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FRAME2Dexpress User’s guide. Copyright © RUNET ® software.

The software FRAME2Dexpress, described in this users manual, is furnished under a license agreement. The
software may be used only in accordance with the terms of the license agreement. Information in this document is
subject to change without notice.

License and copyright

If you do not agree with the terms of the following Disclaimer and License Agreement, return the program disks
before you install and activate it, to RUNET Norway AS, within 30 days of purchase for a full refund of software
cost and sales tax.

Disclaimer

This software should be used only from experienced and licensed professional engineers. The software must be
considered as a helping tool for the designer engineer, and can never replace the knowledge, the experience and
the judgment of a professional engineer. The user of this software must understand that no matter how advanced
and well checked this software is, he should carefully check the results and take responsibility of their use.

Copyright
This software is owned by RUNET Norway AS, and it is protected by EC (European Community) Copyright Laws

and International Treaty Provisions. This software and the accompanying materials, must be treated like any other
copyrighted material (e.g. book). It is allowed although to make one copy of the Software for backup or archive
purposes. You may not copy and distribute the accompanying materials. It is strictly prohibited by law
unauthorized reproduction or resale of this software product and the accompanying materials.

Software License

This is a legal agreement between the legal user of this software and RUNET Norway AS. By installing this
software you agree to be bound by the terms of this agreement. If you do not agree to the terms of this agreement
then do not install this software and return within 30 days after purchase, for a fully refund of your payment.

Scope of License
Each licensed copy of FRAME2Dexpress must be used either on a single computer, or installed on a single

workstation used non-simultaneously by multiple people, but not both. This is not a concurrent use license.
You may not rent or lease this software. You may not modify, adapt, translate, reverse engineer, decompose, or
disassemble the software. Any violation of this agreement terminates your right to use this software.

Liability Limitations

FRAME2Dexpress, in no event shall be liable for any damages whatsoever (including without limitations,
damages for loss of business profits, business interruption, or any other loss) arising of the use of this software.
RUNET Norway AS makes no warranties, either expressed or implied, as to the quality or performance of this
software, that the results and calculations of this software will meet your requirements, or that the operation of this
software will be error free.

This software is a helping tool to aid you in the design. The results of this software must be reviewed and
interpreted from experienced licensed engineers, and by no means constitute an acceptable engineering design.
FRAME2Dexpress and related documentation are provided "AS IS" and without warranties as to performance or
merchantability or any other warranties whether expressed or complied. Because of the various hardware and
software environment into which this software may be put, no warranty of fitness for a particular purpose is
offered. Under no circumstances shall RUNET Norway AS and its personal be liable for any direct or indirect,
incidental special or consequential damages resulting from the use or inability to use of this software or related
documentation, even if RUNET has been advised of the possibility of such damages.

This agreement shall be governed by EC (European Community) laws. If for any reason a court or competent
jurisdiction finds any provision of this agreement, or portion thereof, to be unenforceable, that provision of the
agreement shall be enforced to the maximum extend permissible so as to effect the intent of the parties, and the
remainder of this agreement shall continue in full force effect.

If this license is too restrictive with the laws of your country, do not use this software and return within 30 days
after purchase, for a fully refund of your payment.

RUNET NORWAY as, Tennfjord 6264-N, Norway
e-mail: support@runet-software.com
Internet: http://www.runet-software.com

User’'s Manual 3


mailto:support@runet-software.com

Frame2Dexpress RUNET software

1

. General

Frame2Dexpress is a finite element program, for the static and dynamic analysis of two (2)
dimensional frame structures.

The

program has been designed to be simple and fast in use.

The structure is defined by giving the nodal coordinates and the element connectivity or from a
Frame Wizard.

The graph of the structure appears simultaneously with the defined data.

The support conditions are defined for the supported nodes easy from graphical menu.

The cross sections are defined either with the area and inertia properties, or by their dimensions
(rectangular, T or L type sections).

Nodal loads are dead loads and live loads.

Element distributed loads (uniform, triangular, parabolic), dead and live loads can be specified.
The self weight may or may not be included. Element distributed load direction, vertical, horizontal
or perpendicular to the elements.

¢ The load combination coefficients can be defined by the user.

e Material properties can be picked up from menu.

¢ Nodal masses corresponding to dead or live loading.

e Mass combination coefficients for nodal masses or element distributed masses due to dead and
live weight can be defined by the user.

Results of static analysis:

¢ Nodal displacements

e Displacements along each elements.

¢ Internal forces at element ends in global and local coordinate system.

e Internal forces (bending moments, shear and axial forces) along each element.

e Diagrams of displacements.

e Diagrams of bending moments, shear forces and axial forces.

Result of dynamic analysis:

¢ Natural frequencies

e Diagrams of mode shapes

Additional printouts

e Stiffness and mass matrices.

e Equilibrium equations

e Eigenvalue equations

Units

Metric units.

Input data steps

Nodal coordinates

Element cross sections

Element data

Supports

Nodal loads and nodal masses

Distributed element loads and distributed masses.

Use
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2. Structural Wizard

If you want to create a new structure with help from the structural wizard, go to [File/Frame Prototypes]
and choose from a menu with 21 ready types of structures.

F Frame pratatypes » [ | &t — = a r\| D1 Fl:| E1 TR Tt
[Tl Fe BEHce Qoz F;:'EZ [ r T G2
[MTlas FHe: HBHHe [ o msa AN T g3

If you want to open and change the prototypes, you can enter the main menu/Frame prototypes and
choose a structure which are quite similar to the one you want to make.

L
- =T H
|

'nmm»ﬂ il

| —B—
[t} gz L=[EI00 n Li=[E00 @ L=fE0N
‘f Heghs Ha[2000 n si=[A00 @ W30
2
Cioes wsotion ol hosmonedl wenbsss L

B [0 - H- o0
" [T P p——

B= [0 o Ha [500 3

I 11—t | a— Perranert lsed Vinable ks

o= 000 ki qe [500 RHR

e[ |

You can edit the different properties of structural material and cross sections.

Information

. Click YES ko open a news file with data as the prototwpe Frame
\1) M ko reset the existing file to the prototype Frame Click [NO] if you want to edit the prototype_

CAMNCEL ko exik X i .
Click [Yes] if you want to make a new file.

Mo | Cancel |

Structural Data for prototypes

After choosing a prototype, you enter the screen from where you set the basic dimensions of the
structure according to the drawing on the left.

If you choose concrete or timber for structural material, edit the cross section width and height in mm.
If you choose general material, you enter cross section area and moment of inertia in mm2 and mm#

If you choose steel for structural material, then by clicking on the button g you can choose the steel
profile from a complete list, and the cross section area and moment of inertia are set.

[Frame prototyes
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3. Steel profiles

If you choose steel for structural material, then by clicking on the button g you can choose the
steel profile from a complete list, and the cross section area and moment of inertia are set.

[Frame pretotypes. )
e E
| Lenghs L= 500 g L1a[ED0 @
Hagts H=[T00 n HI-[00 @ 2500w
H2
- it ok f el nasidetis
o [Z0 L 1= 320
M Ciaia sechonof edical merbes
P e - [
u u Frrnarart nsd Vnantie b
o= [F000  war o EO e
[ JoE X Cowd | P B

To see the different Steel profiles available in the program, go to [Frame prototypes/Steel profiles] and
choose from the list to see the properties of each steel profile.

[Stamdard steel seclons (abies) . &
_“‘E’“"MPWMM’““ IPE |h[h|M‘II[||A|ﬂ[Iylwlwm[ylAv_?llr[Wzlw'pbll.-IAv_pllrl Iw |
T 5 Fumon1ss e o o el o o e el e ] e o e el e i e e
%;ﬁ X FERD B0 46 38 52 50| 764 GO0 B0 03 22 M 357 H49 369 SE2 105 G122 U6s 180
I wev I FEI00 00 B 41 87 70 103 RID 1TI0 MA W4 407 508 1582 578 &15 13 ETR 1M 4
Et"_‘:m I FE10 1200 B4 44 63 20 1321 104 NTH 529 G073 490 63 W67 065 1250 145 057 LT 6696
I HE A (PR1| Eurcrom 53672 I FEl0 W0OT3 AT B8 0| 1643 1289 502 7R BBB LM 7ES M9Z 12 1925 165 082 245 1=
%:‘:::‘Ilﬂﬂiuuumbd-u I FEIG0 1% B2 GO0 74 80 MM 5B 8893 I0A7 1238 BRR GEE BAM 1BEE R0 1M 1280 38 3@
%3}5’;513;;&::;*-—53& I FE180 M 91 B3 A0 40 2396 IRE 130T 163 16R4 TP 116 1000 2216 MED 206 15X 4T T4
5L I Feam 200 100 56 05 120 248 224 1M3 194] 206 026 1400 1424 2047 ME1 24 179 6% 1290
T ngHD I PR Z0 1 53 32 120 3:\’3I7 W™z 272 Wm0 ASA amn 1588 AMY  ITAS SN 24 N3 907 Frdvrs
T HD ASTM AGAA G I FE20 240 10 B2 98 150 |12 M7 38L I MER 97 1916 MAE AT MW 263 ME 12w |
T I;"HP T w0 20 135 66 102 150 453 360 570 4209 4m0 123 2213 M35 6220 %35 202 A 15 7050
=X I’ I wean 300 150 71 107 150 SEE1 422 B3 S570 G2BA 1246 MGd 606 BOS0 1252 33 TET A2 1:4EH
T E’Sﬁm I FEX0 W 180 7H 115 180 E2E1 431 1170 7131 B3 1371 AWM 7EA1 SRR 1RA7 355 AT 2A15 199097
+ X uB.UC @S T e 0 60| 1704 80122 1801 FeRd | 600 | 162019016 1 019] 1% T e v in AT het RART (AT T ie
:E.U I FEd0 40 180 86 135 20 BA4E BRI ZN1F 1% 130 1B ¥ 120 |
:g::x I FEa) 450 180 84 4B FI0 SMEP TR ATAD 1SN 172 1R48 ";]I?"
¢ T ok fomed I FESN 500 200 102 160 210 1155 907 40200 1920 214 2043 i s 5
:g;ﬁm{m I FER S50 N0 NI 172 M0 IHA W60 B0 240 I 23S : i
An ooan ~illz wecto B0 20 120 180 0 1550 1720 00 308 3512 A3 ||PE 240 tt-62 t
|
-—~ %
|
|
h |
|
z
¥ show ttesl 1ecton deaming Lo |

