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New-Updated version of Frame2Dexpress:

¢ Design for reinforced concrete, steel and timber according to Eurocodes.
e Frame prototypes for easy generation of structural models.
o Steel profiles. All the standard steel profiles for the design of steel frame structures.

1. Designing elements from reinforced concrete according to Eurocode 2

After you select material Concrete elements | crosz sections | element loads | elem. masses, self weight
an additional page Concrete shows structure material Elasticity modulus cross section units
in the material session. Rlonciste [ E (GPal=| 26.000

In this page you input all necessary N |orsd blem] | hiem] | b1 [om] | b [om] | & [en] e »
data for the reinforced concrete 177 250/ 700) 12000 150 F.7S0E002)  13.353E005
design of the frame elements. 20 30 s00 00 00 18000E002  54.000E004

¥
1.1 Design parameters for reinforced concrete

In page Concrete you define parameters for the reinforced design.
1. To select concrete and reinforcing steel class, cIick.

The concrete and reinforcing steel

N J A&, - Mational &nnex Eurocade EN A"
Classes are adJUSted aCCOfdlng to the Partial zafety factors for actions ywG=1.35 y0=1.50 w2=0.30 w
selected National Annex.
You can change strength
properties for the concrete and elements | cross sections | element loads || elem. masses, self weight| R.Cancrete
reinforcing steel from Concrete-Steel class C25/30 - B500C
Design/Materials/Concrete or _ _
Design/MateriaIs/Reinforcing steel. Partial factors far materials ye= 1.50.ys= 1.15 ~

Concrete cover [mm) Chom=| 30 E:%

2. Partial factors for materials. Rebar diameter [mm] “20 E] fived diameter &

This is defined according to

K [ Rezet element design data ]
National annex, usual values:

yc = 1.50, ys = 1.15. Elm. L[] Philmm] ‘Lcy[m] ‘ch[m] |Design |
_ 1 4,600 20 £.200 £.200 1

3. Concrete Cnom, cover in mm. > a0 a0 12400 12400 :

4. Preferable rebar diameter. 3 4.600 20 6.200 B.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.

1.2 Reinforced concrete design according to Eurocode 2
Click Reinforced Concrete Design. All the marked with Ewo |
Design = 1 elements will be verified according to EanE
Eurocode 2, §6, for axial force, shear and bending

Reinforced concrete design, EM1

moment in ultimate limit state. The design for W
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.
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2. Designing steel members according to Eurocode 3

After yOU Select material Steel an elements | Crogz 2actions | element loads | elem. masses, sell weight
additiona| page Steel ShOWS in the structure material Elasticity modulus cross section units
material session. Steel ~ | E[GPal=| 210.000 ‘1_!
In this page you input all necessary data N fersect | |4 frorrE] | 1 [rmmd) | &
for the steel design of the frame elements. 1. L iPEs 18506003 48.200E007

2 I IFE 00 15.600E 003 92.080E007

If you click on a line of the table on cross section ~ [EEEE==—.

or 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.

® @ 53 53 23 TN G T MW ZE 17 312 63 3 LW 02 A A7 1M
MO S 45 6B 27 WED B3 M0 N2 NG AR 447 23 4B G0 LW 7R LT W6
0 S 5177 31 13 100 D80 ST EIE A 4 RSN T4 240 13 AE 23 T4
MO B ST BE A W T3 S0 M KA SE 9K M W LB NG AW 17

3332

gEEHEdEE 8

= 53104 41 TR 2814 L0 190 1A 24 NW B@

13 45 D0 2 210 240 T AW 4 170 B0

313212

EHHHETHYEE

21 Design parameters for steel

In page Steel you define parameters for the steel design.

1. Select Steel grade.

The steel grades are adjusted according N -National Annes Eurocods EN ¥
to the selected National Annex. Partial safety factors for actions ¥G=1.25 yU=1.50 wa=0.30 b
You can change properties for structural steel from Design/Materials/Structural steel.

