SYSTEM OF EQUATIONS
PARALLEL DIRECT SPARSE SOLVER
Cancelled

hSolver)

Could not

solver for analysis 'An

execution of C:\Program Files\Diana Dev\\binseg\ap\nlé4l.exe failed.

Result case 'Analysisl' is not valid

Error executing 'C:/Users/bsa/Documents/tensile_test/tensile test_nonlin.py', see console window for details

[ — —1 S Units: user defined

x> TNO DIANA
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Help

Analysis |Analysis1

Case [Load-step 1, Load-factor 0.10000

Layer 1of 1

4 Output
4 Nodal results
4 7 Total Displacements
= DX
tY

I Element results

[ Model | Mesh | Analysis | Resuits

No properties

\ oo e ﬁ,ﬁﬁvi:a "
U @Uu@@@@@@ IE]

& [Anolysisl
Load-step 1, Load-factor 0.10000
| Total Displacements TDX

> Traceback (most recent call last):

File "C:/Users/bsa/Documents/tensile_test/tensile_test_nonlin.py", line 109, in <module>

[ analysis1,
NameError: name 'analysis1' is not defined

DX
(mm)
6.51e-03
5.70e-03
4.88e-03
4.07e-03
3.26e-03
2.44e-03
1.63e-03
8.14e-04
0.00e+00
Messages 8x
# Q<=
SIEF U T DISPLACEMENI NURH = 7.49UE=UL TOLERANCE = 1.UUUE=U =
STEP 30 : FORCE NORM = 1.143E+03 TOLERANCE = 1.000E-02
RELATIVE OUT OF BALANCE FORCE = 3.300E-13 CHECK = TRUE
STEP 30 TERMINATED, CONVERGENCE AFTER 0 ITERATIONS
TOTAL LOAD FACTOR: LOADING( 1) * 2.779E-01
/DIANA/DC/END 12:07:36 601.37-CPU 57.89-I0 STOP
Error executing 'C:/Users/bsa/Documents/tensile test/tensile test_nonlin.py', see console window for details D
[ = —1 S Units: user defined

> TNO DIANA
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* Diana Interactive Environment — tensile_test.dpf*

File Edit  Geometry Modsl Analy: Results Viewer  Window  Help

AL

Dh o@BH##E9IID

Analysis2
new load case

Analysis | Analysis2

Case [new load case

Layer [1of1

4 OQutput linear static analysis
> Element results

it

’ result view setting

[Model | Mesh | Analysis | Results

)

DUwe U B

Properties 8 X ‘ ;’cri i

5 x wesss 5 x

No praperties

D ==
SULVING SYSIEM UF EQUAIIUNS 7%
PARALLEL DIRECT SPARSE SOLVER

RELATIVE DISPLACEMENT VARIATION = 6.716E-02 CHECK = FALSE

RELATIVE OUT OF BALANCE FORCE = 9.167E-01 CHECK = FALSE

STEP 1 TERMINATED, NO CONVERGENCE AFTER 10 ITERATIONS

TOTAL LOAD FACTOR: LOADING( 1) * 9.727E-02

/DIANA/RP/NL41 12:50:20 190.90-CPU 14.84-I0 STOP

[ = —1 S Units: user defined

x> TNO DIANA
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See you at our stand ?

x> TNO DIANA

A TNO Company

Create your model. Set your
~ parameters in your own script...
\ simply more productive!
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TNO DIANA BV

TNO DIANA UK Ltd TNO DIANA North

Delftechpark 19a Ground Floor America Inc.

2628 XJ Delft Building 1000 3871 Seven Mile Road
The Netherlands Lakeside North Harbour Suite 260

T +31 (0) 88 34262 00 Western Road MI 48152

F +31 (0) 88 34262 99 Portsmouth PO6 3EZ Livonia

TNO DIANA BV United Kingdom T +1(0) 877 70 34262
(Engineering Division) T +44 (0) 23 9270 4175

Engineering (TD/E) F +44 (0) 23 9270 4001

Vlamoven 34

6826 TN Arnhem
The Netherlands

T +31 (0) 88 34262 00 :> TNO DIANC&