4. Coordinate system

F!l" force = N
Y
by
\? M moment v
X Bix . \ Fy force Py " N avial force
. " j " local coordinate system ¥ shearing force
coordinates dispacements forces (= M bending moment
Global coordinate system Local coordinate system (member end forces)
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5. Units

The units used in the program are:
Length, coordinates, in meters (m).

Loads, forces in kN, moments in kN.m, distributed loads in kN/m.
Masses, (lumped or distributed), instead of masses you give the
corresponding weights (concentrated or distributed), in kN or kN/m,
and the masses are computed dividing with the acceleration of

gravity g=9.81 m/sec?.
Modulus of elasticity, in GPa (kN/mm?).

Specific weight, in kN/m?>.

6. Nodal points

Give the nodal coordinates in meters [m] in the global coordinate system.
The nodal point numbers must be unique. Two nodes cannot have the same number.
You must not have node numbers missing. This means if you have a structure with 24 nodes you have
to input the coordinates of all the nodes from 1 to 24.

| | > | mif #] = v x|

nodes lsuppurts] riodal Iu:uads] riodal masses]

niode | ¥ [mn) | y [m] | L
1 1.000 1.000
2 1.000 7.500
3 10.000 12.000
4 159.000 7.500
] 19.000 1.000
w

rnasirmum number of

niodesz = 100

add delete  append

M |G e
ol RIS I B T

9. 00m

past cancel

l 2. 00m

7. Element cross sections

Data for the element cross sections. You group the cross sections and you number the groups, e.g.

column sections=1, first floor beam sections=2, second floor beam sections=3. For every cross
section group you give the necessary data.

= Select structure material (general, concrete, steel, timber). You give the modulus of elasticity in
GPa (kN/mm?), (in case of choosing material concrete, steel or timber an average modulus of elasticity is

automatically shown)

= Select the units for the cross section dimensions (mm, cm, m).

o I [ . [ B 1

elements cross sections l element Ioads] elem. mazses, self weight l

strycture maternial

Steel ~| E(GPa)=| 200.00

Elazticity modulus CIo

zz sechion units

m | 7

Mo |bfom] | hfom] | &g | I [mmd] |
1 250 500 12500E004  25.042E003
2 250 FO0  12500E004  26.042E003

LY

If the cross section is rectangular give the width (b) and the height (h) of the cross section. The cross section area

and moment of inertia are automatically computed.

Y

w1

+—&.50m —+4.50m 4
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If you select concrete as material, by clicking at the second column (sect.), you can select orthogonal or T type
cross section, and you give the corresponding dimensions (b), (h), (b1), (h1) as in the drawing .

For non rectangular cross section give the area and the moment of inertia. In the area and moment of inertia data
the symbol E is the exponential factor and means power of ten, e.g. E002 means 10?%, and E-002 means 1/102.

This symbol can be used in the data you give.

In case of selecting concrete as material, you can select from the second column (sect.), orthogonal or T type
cross section, and you give the corresponding dimensions.

] I o .3 ) S -

elements cross sections l element Ioads] elem. mazzez, zell weight

gtructure material Elazticity modulus crogs section unitz
Concrete ~| E [GF'a]=| 26.00 ||:m j

N e blem]| biem]| b1 (em| b1 (em| & feré] | 1lemd] [~ :

10 250 500 00 0.0 12500E002 26.042E004 |

2i[]" =0l 500 00 0.0 12500E002 26.042E004
.

b1 |

Fh1d

—h

as
A —b—

8. Elements
Give the connectivity and topology of the structure. The element numbers must be unique. Two
elements cannot have the same number. For every element, give the end nodal points and the cross
section number that has been defined in the element cross section data. The two end nodes A and B
define the element orientation. The element is oriented with the node A at left end to the node B at the
right end, and this way the bottom of the beam element is defined. The positive bending moment is
defined when the beam bottom is in tension. See internal forces chapter 15.

ta| <[ o] ] =[] o] ]

elemnerts l Crogs sectiuns] element IDads] elem. mazses, self weight]

elementlnode.-’-‘n. |nude B ||:r. zeckh. | L
1

Fo LD P

2
3
4

nodal point element number
/_ number f section group number

ary

[FaT

1(2)

fi
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9. Elements with hinges
In some cases you may want to use elements with hinge connection on the left or the right side.

B
—
© =
First check " . Then a new column (kind) appears in the element section.
Click on this for some element and select the element you want.

@®

If (no matter how the element kind is) you click
connected on both ends elements.

then the solution will be for regular stiff

elements | cross sections | element loads || weight, mass | Steel

element |node A |node B |cr. Sect.l kind | L 3 3
1 1 2 2 | —
2 2 3 1 5
3 3 401 —
4 4 B 2| —
2 4 1| ) 1 4

10.Supports

With click at the second (support) column the support choices are shown.

For applied displacements, choose the appropriate support condition and give the applied
displacements in [mm] and rotation in radians.

Example: If at a nodal point is applied only horizontal displacement 3 mm, and no vertical, you choose
the first menu choice for rolled support, and give ux=3. ( if you do not give any number for the rotation
but 0 the rotation will be considered free).

With the last menu choice u=, you can specify all the nodal displacements ux, uy and rotation ur.

i I e . S - -

nodes  supports l nodal Iu:uau:ls] nodal masses]

node |sup|:u:urt |u:-<[mm] |u_l.J[mm] |ur[rad] | L
1 e 0.00000 0.00000 0.00000
5 L | | 000000

<]O =0 {uy=,ur=]
Lo =0, uy=0 {Uur=1
T Le=0,uy=0,ur=0
% =0, uy=0,ur=0
b= =, uy=,ur=

Support conditions for the structure.

11.Nodal loads

Nodal forces in the x, y direction in kN, and nodal moments in KNm. The positive direction of forces
and moments is according to the positive direction of the global coordinate system.

The loading in the static analysis is taken as CgxFg+CqgxFq, where Cg and Cq are the load
combination coefficients. Default values are Cg=1.35 and Cq=1.50 (Eurocode 1, EN 1991 1-1:2003).

User’'s Manual 9
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Mg=c0kNm

<l <[ 1|8l =lv|x]3 Forio | domcon
q=2 0kNm

Fgy=-10kN l

nodes ] supports  nodal loads l niadal massex]

lzad combination |1.35 xFg+ |1.5EI xFq Fgx=8kHN
Fgx=4k
node  |Fgu[kM] |FagulkM] [Faplkm] |Faplkn] [MalkNm] MalkNm] — 4
2 8000 4.000
3 0000 6000 E0.000 20000

Fgx,Fgx, nodal forces, in kN, in x-x direction, for permanent and live loads, positive from left to right.
Fgy,Fqy, nodal forces, in kN, in y-y direction, for permanent and live loads, positive from down to up.
Mg, Mg, nodal moments, in KNm, for permanent and live loads, positive clockwise.

12.Nodal masses

Lumped nodal masses due to dead (Mg) and live (Mq) load.
To avoid confusion over the mass units, instead of masses you must give the corresponding weights

in [kN], and the masses are computed dividing the weights by 9.81 m/sec?.