2. Partial factors for materials.
This is defined according to

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

National annex. usual values: Structural steel 5 355 fo="3580 rm? fu=5T00M W

, : . _ [a] _ [a] _ [l
yM0=1.00, yM1=1.00, yM2=1.25 Patialfactors  Ww”| 100 iy Wl 100 Jizg Wonn 150 17

[ Reset element design data ]

3. For every element you can defile:  [g. Lirm] Lesiml ‘ch[m] ||_t[m] ‘Design |
Ley: Buckllng. length for in-plane ] Teo YT e e .
flexural buckling (meters), usually
the length of the member. el 5400 2100 2100 L
Lcz: Buckling length for out-of-plane | 2 4.600 8.600 4.600 4.600 o

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.

2.2 Steel design according to Eurocode 3

Eurn
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 zel desion, ENL
steel design page. The strength checks are performed

for mid span, left end and right end of each element.
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3. Designing timber members according to Eurocode 5

After you select material Timber an additional slements | 00ss sections | slement oads | elem. masses, self weight
page Tlmber ShOWS II’] the mater'al SeSSIon structure material Elasticity modulus cross section units
. - Timby E [GPal=| 10.000
where you define the additional parameters for e | i |[ o | | |
- . M b [cm] h [em] A [onf] | [emd] A
tlmber deSIgn 1 120 120 14.400E001 17.280E002
2 120 15.0 18.000E001 33.780E002
3.1 Design parameters for timber 3 B0 10.0 60.000E00D 50.000E00M

In page Timber you define parameters for the timber design.

1. Select Timber class. The material properties B T atre i X
are according to the selected EN in
Design/Materials/Timber. () EN 338:1397 Solid wood, EN 1134 Glulam

(7 EN 338:2003 Solid wood, EN 1134:2000 Glular
(&) EM 338:2009 Solid wood, EN 1194: 2000 Glulam
() South African pine

The EN standards are EN338:1997,
EN338:2003, or EN 338:2009 or one user
defined. Last EN standard is EN 338:2009. You

must notice that using an older EN338:1997, O Userd
EN338:2003 standard with lower defined shear O e
strength the shear strength checks are performed
Wlth ka = 1 Se|eCtIng EN 3382009 (WhICh haS elements | cross sections | element loads | slem. masses, self weight | Timber
increased shear strengths) the shear strength Timben class 16, fnk=16 0N fmn. fok=10.0N /s
checks are performed with kcr 0.67 as is defined in~ S=ve=cs (ozs 2 mostue cotert<=70% &l
addition A1:2008 of Eurocode 5 (Eq. 6.13a). R I Longtem ~
Material factars Timber | 1.30 Steel | 1.10
:
2. Select service class. o = T o [ B
Select load duration class. Usually self weight is . o0 — i -
permanent, snow load and live load is long term, 3 Tt Tem T80 A
wind load is short term. 3 T 1200 1200 ;
4 1.200 1.200 1.200 1}
3. Partial factors for materials. This is defined 5 1.000 1.000 1.000 1 v
£ b

according to National annex, usual values:
yM=1.30, for timber and yM=1.10 for steel connectors.

4. 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 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.

3.2 Timber design according to Eurocode 5

Click Timber Design. All the marked width Design = 1

elements will be verified according to Eurocode 5, §6, Eru B

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. A+ Timber design, EM1995-1-1,
The checks are performed for mid span, left end and

right end of each element.
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3.3 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 |n the Structure ShOWIng at the I‘Ight, the elements | cross sections |element loads | elem. masses, self weight | Timber
horizontal member carries only axial force. |T‘mb‘ mata"a'v| E'[G‘P']”rfu‘m o LTI
The moment of inertia of this member has been T
. .. 4 o] | hiem] | & ene] [ I1em4] |
changed by dIVIdIng the orlglnal by 10 1 ED 220 13.200E001 53 240E002
2 E0 220 132006001 B3 2406002

4. 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 — |&7 mbe cesn, enoss-io,
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.

Eura
eode

I Steel profiles, EN1993-1-1, §5.5
T Effective length of calumns (R.Concrete) »
T Effective length of calumns (Steel) »

Concrete, EN1992-1-1,§ 3.1

The user defined prototype allows you do _

i
change the material properties. @ Reforcing stee), EN19%2-1-1, 5 3.2
T

Struckural skeel, EMN1993-1-1, §3.2

Reinforcing Steel (EC2 EN1992.