The masses in the dynamic analysis are taken as CgxMg+CqxMgq. Default values are Cg=1.00 and
Cg=0.30 (Eurocode 1, EN 1991 1-1:2003).

| [ = x| Mo eken

nu:ude&] $uppu:urts] nodal loads  nodal masses ]

mass combination | 1.00 xMg+| 0.30 xMg

node | Mol [ Malhl [~
nput nodal weights
2 5.000 2.000 in kM. nodal
3 10.000 E.000 Magses are
computed dividing
4 5.000 5000 by g=3 81m/secd

13.Element distributed loads
Element distributed loads, dead (g) and live (q) in [KN/m]. You can select among five different types of
distributed loads, from the menu that appears by clicking at the (kind) (second column). The kind of
the distributed loads are: uniformly distributed, triangular with maximum value at the right or the left
element end, symmetric triangular, and symmetric parabolic.
The loading direction, perpendicular to element axis, vertical or horizontal, is selected from the menu
appearing by clicking the last column (direction).
The loading in the static analysis is taken as CgxFg+CqgxFq, where Cg and Cq are the load
combination coefficients. Default values are Cg=1.35 and Cq=1.50 (Eurocode 1, EN 1991 1-1:2003).

A L L N S B
elements | cross sections  slement loads l slem. masses, self weight | g=2kN/m
q=0.9kH/m 3
load combination | 1.35 xG + | 1.50 x0
=l © Q)
elemen|_kind | dead g [kM/m] [ive qlkM/m] | diection [[# g=1.5kN/m
R 1500 080 | q=0. 8kN/m
2 2000 PENTHEE z 4
3 . CEE X
2 (el ()
3
4 1 5
5
~
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14.Element distributed masses

Distributed masses over the beam elements due to dead (Mg) and live (Mq) load.

To avoid confusion over the mass units, instead of masses you must give the element distributed
weights in [kN/m], and the masses are computed dividing the weights by 9.81 m/sec?.

The mass in the dynamic analysis are taken as CgxMg+CqgxMgq. Default values are Cg=1.00 and
Cq=0.30 (Eurocode 1, EN 1991 1-1:2003)

If the self weight is checked, the self weight of the elements is taken into account in the vertical loads
of the static analysis, and the masses in the dynamic analysis. The self weight is computed by
multiplying the cross section area of each element with the specific weight of the structure material.

| <[ fre] ] = v x| &

elements] cross sectionsl element loads  elem. mazses, self weight l

\wieight density kNAm3 26,000 include self weight in v
loads and mazzes

Masz combination 100 xMg + |030 xMg

element | Ga[kM/m] | Golkbim] |

Input line weights

K] 2.000 1.000 kM dm. element line
4 3000 1.000 masses are cnmputed
: : diriding b
=9 81m/zec?

15. Static analysis

The computational steps appear on the screen. First the 6x6 element ﬂ -

stiffness matrices are evaluated, using linear elastic theory, and each one S

is assembled in the global stiffness matrix of the structure, that has ﬁ.m Static analysis
dimensions 3Nx3B, where N is the number of nodes and B is the nodal

bandwidth. ﬁﬂ% Crvnamic analysis

The element distributed loads are converted to equivalent nodal loads, that

are added to the existing nodal loads, and the load matrix in the equilibrium

equations is obtained.

The support conditions are applied at the stiffness matrix as well as the load matrix.

The final system of equations is solved with the Gauss elimination method, and the nodal
displacements are obtained.

From the nodal displacements the element end displacements are obtained. These nodal
displacements multiplied by the element stiffness matrix have as a result the internal forces at the
element ends.

From the element end forces the diagrams of bending moments, shear forces and axial forces are
obtained.

16.Dynamic Analysis

The dynamic analysis starts with the corresponding menu. The analysis
steps are shown on the screen with their corresponding duration.
First the 6x6 stiffness and mass matrices are constructed. For the stiffness

matrix linear elastic theory is used, and for the mass matrix consistent +

formulation is used. The element matrices are assembled in the global [ Static analysis
stiffness and mass matrices that have dimensions 3Nx3B, where N is the

number of nodes and N the nodal bandwidth. The matrix eigenvalue ﬁﬂl‘ Dynamic anakysis

equation is solved using the generalized Jacobis method.
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17.Displacements

The adjustment of the colours, the line
thickness, the diagram subdivisions and the
scaling of the diagrams, can be done with the
menu Graphic parameters.

If you select white colour for the node or
element numbers they will not appear in the
diagrams.

18.Internal forces
Member end forces

Fr ¢ m
F*

Fy
M Fy

P g" local coordinate system
(=

global coordinate system

19.Diagrams

Use the menu Graphic parameters, to adjust the colour and
thickness of the lines of the diagrams. If you select white
colour for the colour of the node or element numbers the

numbers will not show on the diagrams.

Diagrams of bending moments, shearing forces and

axial forces.

From Graphic parameters :

e adjust the number of subdivisions at which the diagrams

are computed for each element.

[N

1 10

Displacement diagram

5' max A=165_01 mm

“ N axial force
v shearing force
M bending moment

IR

Bending wonent diagram
_I5 waxM=190.42 kNm, winM=-2ZE£2.732 kNmI.ﬁH'I.UU =

L~

¢ adjust the colour and the line thickness of the diagrams. Selecting white colour for the colour of
the node or element numbers the numbers will not show on the diagrams.

e adjust the scale and the grid appearance

v 1.00

The diagram size is regulated by clicking at

Quick print of the diagram by clicking at ﬁl

Zoom the diagram (x1, x2, x3, x4 times) by clicking at /

20.Natural frequencies

=
=l

o
L]
Lt

-

The natural frequencies in (Hz), and the mode shapes are obtained after the dynamic analysis.

-

Input data

Resulks of skatic analysis
Results of dynamic analysis
Preview Report

Matural Frequencies
Mode shapes
Matrices

* v r v v v

Graphics preview

Report setup
Graphic parameters

Eatural frequencies

o Frequency [Hz] Pericd[sec]
1 2.02037 0.49481
zZ 4. FE340 0.EZz391%8
3 4. 59963 0.z1741
4 Z0.3EEED 004313
5 £4._93403 O.04011
& 37.34861 0O.0Ze77
? L4 22084 g.olaza
g 53._47320 0.01881
9 7759237 g.olzgs

10 94._43947 0.0l05a

11 Sg. EzEzl 0.0lo0z2e

1z 110. 57478 0.00904

1z 127.427E2 0.o0724

14 1&5. 8LEES 0.00803

1L 17E5.242Z24 0.o0E70
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21.Mode shapes

The natural frequencies and the mode shapes are obtained after
the dynamic analysis.

The mode shape number is selected by clicking at I1 3"

. o - veton =
The diagram size is regulated by clicking at i

Quick print of the diagram by clicking at ﬁl

(+)
)
Zoom the diagram (x1, x2, x3, x4 times) by clicking at f

-

ﬂ Natural periods _I
Bel, f=2.0z1[Hz], T=0.4948l[sec] |1 ﬂv 1150 A

22.Designing elements from reinforced concrete according to Eurocode 2

After you select material Concrete an elements | cross sections | elsment loads || slem. masses, self weight
additional page Concrete shows in the

material session.

In this page you input all necessary data for
the reinforced concrete design of the frame
elements.

ghructure matenial Elazticity modulus crogs gection units
R.Concrete w | E[GPa)=| 26.000

N |ersd blem] | hlem] | 61 [em] | W [em] | & [er] | Iema] »
1 %° | #0700 1200 150 31 7S0EO02 13 353E005
20 20 B0 00 00 18000E00Z  54.000E004

b

22.1  Design parameters for reinforced concrete

In page Concrete you define parameters for the reinforced design.

. . .|
1. To select concrete and reinforcing steel class, cI|ck.

The concrete and reinforcing steel
classes are adjusted according to the
selected National Annex.

You can change strength properties for
the concrete and reinforcing steel from

M& - Mational Annex Eurocode EM v

Partial zafety factors for actions wE=1.35 y0=1.50 w2=0.30 w

elements | cross sections | element loads | elem. masses, zelf weight | F.Concrete

Design/Materials/Concrete or Conecrete-Steel class C25/30 - B500C
DeSign/Matefia|S/ReinfOfCing steel. Partial factars for materials ve= 1.50.ys= 1.15 “

. . Concrete cover [mm] Crom= 30 |f%]
2. Partial factors for materials. (=]
This is defined according to National T ETIES ! @ 20 |[¥] fied dameter &
annex, usual values: Fieset element design data |
ye=1.50,ys = 1.15. Elrn. L[] Phifram] | Leulm] Lez[m] Deesian |
3. Concrete Cnom, cover in mm. 1 4.600 20 6.200 6.200 1

z 8.400 20 12.400 12.400 1

4. Preferable _rebar diameter. _ 3 1EDD o0 £.o00 £.200 1
If you check fixed the selected diameter

will be used. If not, some optimum
diameter will be used, around the
preferable.

5. For every element you can defile:
Lcy: Buckling length for in-plane flexural buckling (meters), usually the length of the member.
Lcz: Buckling length for out-of-plane buckling (meters), usually the length of the member.

6. Design: = 1 The reinforced concrete design of this element is performed.
= 0 This element is skipped in the design.
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22.2 Reinforced concrete design according to Eurocode 2

Click Reinforced Concrete Design. All the marked with Euro
coge

Design = 1 elements will be verified according to Eurocode
2, §6, for axial force, shear and bending moment in ultimate
limit state. The design for reinforcement is performed for mid
span, left end and right end of each element. The vertical
elements in compression (columns) are verified for second
order effects according to Eurocode 2, §5.8.3.

] .
|§| Reinforced concrete design, EM1992-1-1,

23.Designing steel members according to Eurocode 3

After you select material Steel an additional elements | Cross sections | element loads | elem. masses, self weight

page Steel shows in the material session. Sg;’:“re atone) - E'?;‘;C"]“ “’°;"D”;m closeetin “
. . 3= . A
In this page you input all necessary data for the | | | | |
. M or. gect. A [rmé] | [rmd] b
steel design of the frame elements. T YR FeETEE
2 I IPE BOO 15.600E003 92 080E007

I Mamard et st fisbion)

If you click on a line of the table on cross section or 3 1

click the table with cross sections shows up and
you select a standard profile for this element.

In order to proceed with the steel design you have to
select standard profiles for all the elements.

I
+
s
ot 3
= 3
. X
+ X
“ I rin
« T

HOHOH MR H H R H H H M H H R ]

23.1 Design parameters for steel Al

In page Steel you define parameters for the steel
design.

1. Select Steel grade.

The steel grades are adjusted according to
the selected National Annex.

You can change properties for structural steel from Design/Materials/Structural steel.

M - Mational Annes Eurocods EM v

Partial zafety factars for actions ywE=1.35 v0=1.50 w2=0.30 “

2. Partial factors for materials. elements | cross sections | element loads | elem. masses, self weight | Stesl
This is defined according to National
annex, usual values: yM0=1.00,
yM1=1.00, yM2=1.25

Structural steel 5 355 f=355M /mr fu=510M

Partialfactors o™ 100 [[3]  ar| 100 [{3] wer| 125 [[3]

[ Reset element desighn data ]

3. For every element you can defile: Eim. Lim] Ley{m] |L°2[m1 "—‘[m] |DESign ‘
Lcy: Buckling length for in-plane flexural 1 4500 8,500 4500 4,600 1
buckling (meters), usually the length of > wam0 2400 2100 5100 1

the member. 3 4500 8.600 4,600 4.600 0

Lcz: Buckling length for out-of-plane ' ' ' '

flexural buckling (meters), usually the
distance of lateral supports as purlins for
rafters.

Lt: Buckling length for lateral torsional
buckling (meters), usually distance of
lateral supports as purlins.

4. Design: = 1 The steel design of this element is performed.
= 0 This element is skipped in the design.

User's Manual 14



Frame2Dexpress RUNET software

23.2  Steel design according to Eurocode 3 o
code

Click Steel design. All the marked with Design = 1 elements

will be verified according to Eurocode 3, §6.2, for axial force,

shear and bending moment in ultimate limit state, according

to §6.3 for flexural and lateral torsional buckling. _

The buckling critical lengths are the ones defined in the steel N Steel design, EN1993-1-1,
design page. The strength checks are performed for mid .
span, left end and right end of each element.

24.Designing timber members according to Eurocode 5

. . . elements | cross sections | element loads | elem. masses, self weight
After you SeleCt materlal Tlmber an add|t|0na| page i structure material Elasticity modulus crozs sectian units
Timber shows in the material session where you define  [fimbe: v £ (GPa)[ 10000
the additional parameters for timber design. N [bleml [hieml | Alor |1 [ema) [ =
1 120 120 14.400E001 17.280E002
. . 2 120 15.0 18.000E001 33.750E002
24.1 DeSIQn parameters for tlmber ] 6.0 10.0 50.000E000 50.000E001

In page Timber you define parameters for the timber design.

1. Select Timber class. The material properties are

according to the selected EN in Design/Materials/Timber. Standard of strength class ()
The EN standards are EN338:1997, EN338:2003, or EN (@) B e Sellsuaet, Y T i
338:2009 or one user defined. Last EN standard is EN © EN 338:2003 Solid wood, EN 11594:2000 Glulam
338:2009. You must notice that using an older © EN 338:2009 Solid wood, EN 1194:2000 Glulam
EN338:1997, EN338:2003 standard with lower defined () South African pine

shear strength the shear strength checks are performed © Usert

with kcr = 1. Selecting EN 338:2009 (which has increased O Ussr

shear strengths) the shear strength checks are performed

with ker 0.67 as is defined in addition A1:2008 of Eurocode 5 (Eq. 6.13a).

elements | cross sections | element loads | elem. masses, self weight | Timber

2. Select service class. Tinber class CIE, tk=16.0N/mn?, hak=10.0N/me_
Select load duration class. Usually self weight is Selis ci: Qass 2 moisture conteri<-20% |
permanent, snow load and live load is long term, wind load o eendbsss Conaen Y,
|S ShOf’t term M aterial factors Timber |1.30 Steel |1.10
i m eym cz[m| esign A
3. Partial factors for materials. This is defined according il :[_;UD _I ‘:_S[DD] [: -
to National annex, usual values: yM=1.30, for timber and 3 n T 03 i
yM=1.10 for steel connectors. 3 T T T i
4 1.200 1.200 1.200 1}
4. For every element you can defile: 5 1000 1.000 1.000 1 v
< ?>

Lcy: Buckling length for in-plane flexural buckling (meters),

usually the length of the member.

Lcz: Buckling length for out-of-plane flexural buckling (meters), usually the distance of
lateral supports as purlins for rafters.

5. Design: = 1 The timber design of this element is performed.
= 0 This element is skipped in the design.

24.2  Timber design according to Eurocode 5

Eurg
Click Timber Design. All the marked width Design = 1 elements it
will be verified according to Eurocode 5, §6, for axial force, shear
and bending moment in ultimate limit state and according to §6.3
for stability. The buckling critical lengths are defined in the timber
design page.
The checks are performed for mid span, left end and right end of
each element.

Timber design, EM1995-1-1,
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24.3 Design notes

The connections in frame are fixed connections. In case you have to define
some timber elements which they are pin-connected to other elements then for
these elements define a separate material-section group and after you define
the b and h of the cross section, change the moment of inertia to a small

number.

Example in the structure showing at the right, the horizontal member

carries only axial force.

structure material

elements | cross sections ‘elamanl loads | elem. masses, self weight | Timber

Elasticity modulus

cross section units

The moment of inertia of this member has been changed by dividing

the original by 10*.

25.Materials for Reinforcing Concrete, Structural Steel and Timber

The materials for concrete, reinforcing steel, structural
steel and timber are adjusted according to the selected
National Annex.

You can change material properties from
Design/Materials.

In order to change values for materials first you have to
unlock the tables with properties.

Click Closed.

For timber you can select one of the EN prototypes.
EN338:1997, EN338:2003 or EN 338:2009 or one
defined by the user.

The user defined prototype allows you do change the
material properties.

Reinforcing Steel (EC2 EN1992-1-1:2004, §3.2)

Concrete properties (ECZ EN1992.1.1: 2004, §3.1)

Eurp
code |

| 457 Timber desian, EN1995-1-1,

T steelprofies, EN1993-1-1, 5.5

T Effective length of columns (R.Cancrete) »

T Effective length of columns (Steel) »

& Concrete, EN1992-1-1, §3.1

% Reinforcing stesl, EN1992-1-1,§3.2

T Structural steel, EN1993-1-1, §3.2

@ Timber, EM1995-1-1, 3

o " . . L I ik | toke | tom [resnns r_.,, o I ek I = | 8 l o
. iyl - s cul Ot | st | a | sl | el | el | DR | sl | P | foRal | gt
Reinforcing steel Class Thg ) oo o D
110 200 ix % n =
5220 220,00 22000 200,00 250 1200 R G0 AW 1w 10 M sm 0 0m @ 12 =
5400 400.00 400,00 20000 250 14,00 R R 1 =
o= =m nm 280 180 ek (1] 0 n 12 =
5400 400.00 400,00 200,00 750 14.00
L= nm nm 2% 200 1, TE0 Ll n 1 =
5500 500.00 500.00 200,00 250 14,00 ) B e B e T B (e (R = =
S500s 500.00 500.00 200,00 750 1100 [ T T T T T T R T S 15 =
B5004 500.00 500.00 200.00 250 1am L BN ®mH W0 W | 40 e s * *® 5
L1 & o m 550 1040 nes W 16 =
B500C 500.00 500.00 200,00 750 14,00 - ~
BAS0C 450.00 450,00 200,00 750 1200 nm B s @ m =
SE70/200 670.00 £00.00 200,00 750 14,00 L L L L R 18 =
00 10500 S0 EL ) &80 08 nes w 16 -1
fyk: characteristic yield siength, ik c: tensile strength, Es: modulus of elastiity, euk: masimum strain, L: steel bar length e . Ioh chasactessic S R ———
o " b0 ¥ gt ngth. Frck: shear sength. (o moduba of
ety Go Shea modube. w. und wechi
nchorages [/ 0K ][ Locked)[ Bypin [ 2 rie | (F 0 ) (oo Bypos ][ 10 )