" " . . ) o | |18 [ b b [0 | 85 | 0 o]
- yl tk.c s eul IMPal | aPal | (Pl | Pal | DaPal | maPal | DAPal | [GPal | [oPal | penm
Reinforcing steel Class MPa] [MPa] [GPal [t w1
o5 | wm w1 | 10 20 3@ | 0@ | % n =
5220 220,00 22000 20000 250 1400 os® | BW AW 1% 1m0 5w om 2 | =
5100 400,00 40000 20000 250 1000 cws | W =W 20 | W 2% s@ | 0m 2 ]
cm | sm mw 20 | 1@ 3% 680 | 04 3 ]
54005 400.00 400.00 200.00 750 1400
cvw | W W 2% | 20 | 3w e | o4 B w | =
5500 500.00 500.00 200.00 250 14.00 e o oo o E=m | @ om | om | @ o e
55005 500,00 500.00 200,00 750 1400 cam | wm mm 3 | 29 40 sa | o4 B ]
B500A 500,00 50000 20000 250 1000 CEm | s mW 3w 2m | 4% s | o4 B O]
s—— - o B sum @m0 40| 2m | 5% 1040 | o4 3 ]
CHE7 s G0 40 3m | S0 040 045 B w | =
B4SIC 450,00 45000 200,00 750 1400 I E]
S670/800 67000 80000 20000 750 1400 Gokd ([ Gl || B2 || &9 || €60 || Ge || TE )] G || & = =
Conos | sm0 10800 s00 | 3m  Eed  t040 | o4 3 O]
fyk: charanteristic eld strength, Rk o tensies stiength. Es modulus of elasticity. euk: masimum srain, L steel bar length ek chatsceitic cylrder compressive shergih ot 28 day,Ick.c: chasciersti e, e meen
foimil 55 oL lemra s srangen. fvch.sheas shangh. Ec: morius of
elasticiy, Ge: Shea modubus, W urit weiaht
Anchorages [/ ok ][ & Locked|[ B pint |[ 2 Hep 8 Locked || Byrie || 7 e

®) Properties of structural steel
Class | wp | Tk [ mok [nsok | ok |resok | wk | Eom | ED5 [Es0m | Bm | g Steel Grade fy (MP3] te=dmm [Fu[MPa) te=40mm [F (MPa) fu14Ps)
MPal | (WPal | DaPal | MPSI | MPSI | (NP1 | DPal | BaPal | MPSI | DaPS1 | anw] A0kic=T00mm | 40<te=100mm

o 0 MW Bm | 040 6 200 300 w0 | 400 | 20 Mg @
o 0 1600 1000 | 040 700 22 3N 00 | 540 | 20 W 30 528 ENTO0252 =8 0 218 0
cie 0 T8I0 | TI00 04D 1800 220 340 S000 B0 | 30 s ®0 e EN TS &1 % & il
oz 0 zw B0 00 MO 24w W 00 G0 IV 6N M0 5 450 EN 10025 40 550 40 550
o 0 M0 400 040 Z00 250 400 00 M0 | T 6N B S 275 ML N 100253 75 a0 255 a0
7 o 2700 1800 40 200 260 40 11500 700 380 0 am 5 355 N/NL EN 100253 255 430 5 470
a0 0 W0 W0 | 040 A0 27 40 W00 W00 | 40 TR W=

5 420 N/NL EN 100253 420 620 390 620
55 0 W0 200 040 A0 200 400 1000 00 4N &0 0

5460 N/NL EN 100253 460 540 430 540
o 0 W@W 200 040 X 29 A0 W0 00 | 40 80 4@
cs 0 4500 200 040 2000 10 400 1500 10000 | S0 S0 w0 3 2 MML EN10025-4 s 370 5 30
S0 (] S000 3000 040 2300 320 400 16000 10700 530 1000 40 5 355 M/ML EN 100254 356 470 35 450
D18 1 18.00 1.0 060 1800 750 340 9500 8000 830 530 s 5 420 M/ML EN 100254 420 520 330 500
024 1 200 W00 | 060 Z00 760 400 10000 | @800 | %0 15 5 460 M/ML EN 100254 e 540 s 530
o3 1 W0 e | 0@ @m0 &M 400 IO s00 | 7R eN &M Sy TS = = P om
15 1 WD 20 0@ m0 G0 400 1200 000 B0 7 50 i o 0ss e a0 - @
04 1AM 00 | 0 00 AW 400 100 WH0 | 80 60 W