[Timber v| £ GPal| 10000 |

N [ b [em] | hieml | & o) | Iiemd |
1 &0 20 132006001 53 240E002
2 60 20 132006001 32406002

Sirectural limber Srength elasses E4 338: 2009, EN 1194: 2000

Propertisa of structural stas] ]

= Tanel Grase ty MEgy vt Oommn [ (M) acostiomm [ [ME'a) sy
o o | e | o | pem o |tom | o5 [cwm | Gm | o UreolOoen  |AD<1e100mm
sy | (M | (M) | (Pl | P | Pl | P | s [ s | R | )
o 0 MW AW ) cm ] = = 5
w0l @ 5 -
o6 ] W W0l 04 0 M N 00 SN0 F0 W0 3 7 EN 180252 ™ - = 7y
o 0 Wm0 M0 04 B0 2N 36 W00 E00 30 M0 I — T - = —
=) 0 XM 2N 04 BN 2% 6 W0 G0 2 S W — - — -
(- 0 mN @0 04 N0 28 30 MO0 B0 30 0 4= EHRE 2 = = i =
-] 0 MO M #0280 A MO0 0 T e W SN LA Liid i = cad
o L] 700 S0 04D 20 260 A0 WHO A0 X0 7@ 3N S FEENAL EN 100253 L o ¥ o
(=] o W00 IR0 04D 2300 W 4DD NNOD  BODD a0 0 =0 SEONML EN 100253 o 520 0 520
= 0 W NN 00 X0 20 A B0 E0 40 80 &0 5 N 10053 &0 =50 £ =50
o 0 M0 MN 00 XN 230 A0 MO0 S0 4 S0 40 S TSUML R 1005 - 0 5 =0
o 0 M0 X 00 W0 IW 400 MO0 WO S0 M0 40
£ WEUML EN 100254 ) 4n k= 450
o 0 |l W0 04 BN 3N 40 MO0 W0 SN 00 &0
e 1 BN NN 0 180 750 36 S0 W00 6N W0 4% £ AL E 100 a = =0 e
o 1 MM MN 08 N0 70 400 WO G006 GN 4% B AL Ly L= fet L
LE] 1 W0 WO 06D 20 BOD  AD0 N0 SO0 TR 60 5W SIEwW ENTomeS Lo = a5 )
0% 1 BN AN 080 X0 W 400 13000 W00 800 0 540 595w EN 100255 ) 510 m 430
o4 1 M0 MN 0 X0 B3N 400 N0 WED | S0 80 W0 5 600/ EN 100356 0 =m0 o =0
(2] 1m0 NN 08 B0 53 400 MO0 M0 %0 80 &0 sEmH EN TR P =20 5 40
e 1 mm EN 0@ T WM 4 MU0 ME0 TN WE |
525H EN 1023041 o x0 =5 10
om 1 WM G0 0 M0 138 500 N0 M0 IO 1S w0
SHEH EN 102101 E-3 510 Eo] 40
[+ 2 M KEl 00 M ZW 2 NGO S0 30 T 3
5] I BN WSl 05 XS 300 3N MG W0 40 70 AW L i) Lol e = e =)
L 2 mN DS 08 BEN 30 30 IFN0 W0 M0 80 40 LEclal EN TR0 * il i o
CE) 2 EL T T 360 40 W0 11500 430 ” = SANKHN [URL- ) @ 0 0 20
e I MI M 0X N0 28 2N DGO M0 30 S0 W 3 4RDNHMN EN 1021041 0 0 430 =50
53 2 B0 KE 00 M ZW 2 WS W0 30 7 3
oL 2 TN @S Q45 XS 30 30 IFW WM 40 7S 4w Dioaiuh sin grade - 5 25
e I EN ZE 0® BN 3% 30 MO0 N0 &0 80 40
[(FaErs Ry o 0| [ @ Lohes| [ Eypwt | 7 bew | Mhices |
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26.Frame prototypes

Selecting a Frame prototypes the program defines the nodal coordinates, support conditions and

element properties and connectivity.

— 1 a
[T1ez FHee -
[TT1es FHee HHc

26.1 Effective lengths for columns

A difficult problem for frames is to define the
buckling length for the columns. To help for this
special tools have been included in the program
(Design/Effective length for columns) for braced
and unbraced frames. The curves and tools are
based on Eurocode 2 §5.8.3.2 for concrete and
Eurocode 3 for steel.

r\IDI FP'EI

Fl Gl
|:| b2 ﬁr—j E2 [ re @2
[ o= FI:| E3 AN 53

Bro
o

Timber design, ENLH95-1-1,

-

T seeetceoties, eigm11, 555

»

T Ertectsen iengeh of colmes (R.Conerets)

'i EMfectton longth (R.Concrete), ENI992-1-1, §5.8.3.2

T Effectsve begth of cokarrrs (Steel) 3 fﬁ‘ Effective bermgthrr aced merbers

Makerisls v A effectree tonth nbeaced members

In the appearing windows for computing the effective lengths of columns in braced or unbraced

frames, you input the basic frame dimensions and s

ection properties.

For steel frames you input the ratio of flexural stiffness’s, column stiffness/beam stiffness.
The critical buckling lengths of the columns are displayed as ratios of the column lengths eg. Lcr =

0.62xL,0.59xL

Effective length of columns-Braced members ENY 1993-1-1:1992 Annex E 5]

IB I
=057 n1=0.40 n1=0.40 I—°: 1.000 E}
H |[z000 =fom b
Lor=0.62 sl Ler=0.59 4L Ler=0.59 5L Ic
n2=0.10 n2=0.10 n2=0.10
Py le
} I } f 1 ' . + I - 11_2
L (6000 [2mm L 6000 (2} mm L 6000 (2] imm n2=gﬂf+2@
E' L B Ble B ly
Lo=RL 3 a— 2 Tn |
| & & G

Lerd=10  Lerl=0F Lerd =05
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27.2-D Grillages

Solution and design of 2-D Grillages

New file or Open file from the main menu File\File [Grillage].
Extension of files of grillages is *.GRID2DexpressData.

X,Y coordinates and element data as for frame structures.

Coordinate system as in figure, XY coordinated at the plane of the grillage, Z coordinate
perpendicular to the grillage plane.

v A J
E" /. /J // }

i

hJ

L

Supports

1 :Z movement restricted dz =0

2,3 : All movements and rotations are zero. T 72 ge=p

4  :Vertical movement and rotation around the x-x axis restricted. 2 |77 dz=0, drx=0, dry=0
dz = 0, drx = 0. Specify this for beams in the x-x direction if 3 H de=0, drxt=0, dry=0

the ! LU
twisting deformations are blocked at the supports. 4 & de=0, drx=0

5 :Vertical movement and rotation around the y-y axis restricted. 3 |4 dz=0, dry=0

dz =0, dry = 0. Specify this for beams in the y-y direction if the
twisting deformations are blocked at the supports.

For the solution of the Grillage the shear modulus is taken as 0.40 of the modulus of elasticity,
G=0.40xE

For Nodal loads in the Z directions downwards specify minus (-) sign.
Element loads with plus sign are considered downwards.

Design for reinforced concrete, timber or steel includes design for twisting (torsional) moments.
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28.Reports
The report appears with the preview or print menu commands. = —
With the buttons at the bottom left you can print the ) )

I"t RTF fl t t d d | d th Diagrams of internal forces M, V, H, and d
report, save as an ile, or activate word and load the o il *[n] W[iln] VIEH]
report in it. 0 0.000 0,00 -130.21 -116.06

HH 1 0.100 0.41 -85.23 -10z.14
Thg fourth button when pressed, unlocks the ability to s 0200 082 Can o “an 21
edit the report. 3 0.300 1.24 -12.49 -74.29
The font, and the margins are adjusted from the menu. T o s
5 -5111 w
Report example 2 h
print save to file enter report
[T sent to WORD
[0 ] e 28 0B | BE | o
FRAME 31.37_11_jooR REPORT Lo
Diagrams of intersal forces M, ¥V, W, and displacements d, of clemest 1
A28 LN T
T
o5 o000 0308
Ses Zoois 0.6t
It 2.0 P
-:.3?..‘{ ks
::::: n'r\c ::, ninls 105,87 kN
i 0% Page | of 2
29.Graphic parameters
Graphic parameters |:|
Parameters for graphics on the screen or in the Murber of diagram points per slement w=
report_ Iv araph in scale Mode shapes in printout
Number of diagram points per elements. The I show arid (I tols %
number of subdivision points for each element, at _ - -
. . Objects Color on zcreen Calor in printout Line thickness
which the diagrams are computed and plotted. —
For the graphic appearance you select the graphic 7 2. . . . . . . .

object at the left list box and then you click and
select from the colour boxes the colour you prefer,
and the line thickness. If you select white colour for
the colour of the node or element numbers the
numbers will not show on the diagrams.