5 4600/0L EN 100255 460 570 40 550
05 1 sW | N0 0@ MO W A0 W0 TE0 | SN 80 6D
Ded 1 &0.00 %00 060 200 1050 45 17000 14300 M0 1060 0 B U &5 & 23 gn
o7 1 7000 4200 0ED 3400 1350 500 20000 16800 1330 1250 800 5275H EN 102101 275 430 265 40
GL24h 2 240 1650 040 2400 2n N 11600 3800 330 720 = S355H EN 102101 366 610 335 430
Glth 2 20 195 045 50 30 3N %0 00 40 M0 a0 5 275 HHN EN 102101 275 S 25 370
Glgh 2 B0 250 08 A0 10 30 190 100 490 60 40 5 3R EN 102101 35 430 35 e
Gk 2 | W0 %0 00 N 38 4N WO N00 | 40 S0 o 0N P = - 0 -
G2z MW WO 0F AN 240 A TE0 | M0 | W W =

5 460 NH/N EN 102101 450 560 430 550
Glee 2 20 65| 040 A0 2 2 1%0 W0 W 7A@
Gl 2 | ®0 18| 065 XS AW 3N w0 M0 | & 78 a0 Dectul seel rack - 3 355
Gl z  ®W 2| 08 MO AW W W0 N0 | 40 s

Lo )& e )2 e [/ o ][ @ Locked | [ By Pin: | 2 Helo [ i Coce
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5. Frame prototypes

Selecting a Frame prototypes the program defines the nodal coordinates, support conditions
and element properties and connectivity.

— 1 = a r\IDI F]:|E1 TR T
[T1ez FHee -If—\hz QEZ [ re -
[TT1es FHee HHc |¢.|D3 mES VAN -

6. Effective lengths for columns

A difficult problem for frames is to define the o
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. T < R

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

unbraced frames, you input the basic frame dimensions and section 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.
Ler=0.62xL,0.59xL

A7 Timber design, EN1995-1-1,

T steel profis, Eniss-1-1, 555

ﬁ Effective length (R.Concrete), EN1992-1-1, §5.6.3.2

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

Ig
n1=0.57 11=0.40 =040
H ([3000 [Z]mm
Lor=0.E2 sl Loi=0.59 5L Loi=0.59 5L IC
r2=0.10 n2=0.10 n2=0.10
Prs Ie
} I } I ¥ ¥ ¢ + I sk
L (6000 [2mm L 000 2! mm L 6000 (=} lmm ﬂzzz_ﬁ—1=+2ulb
ﬁ L B Bl B Iy
Lyp=BL j=— E T ]
€I I
A G
Lerl=10 Lol=07 Lerd=05
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7. Examples

71 Example 1

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

g = 2250 kNim
ggg?g = 12.40 kNim
E I
—1.20m—
0151 T
0.70m
: g
— -
0.25 =
[ Tosom
0.60m
T TERE
| 8.40m |

Select a frame from File/Frame prototypes:

l:':' =

Frame prototypes ¥ Hes Ha r\| o1 F]:| Et TR T at
[Tl FHee EHce |:|D2 QEZ [ re -
[TT1es FHee HHc |¢.|D3 mES VAN -

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

I —B—
H
J Lengths L=| B.000 |m
| |
' L ! Heights  H=| 3000 |
Cross section of horizontal members
Cross section of vertical members
Permanent load “ariable load
’ JDK ] ’ annceI] | ? Help |

Copyright © RUNET Software ® www.runet-software.com 7
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Click Yes and give the file name.

Information g|

MO ko reset the existing file to the prototype Frame

\i:) Click ¥ES to open a new file with data as the prototype Frame
CAMNCEL to exit

[ Yes l [ o ] [ Cancel

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.

MA - Mational Annes Eurocode EM w

Partial zafety factors for actions wa=1.35 [1=1.50 w2=0.30 W

Check the drawing of the structure.
e 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 | modal loads | nodal masses

node | # [m] | y [m] |
1 0.000 0.000
2 0.000 4600
3 8.400 4500
4 8.400 0.000

e Supports. Nodes 1 and 4 fixed.

nodes [} i| nodal loads | nodal masses

node | support | Lx[mim] | Ly[mim] | uifrad]
1 T 0.00000 0.00000 0.00000
4 e 0.00000 0.00000 0.00000

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

nodes | supports |} _' nodal mazses

load combination | 1.35 xFg+ |1.50 xFq
node  |FoukN]  |FoukM]  [FoylkN]  [FavlkM]  |MalkMm]  [Malkhm] |

e Nodal masses are necessary only in dynamic analysis.

Copyright © RUNET Software ® www.runet-software.com 8
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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.

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

e 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 h1l
(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, hl values.

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

ghructure material Elazticity modulus crozs section units

R.Concrete + | E [GPa)=| 26.00 et S

N |crsel blem] | hiem] | b1 [em] | Wifem] | & (o) | 1 [cmd]
197 25.0 | 1200 15.0 31.750E 002 13.353E005
2 0 anao GO0 n.o 0o 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 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
show 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 corbination | 1.35 |xG + | 1.50 | x0Q

element | kind |dead g [kN/m]  [live g [kN/m] |direction |
2 (I 22,500 12400 %

e 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/m3).

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

' ' include self weight in
“Weight density kM/m3 | 25.00 lnads and masses

Mazs combination 1.00 |xMg + | 0.30 xMq

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

e 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

Copyright © RUNET Software ® www.runet-software.com 9
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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 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.

elements | cross sections | element loads | elem. maszzes, self weight| R.Concrete

C25/30 - B500C |
ye= 180, ys= 115 v
Crom= 302}
] E] fined diameter &

Concrete-Steel class

Partial factors for materialz

Concrete cover [mm)

Rebar diarmeter [mm]

Rezet element design data ]

E . L[] Philrarn] L[] Lzz[m] Dreszign
1 4.600 20 8.E50 8.6580 1
2 8.400 16 8.400 2.400 1
3 4.600 20 8.650 8.650 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 x 4.60 =8.65 m

Eurn
coge

-

ﬁ Reinforced concrete design, EM1992-1-1,

I Steel profiles, EM1993-1-1, £5.5

Tl_Tl

i—i| Effective length of calumns (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

Copyright © RUNET Software ® www.runet-software.com 10
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Effective length of columns-Unbraced members, EN1992-1-1, § 5.8.3.2

KA=256 |ka-070] Ka=0.48
H m Lor=1.88 L | |Lcl 1504 \Lm:1.44 i |
rrd ¥ ¥
: : ‘ | 2
L |s4oo {:} L|6000 M|mm L|sooo Eﬂmm
L
Lyp=BL & =|3—

£ o e

Lerd=20  Lerd=1.0

T K % [
o A=ELJ
C n ralty
T Ty |
—< H l—F
o5
le
Ie i
Teo_ o
valy
B E Iy
T T

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

2.

Eurn

— .
|§| Reinforced concrete design, EM1992

I Steel profiles, EM1993-1-1, §5.5

H Effective length of columns (R Concrete) ¥
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:d, Reinforced concrete design not performed

Wodal points

Node ® [m by
1 0,000 0,000
z 0,000 4,600
3 8.400 4.600
4 .400 0.000
Supports
Node kind wefum]  uy[om]  ur[rad]
1 Fixed ux=uy=ur=0
4 fixed wo=ug=ur=0
Materials
Material : 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. blom] hfcm] bllom] hifcm]  Acfcm®] Ic[cnd] v

Click for complete formatted report.

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

or you can export to PDF or Word files [l .

Print preview

N = [ i
dr bl e =& b
~
exBETOHM Pg.1
1-Finite element model (FEM)
2 2(1) K}
L)
M
)
1
Nodal points
Node ¥ lm] yiul |
1 0_000 0.000
z 0.000 4.600
] 3400 4.600
4 8_400 0.000
Supports
Hode rind ux [mm) uylum)  ur(rad]
1 fixed ux=uy=ur=0
4 fixed ux=uy=ur=0
Materials
Material : R.Concrece, E= 26.000 [GPa)
Weight density : p= 25.000 [kN/m®]
The =lement self weight is included in loads and masses @
& %
0% Page
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7.2 Example 2

Steel frame 8.40 x 4.60 S355

$355 g=8.60 kN/m
(TTTTTOTITTITIIT I CTT AT INTTITIITIATITINNIN] 9=12.40 kNin
IPE 500
£
=
@
=r
IPE 600
AT RERS
| 8.40m |

Select a frame from File/Frame prototypes:

— = a r\lm pl.:la TR T a
HHe: EHce |2|D2 QEZ [ re -
FHHe: HHo rﬁloa FI:|E3 AN =

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

. |5
For element cross sections click .