The range of mode shapes in printout is selected

Diagr. structure

Diagr. digplacements . . . . . .

Diagr. bending moment|_|

Diaar. shear forces . . . .
Diagr. axial forces

Mode shapes - . . .
Loads i

_I_EL Close | ? Help

with the two values beginning (from) and end (to) mode shape number.

Checking graph in scale the graph will appear with the same scale in horizontal and vertical direction.
Otherwise both directions will expand to the available screen or report size. In many cases it is
preferable to have the graph out of scale in order to appear more clear.
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30.Examples
30.1 Examplel

Frame of reinforced concrete 8.40 m x 4.60 m C25/30 B500C

c255%0 A
Hnnnnnmnnnnnnnnnnmmnmmnnm
E
—1.20m —
0151 T
0.70m
L 5
— !
0.25 ¥
[ Josom
0.60m
TR RN
| 8.40m |

Select a frame from File/Frame prototypes:

— 1 a r\IDI FP'EI TR T
HHe: EHce |:|D2 pHEz [ re B!
FHHe HHc |¢.|D3 FI:|E3 AN TG

Select material R. Concrete and give the basic dimensions, sections and loads.
You can always change and adjust these values afterwards.

Frame prototypes @

I —B—
H
J Lengths L= E.000 |m
1 |
' L ! Heights  H=| 3.000 |m
Cross section of horizontal members
Cross section of vertical members
Permanent load “ariable load
’ lDK ] ’ annceI] | ? Help |
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Click Yes and give the file name.

Information E]

- Click ¥ES ko open a new file with data as the prototype Frame
0 reset the existing file to the prototype Frame
1 MO E kth isting file to th Lok F
CAMNCEL Eo exit

[ Yes l [ Ho ] [ Zancel

Then check and adjust the rest of the values for the structural model.

Select National Annex of your region and partial safety factors.

Usual values for partial safety factors ULS (ultimate limit state) yG=1.35, yQ=1.50 and SLS
(serviceability limit state) yG=1.00, yQ=1.00.

M, - Mational Annes Eurocode EM "

Partial zafety factars for actions wGE=1.35 yO=1.580 p2=030 L

Check the drawing of the structure.
¢ Nodes. Coordinate system at lower left point.
Axis x from left to right, axis y from down up.
The numbering of the nodal points is displayed on the drawing of the structure.

nodez | supports | nodal loads | nodal mazzes

niode | % [m] | o [m] |
1 0.000 0.000
2 0.000 4500
3 2.400 4 600
4 a.400 0.000

e Supports. Nodes 1 and 4 fixed.

nodes |} i| nodal loads | nodal masses

node support | w[mm] | uy[mm] | uifrad]
1 i 0.00000 0.00000 0.00000
4 o 0.00000 0.00000 0.00000

¢ Nodal loads are zero, (in this example there are no loads on the nodal points).

nodes | supports || nodal |'3'~3'2|3f nodal masses

Ioad combination | 1.35 |xFg+ | 1.50 xFq
hiods [FaulkN]  |FaulkM]  |FalkN]  |FaulkM]  |MglkNm]  |MglkNm] |

¢ Nodal masses are necessary only in dynamic analysis.

e Elements. The element numbering is displayed on the drawing of the structure.
Nodes A and B are the left and right nodes of each element. Cross section is the number in
parenthesis next to each element and represents the number of the section group which properties
defined in the page cross sections.
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elements | cross sections | element loads

elernent hode & hiode B I, seck,
1 1 2 2
2 2 3 1
3 K] 4 2

Cross sections. The material is R. Concrete. The modulus of elasticity is automatically adjusted (26
GPa R. concrete, 210 GPa Structural steel and 10 GPa timber).

Select units for cross section dimensions (eg. cm). For every cross-section group, (1 for horizontal
beams, 2 columns) select cross section, T or rectangular cross section.

The cross section sizes are: b (width), h (height), b1 (effective flange for T section) and h1 (slab
thickness for T section). The values for A and | (area and moment of inertia of the cross section)
are automatically set from b, h and b1, h1 values.

elements | cross sechions | element loads | elem. masses, self weight | B.Concrete

shructure material E lazticity modulus crozs sechion unitz
R.Concrete % | E [GPa)=| 26.00 crno W
M |crsel blem] | hiem] | b1 [em] | Wi fem] | & [cme) | 1 [cmd]

1| 1T 250 700 1200 15.0 31.750E00Z 13.353E005
2 0 300 E0.0 0.0 0.0 18.000E 002 54.000E004

Element loads. For every element loaded with distributed load supply one or more loads. Number of
loaded element (eg. 2), kind (uniform triangular etc.), load value (dead load g kN/m or live load q
kN/m). Careful with dead load, give the additional to the element self weight. The program computes
the self weight of the elements if it is checked in the next page (mass self weight) of data. The load
direction is (2) downwards for gravity loads and snow load, (1) for wind and pressure and (3) for
horizontal loads as seismic load.

elements | cross sections | element loads | elem, masses, zell weight | F.Concrete

load combination | 1.35 |«G + | 1.50 | %0

element | kind | dead g [kN/m] |live g [kN/m] |direction |

2 (I 22,500 12400 ¥

Element masses, self weight. The weight density of the material. If you check to include the self
weight in the load and masses, the program adds in dead loads the self weight of each element (unit
weight) x (cross section area). The weight density is set automatically by the program (R. concrete
25 KN/m®, steel 78.50 kN/m?®, timber 9kN/m®).

elements | cross sections || element loads | elem. masses, self weight | B Concrete

' ' include zelf weight in
Weight demsity kMAm3 | 25.00 lnads and masses

b azz combination 1.00 Mg + | 0.30 | xMq

Element | Ga [kN/m] | G [kN/m] |

Concrete. You specify the basic data for the design of reinforced concrete according to Eurocode 2.
Select Concrete and Steel class. Partial factors for materials, according to the National Annex, for
ULS (ultimate limit state) yc=1.50, ys=1.15 and SLS (serviceability limit state) yc=1.00, ys=1.00.
Cnom is the concrete cover according to Eurocode 2 §3.4.1.

The rebar diameter is used as the optimum desired by the program. If you check next to the rebar
diameter then is only this diameter selected by the program. For every element you may specify in
the column Phi [mm] the desired rebar diameter eg. 20 mm for columns and 16 mm for beams.

The buckling lengths Lcy and Lcz for in and out of plane buckling are used for stability checks using
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second order effects for the columns, according to Eurocode 2 §5.8.3.

In the column Design, mark with 1 the elements which you want to be included in the design of
reinforced concrete. In this example the elements 1 and 2 are marked with (1) and element 3 with
(0), as there is no need because of symmetry to include element 3 (right column) in the reinforced

concrete design.
elementz | crozs sectionz | element loadz | elem. maszes, zelf weight| R.Concrete

Concrete-Steel class |E25J’3I] - B00C |

Partial factors for materials |1,.rc= 1.50.¥s= 115 v|

Concrete cover [mrm] Enam=E:}
Rebar diameter [mm] L] E] fived diameter

Reset element design data ]

Elrn. L[m] Philrarm] L] Lzz[m] Dezign
1 4.600 20 8.650 8.E50 1

2 2.400 16 2.400 2.400 1

3 4.600 20 8.650 2.650 1]

In order to define the buckling lengths of the columns for unbraced frame according to Eurocode 2
5.8.3.2, use the extra tools of the program Design/Effective length-Unraced members.
For this example we obtain Lcr=1.88 x L = 1.88 x4.60 = 8.65 m

Euwrn
coge

-

ﬁ Reinforced concrete design, EM1992-1-1,

I Steel profiles, EM1993-1-1, £5.5

T-PT-| Effective length of columns (R, Concrete) Dj. Effective length (R.Concrete), EM1992-1-1, §5.8.3.2

H Effective length of columns (Steel) 4 m Effective length-Braced members

Effective length-Unbraced members

Materials
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Effective length of columns-Unbraced members, EN1992-1-1, § 5.8.3.2

-1 o] |
ﬁ . LTI ITTITL

b= 250 [*lmm

h=700 *mm .

| [£2] _ E_C
—_alc
I —— Ka-265 KA=0.70 KA=0.43 : I KA-}: oS
= [Lo=154,L | [Le=ta24 | ¢ A T
: = = e Ty |
KB=0.10 KE=0.10 KE=0.10 -
5 i —
| | . ! ¥ F m
L [3300 [} nm ' L[sood [Zfjmm ‘ L [s000 [Z}imm ' k|, .
L 2
=lors | _
L-fL z-PL In Ky=2F
' + & o E G
Lerd =20 Lorl=10 - Iy

After you give all the data the reinforced concrete design is performed according to Eurocode
2.

Eurn
code

sign, EM19

ET( Reinforced concret

I Steel profiles, ER1993-1-1, §5.5

H Effective length of columns (R Concrete) L4
H Effective length of columns (Steel) *
»

Materials

Check if every element is verified in the design.
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1-Finite element model (FEM)

element:l, Reinforced concrete design is 0K
element:2, Reinforced concrete design is OK
element:3, Reinforced concrete design not performed

Hodal points

Hode % [u n
1 0.000 0.000
z 0.000 4.600
3 8. 400 4.800
4 8.400 0.000

Supports

Hode kind wefum]  uy[om]  ur[rad]
1 fixed wesug=ur=0
4 Eixed wosug=ur=0

Materials

Haterial : R.Concrete, E=  26.000 [GPa]

Weight density : p=  25.000 [kN/m’]

The element self weight is included in loads and masses

Element cross sections
Cr.sec. blcm] hfem] bllcn] hifem]  Acfem®] Ic[cnd] ~

(] =@

Nedl-
Click for complete formatted report.

=k
From the report preview you can print all or part (from page to page) of the report = or you

0

can export to PDF or Word files .

Print preview:

g = £
dv¥ e ) = HE=
~
exBETON M Py 1
1-Finite element model (FEM)
z 2 i
)
s
o
1
Nodal points
Hode a_lw ¥lul 3
I 0.000 0.000
2 0.000 4_500
3 8.400 4.600
4 8.400 0000
Supports
Node ux [mm] uy(uu]  ur[rad]
1
4
Materials
Material : R.Concrete, E= 26.000 [GPa]
Ueight density : p= 25,000 [kN/m?®]
The element self weight is included in loads and masses &
< >
0% Page
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30.2 Example 2

Steel frame 8.40 x 4.60 S355

5355 g=8.80 kNim
[TTTTTTITTTTTTITITITITTTTOADUNTOAININTITOTITITITN a=12.40 kNfr
IPE 500
£
=]
]
=T
IPE 600
T -
I 8.40m |

Select a frame from File/Frame prototypes:

Frame prototypes 1 = a r\| D1 F]:| Et TR Tt
[Tl FHee BEHce |:|Dz F;:|Ez [ R T ez
[MTlas FHes BHe [ os p]:|E3 AN T G

Select material Steel and give the basic dimensions, cross sections and loads.
You can always change and adjust these values afterwards.

. . |£F
For element cross sections click .

Frame prototypes @

—_—ry

o= | BED [kism

Lengths L=|8400 |m
| |
' L ! Heights  H=| 4600 |m
Crozs section of horizontal members IGEGI
A= (11550 e |= |432000000 rirnd
Cross section of vertical members IGEE00
A= | 15600 i |= |920800000 mmd
Permanent load Variable load

o= | 1240 [k

[ ok | [ X Cancel | [ 2 Heb

Click Yes and give the file name.
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Information E]

- Click ¥ES ko open a new file with data as the prototype Frame
0 reset the existing file to the prototype Frame
1 MO E kth isting file to th Lok F
CAMNCEL Eo exit

[ Yes l [ Ho ] [ Zancel

Then check and adjust the rest of the values for the structural model.
Select National Annex of your region and partial safety factors.

Usual values for partial safety factors ULS (ultimate limit state) yG=1.35, yQ=1.50 and SLS
(serviceability limit state) yG=1.00, yQ=1.00.

M, - Mational Annes Eurocode EM "

Partial zafety factars for actions wGE=1.35 yO=1.580 p2=030 L

Check the drawing of the structure.
¢ Nodes. Coordinate system at lower left point.
Axis x from left to right, axis y from down up.
The numbering of the nodal points is displayed on the drawing of the structure.

nodes | supports | nodal loads || nodal maszes

niode | % [m] | y[m] |
1 0.000 0.000
2 0.000 4500
3 8.400 4 600
4 8.400 0.000

e Supports. Nodes 1 and 4 fixed.

nodes |} i| nodal loads | nodal masses

node support | Lis[mmy] | Ly[mmy] | uifrad]
1 T 0.00000 0.00000 0.00000
4 mr 0.00000 0.00000 0.00000

¢ Nodal loads. Vertical loads on nodal points 2 and 3, permanent 95 kN and variable 125 kN. Sign of
loads (-) negative, loads downwards.

nodes

load combination | 1.36 xFg+ | 1.50 xFq

niode [FaukN]  |FoelkN]  |FaulkM]  |FaulkM]  [MalkMm] [Malkhm] |
2 0.000 0000 -95.0000  -125.000 0.000 0.000
3 0.000 0000 -95.000  -125.000 0.000 0.000

¢ Nodal masses are necessary only in dynamic analysis.

e Elements. The element numbering is displayed on the drawing of the structure.
Nodes A and B are the left and right nodes of each element. Cross section is the number in
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parenthesis next to each element and represents the number of the section group which properties
defined in the page cross sections.

elements | cross sections | element loads

element |n-:u:|e &, |n|:u:|e B cr. sect,
1 1 2 2
2 2 3 1
3 3 4 2

¢ Cross sections. Material Steel. The modulus of elasticity is automatically adjusted (210 GPa for
steel). Select units for cross section dimensions eg. mm). For every cross section group (1 for
horizontal beams, 2 columns) select cross section. In the column with the name of the cross section

click [ and the library with all the steel cross sections is display to select cross section type and
size.

elements | crosz sections | element loads | elem. masses, self weight | Steel

ghructure material Elazticity modulus crogs zection unitz

Steel v | E[GPaj=| 210.00 T

N |er. sect. | | & [mrr?] | 1 [mmd]
1 I IFE 500 11.550E003 438 200E007
2 I IPE GO0 15 6O0EO03 92 080E 007

e Element loads. For every element loaded with distributed load supply one or more loads. Number of
loaded element (eg. 2), kind (uniform triangular etc.) load value (dead load g kN/m or live load q
kN/m). Careful with dead load, give the additional to the element self weight. The program computes
the self weight of the elements if it is checked in the next page (mass self weight) of data. The load
direction is (2) downwards for gravity loads and snow load, (1) for wind and pressure and (3) for
horizontal loads as seismic load.

elements | cross sections | element l0ads | elem. masses, self weight | Steel

load combination | 1.35 |xG + | 1.50 | %0

element | kind |dead g [kN/m] | live q [kN/m] |direction |
2 (I 8.600 12400 A

o Element masses, self weight. The weight density of the material. If you check to include the self
weight in the load and masses, the program adds in dead loads the self weight of each element (unit
weight) x (cross-section area). The weight density is set automatically by the program (steel 78.50

kN/m?®).

elements | cross sections | element loads | elem. masses. self weight | Siee|

include zelf weight in

Weight demsity kM/m3 | 78.50 lnads and masees

tass combinatian 1.00 xMg + 030 | Mg

element | G [kN/m] | G [kN/m] |

o Steel. You specify the basic data for the design of steel according to Eurocode 3.
Select Steel grade. Partial factors for materials, according to National annex, for ULS (ultimate limit
state) yMO = 1.00, yM1 = 1.00, yM2 = 1.25. You have to define the buckling lengths. Lcy buckling
length for in plane buckling. For braced frames this is less or equal to the member length, for
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unbraced members is grater. Lcz buckling length for out of plane buckling and it is defined from the
lateral supports. For horizontal beams it is usually the distance of the lateral beams or the purlins. In
the column Design mark with 1 the elements which you want to be included in the design of steel
according to Eurocode 3. In this example the elements 1 and 2 are marked with (1) and element 3
with (0), as there is no need because of symmetry to include element 3 (right column) in the steel

design,
elementz | crozs sectionz | element loads | elem. maszes, zelf weight| Steel

Stuctural steel '5 355 Fy=355M /mi fu=G10N + |
Y™ 1.00 E:} Y| 1.00 E:} Y= 1.25 E:}

Partial factors

[ Reset element design data ]

Elm. L[m] Ley[m] Lez[m] Lt[m] Deszign
1 4.600 B.67 4.600 4.600 1
2 8.400 8.400 2100 2100 1
3 4.600 B.B7 4.600 4.600 0

In order to define the buckling lengths of the columns for unbraced and braced frame according to
Eurocode 3, use the extra tools of the program Design/Effective length of columns/Unraced members.

For this example we obtain Lcr=1.45xL =1.45x4.60 =6.67 m

Eurn
coge

\\:l Steel design, EM1993-1-1,

I Steel profiles, EM1993-1-1, £ 5.5

H Effective length of colurmns (R Concrete) r

TIPTJ Effective length of columns {Steel)

b_' " Materials

ﬁ Effective length {Steel)

L m’ Effective length-Eraced members

Effective length-Unbraced members
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Effective length of columns-Unbraced members ENY 1993-1-1:1992 Annex E (]

Bra
5
Ip [7] I
ac ely
n1=0.71 1-055 n1=0.55 %:5 Le EA‘ c+§ b
H |[4600 [Zmm b "
m \Lm 1304 [Lor1300 | Ic | . |
- b
2 0.10 2 0.10 2=DTD
=010 | =010 [r2=010 ] A —
7 ' ¥
\ | | } '> 1‘:
L [s400 [Zim L[ss00 [Z}mm L s400 [ZHmm I ok
1 7= Bl
Ler=B-L lZB_I & %I—:+%%
y ¢ I + %

Lerl=20 Lerl=10

After you give all the data the steel design is performed according to Eurocode 3.