Frame prototypes @

o= | BED |ksm

H
J Lengths L=/ 8400 |m
| |
' L ! Heights  H=[ 4500 |
Crozs section of horizontal members IPE 500
A= (11550 i I= | 482000000 mmd
Cross section of vertical members IPE 500
A= | 15600 i I= 920800000 mrmd
Permanent load “ariable load

a= [ 1240 kiuim

[ ok | [ X cancel | [ 2 Heb

Copyright © RUNET Software ®
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Click Yes and give the file name.

Information E]

MO ko reset the existing file to the prototype Frame

\i:) Click ¥ES to open a new file with data as the prototype Frame
CAMNCEL to exit

[ Yes l [ o ] [ Cancel

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.

MA - Mational Annes Eurocode EM w

Partial zafety factors for actions wa=1.35 [1=1.50 w2=0.30 W

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.

rodes | supparts | nodal loads | nodal masses

node | % [mn] | y [m] |
1 0.000 0.000
2 0.000 4600
3 2.400 4600
4 8.400 0.000

e Supports. Nodes 1 and 4 fixed.

node | support | Li[mim] | Ly[mim] | uifrad]
1 T [0.00000 0.00000 [0.00000
4 Lt [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.

{| nodal mazses

nodes || supportz

load combination | 1.36 xFg+ | 1.50 xFq

miode [FaukM]  |FoelkM]  |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.

Copyright © RUNET Software ® www.runet-software.com 14
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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.

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

e 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 | Cross sectionz | element loads | elem. masses, self weight || Steel

gtructure material Elazticity modulus crozs gection units

Steel v | E [GPaj= 210.00 jui

N lor sect. | | & fmire] | 1 [mma]
1 I IPE 500 11.550E003 43 200E007
2 I IPE &00 15.600E003 92 080EQO7

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 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
show load, (1) for wind and pressure and (3) for horizontal loads as seismic load.

elements | cross sections | element loads | elem, masses, zelf weight | Steel
load combination | 1.35 |wG + | 1.50 | %0

element | kind |dead g [kN/m] | live g [kN/m] |direction |
2 (I £.600 12400 @ M-

e 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/m3).

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

' ' include self weight in
“Weight density kM/m3 | 73.50 lnads and masses

Mazs combination 1.00 |xMg + | 0.30 xMq

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

Copyright © RUNET Software ® www.runet-software.com 15
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e 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 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,

elements | cross sections | element loads | elem. maszses, self weight| Steel

Stuctural steel 'S 385 fy=355M /mi fu=510N + |

Partial factors Yag=| 1.00 E:% | 1.00 E:} g™ 125 E:}
Reset element design data ]

EIn. L[rm] Ley[m] Lcz[m] Ltm] Dezign

1 4.600 E.E7 4.600 4.600 1

2 8.400 8.400 2100 2100 1

3 4.600 E.E7 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=1.45x L =1.45x4.60 =6.67 m

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

I Skeel praofiles, EM1993-1-1, £5.5
H Effective length of columns (R, Concrete) 4

kb of colum ﬁ Effective length (Steel)

= Effe

Makerials L4 m Effective length-Braced members

Effective length-Unbraced members

Copyright © RUNET Software ® www.runet-software.com 16
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Effective length of columns-Unbraced members ENY 1993-1-1:1992 Annex E

H
Is [1] T olb
A1=0.71 1-055 n1=0.55 E-b:] L %f*%ﬁ
H ({4600 [Z]mm N
At \Lcr—1 55| \Lcr—1 08| |Lcr:‘\.30 oL | I; | . I
- b
7 ' '
W
L|a4oo [¢] I L|:mo M|mm I L‘mmo E”mm ‘ le g, nl
L My—_Ele
la=Bl 5= Frplpeh
B Ele B lp

L+ o ¢ !
Ler=20  Lor=10 \;'_’_h—f

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

Eurn
eooe

I Skeel profiles, EM1993-1-1, £5.5

H Effective length of columns (R Concrete) ¥
H Effective length of columns {Steel) 4
....... ,

Makerials

Check if every element is verified in the design,
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element:l, Steel desig is 0K
element:2, Steel design is 0K
element:d, Steel design not performed