Ewxo |
eooe

Skeel profiles, EM1993-1-1, §5.5

H Effective length of columns (. Concreke) r

Effective length of columns (Steel) r

b_' """" Makerials J

Check if every element is verified in the design,
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=
elementil, Steel desigm is OH
element:2, ireel desiom is 0K
element:3, Steel design not performed
Hodal points
Node ® [m n
1 0.000 0.000
2 0.000 4,600
3 §.400 4,600
4 5.400 0.000
Supports
Node kind e [ uy[um]  ur[rad]
1 fixed ux=w
4 fixed ux=uy:
Materials
Material : Steel, E=  210.000 [GPa]
Teight density : p= 78.500 [kN/w®]
The element self weight is included in loads and masses
Element cross sections
Cr.sec. h[mm] hlmm] Ac[mm?] Ic[mnd]
1.15500E+004 4, 82000E+008
2 1. 56000E4+004 9.20800E4008 ]
= w4

Nedl-
Click for complete formatted report.

=E
=

From the report preview you can print all or part (from page to page) of the report or you

[l

can export to PDF or Word files .

Desigring frame structure s from Steel
1-Finite element model (FEH)
2 () 3
o
)
i
1
Wodal points
Hode  m] yinl _
1 L) a.ono
& L) 4. 600
2 & 200 4. 600
4 & 200 a.ono
Supports
Rode kind 1 [rom] ny [romn ] ur[rad]
1 fiwed ux=uy=ur=n
4 £iwed wxTuy=ur=i
Haterials
Material : 3teel, E= £10. 000 [GPa)
Weight density : p= T5.500 [kHim3]
The element self weight is included in loads and masses
Element cross sections
Er.sec. BLnm] b [mrn] &c[rm2] Tclmmd]
1.15500E+00 ¢ 4. FE000E+00F v
0% Page
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30.3 Example 3
Timber structure 6.40 x 4.60 C24

g =0.80 kNfm
c24 q=1.60 kNim

<
I 120%150mm
1.20m
Boxso |
=
H—1.00m —- o
”m
120x120mm
e .
| 4.40m |
Structural model
g =0.80 kN/m
c24 q=1.60 kN/m
310 D_B @ ® ®
120%150mm -1
B0XS80
190 (5) ®
§
]
120x120mm
@\ o1
[=] o o [=]
000 © e - i
9 - ° N
| 4.40m |

Create a new file:

FH Frame prokobypes
Open
Save
Save As
Delete
Delete all data
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Supply all the data of the Timber structure.

Select National Annex of your region and partial safety factors.
Usual values for partial safety factors ULS (ultimate limit state) yG=1.35, yQ=1.50 and SLS
(serviceability limit state) yG=1.00, yQ=1.00.

M - Matiohal Annes Eurocode EM w

Fartial zafety factors for actions wG=1.35 (=150 2=0.230 w

¢ Nodes. Coordinate system at lower left point.
Axis x from left to right, axis y from down up.
The numbering of the nodal points is displayed on the drawing of the structure.

Use E]E]E]E]E]E] [E-] for adding or altering lines in the table.

nodes | supports | nodal loads | nodal mazses

niode | % [m] | y [m] |
1 0.000 0,000
2 0.000 2100
3 4.400 3100
4 4.400 0,000
] 0.000 1.900
E 4.400 1.900
7 1.000 3100
a 3.400 3100

e Supports. Nodes 1 and 4 are pin supports. Click support to select support kind.

hodes | Upports | modal loads || nodal masses

node | support | Lix[mim] | Ly[mm] | uifrad]
1 AN (0. 00000 0.00000 000000
4 PN (0. 00000 0.00000 000000

¢ Nodal loads are zero (in this example there are no loads on the nodal points).

nodes | supports | nodal loads | nodal mazzes

load combination | 1.35 |xFg+ | 1.50 xFq
node  |FoskM]  |FoukM]  |FoplkW]  |FaukM]  [MolkNm] |MolkNm] |

¢ Nodal masses are necessary only in dynamic analysis.

e Elements. For every element according to the numbering of the line drawing of the model supply
the element number, the number of the left and right. Number of cross section 1 for vertical
elements, 2 for horizontal and 3 for diagonal elements.
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elements | cross sections | element loads

elernent hode &, node B . zect,

w0 - M D
L ey B IR B LS T R TR ) e R
Lo p IS I w T BN B p IR ST TR ) |
DI L P P e |

Cross sections. Select material timber. The modulus of elasticity is automatically adjusted (10 Gpa
timber). Select units for cross section dimensions (eg cm).

For every cross section group (1 vertical elements 12x12, 2 horizontal 12x15, 3 diagonal 8x8)
supply the cross section sizes b width, h height. The values for A and | (area and moment of
inertia of the cross-section) are automatically set from b h. The diagonal elements usually are pin
connected with the vertical and horizontal elements. In order to approximate such a model with the
program (pin connections for nodes 5 and 7 for element 8), after you give the cross section
dimensions b = 8 and h = 8 for group section 3, change the moment of inertia value | to a much
smaller value.

In the example instead of 341.33 has been changed to 34.13 (10 times smaller).

With this change the diagonal elements become flexible and do not take bending moments (see
bending moment diagram).

elements | cross sechions | element loads | elem. masses, self weight | Timber

shructure material E lazticity modulus crozs sechion unitz

Tirnber % | E[GPa)=| 10.000

M | blem] | b [cm] | & [en?] | 1 [cmd]
1 120 120 14.400E001 17 280E002
2 120 15.0 18.000E001 3A3.750E002
3 an a0 G4 .000EQ00 34.133E001

Element loads. For every element loaded with distributed load supply one or more loads. Number
of loaded element (eg. 2), kind (uniform triangular etc.), load value (dead load g kN/m or live load
g kN/m. Careful with dead load, give the additional to the element self weight. The program
computes the self weight of the elements if it is checked in the next page (mass self weight) of
data. The load direction is (2) downwards for gravity loads and snow load, (1) for wind and
pressure and (3) for horizontal loads as seismic load.

elements | cross sections | element loads | elem. masses, zell weight | Timber

load combination | 1.35 |wG + | 1.50 | %0

element | kind |dead g [kMN/m] | live g [kN/m] |direction |
5 [ 0.800 1.600
5 (I 0.200 1600 &
7 (I 0.200 1600 d

Element masses self weight. The weight density of the material. If you check to include the self
weight in the load and masses, the program adds in dead loads the self weight of each element
(unit w%ight) X (cross section area). The weight density is set automatically by the material (timber
9 kN/m~).

Timber. You specify the basic data for the design of the timber members according to Eurocode 5.
Select timber class (C24), service class and load duration class.
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Material factors according to national Annex. For ULS (ultimate limit state) yM=1.30 and for SLS
(serviceability limit state) yM=1.00. You have to specify the buckling lengths Lcy and Lcz for in
plane and out of plane buckling. For the horizontal elements Lcz is the distance between
transverse beams or purlins (1.20 m).

elements | cross sections | element loads | elem. masses, self weight | Timber

Timber class C24, frok=24.0M oref, frok=14.0M froreé %
Service class Clazs 2, moisture contents =202 v
Load duration clazses Long-term W
Material factars Timber | 1.30 Steel | 1.70

[ Rezet element design data ]

Elrn. L[rn] L[] Lzz[m] Deszign
1 1.900 1.900 1.900 1
2 1.900 1.900 1.900 o
3 1.200 1.200 1.200 1
4 1.200 1.200 1.200 o
5 1.000 1.000 1.000 1
E 1.000 1.000 1.000 o
7 2,400 2400 1.200 1
8 1.562 1.562 1.562 1
3 1.562 1.562 1.562 o

After you give all the data the timber design is performed according to Eurocode 5.

Timber design, EM1995-1-1,

I Steel profiles, EM1993-1-1, §5.5

H Effective length of columns (R Concreke) r
H Effective length of columns (Steel) L4
"""" Matetials »

Check if every element is verified in the design.
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~
1-Finite element model (FEM)
A
element:]l, Timbher design is 0E
element: 2, Timber design not performed
element: 3, Timber design is 0K
element:d, Timber design not performed
element:5, Timber design is 0K
element: 6, Timber desziogn not performed
element: 7, Timber design is 0K
element: S, Timber design is 0K
element:d, Timbher design not performed
Hodal points
Node ® [m] [m]
1 0.000 0.000
& 0.000 3.100
3 4.400 3.100
4 4,400 0.o0a
5 0.000 1.900
[ 4.400 1.900
7 1.000 3.100
g 3.400 3.100
Supports
Node kind 1< [ ] uy[mm] ur[rad]
1 pin ux=uy=0
4 pin ux=uy=0
Materials b
oF == (Eom]

Click IFJ] for complete formatted report.
=
From the report preview you can print all or part (from page to page) of the report, = B or you

can export to PDF or word file &= B
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