Hodal points

Hode % [u u
1 0.000 0,000
2 0.000 4. 600
3 8. 400 4,600
4 8. 400 0,000

Supports

Tode kind ux[mm]  uy[um] ur[rad]
1 fixed w=uy=ur=0
4 fixed wx=uy=ur=0

Materials

Material : Steel, E=  210.000 [GPa]

Teight density : p=  78.500 [EN/w’]

The element zelf weight is included in loads and mazses

Element cross sections

Cr.sec. blum] hlmm) Ac[mm?] Ic[mmd]
1 1.15500E+004 4, 82000E+008
z 1.56000E+004  9.20800E+008

(E
Click J for complete formatted report.

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

or you can export to PDF or Word files bl .

Print preview

A0 1 e [=gE
-~
Desigring frame structure s from el
1-Finite element model (FEH)
2 (') 3
o
r!
&
1
Wodal points
Hode  [m] yinl _
1 oo o
& LT 4. 600
2 & 400 4. 600
4 ERt [T
Supports
Hode wax [en ] ayfwm]  wr[zad
1
4 £ixed wxTuy=ur=i
Haterials
Material : 3teel, E= 1. 000 [GPa)
Weight denzity : p= T .500 [kHim3]
The element self weight is included in leads and masses
Element cross sections
Er.sec. Blwm] b [mmn] &c[mm2] Tclmmd]
1 1.15500E+00 ¢ 4. SEO00E+00E v
0% Page
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7.3 Example 3
Timber structure 6.40 x 4.60 C24
g =0.80 kN/m
c24 g =1.60 kNim
punnnnnnnnnnnnnnmnnnnnmnmnmnm
T
| 120x150mm
1.20m
80x80 _|_
£
H-1.00m — =]
m
120x120mm
L whn
I 4.40m |
Structural model
g =0.80 kNim
c24 ¢q=1.60 kNim
3102 @ ® ®
120x150mm 1
80x80
190 (5) ®
§
2] @
120x120mm
@\ o
[=] o Q [=]
000 © e - =
9 - ° N
, 4.40m |
Create a new file:
FH Frame prokotypes
Open
Save
Save As
Delete
Delete all data
Copyright © RUNET Software ® www.runet-software.com 19
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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, - Mational Annes Eurocode EM W

Fartial zafety factors for actions wE=1.35 =150 p2=0230 W

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

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

nodes | supports | hodal loads | nodal masses

niode | % [m] | y[m] |
1 0.000 0.000
2 0.000 3.100
3 4.400 3100
4 4.400 0.000
] 0.000 1.900
E 4.400 1.900
7 1.000 2100
a 3.400 3.100

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

nodes | Upports | nodal loads || nodal masses

node | support | Lx[mim] | Ly[mm] | uifrad] |
1 FAN 0.00000 0.00000 [0.00000
4 AN 0.00000 0.00000 [0.00000

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

nodes | supports | hodal loads | nodal mazzes

laad combination | 1.35 |xFg+ | 1.50 xFq

hods [FarkN]  |FoulkM]  |Foutkn]  |Fapikn)  [Malkhim]  [Malkim] |

e 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.

Copyright © RUNET Software ® www.runet-software.com 20
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elements | croge sections | element loads

elermnent node &, node B . zect,

LA= e B e B I R A
Ly B B R L TR FR R ) I R
Loy IS B RS R B = p IR R T g |
L 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 sechionz | element loads | elem. masses, self weight | Timber

ghructure material Elazticity modulus crozs section units

Timber + | E[GPa)=| 10.000

M | bcm] | b [cm] | & o] | 1 [cmé]
1 12.0 120 14.400E001 17 280E002
2 120 15.0 18.000E001 3A3.750E002
3 an a0 G4.000EQ00 34.133E001

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 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 | x0

element | kind |dead g [kN/m] | live g [kN/m] |direction |
5 (I 0.500 1600  ®
5 (I 0.200 1600 &
7 (I 0.200 1600 d

e 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 material (timber 9 kN/m?®).
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e 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.
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).

glements | cross sections | element loads | elem. maszes, self weight | Timber

Timnber class C24, frik=24.0M Aroreé, frok=14.0M froreé - %
Service class Clazs 2, moisture contents=20% -
Load duration clazses Long-term w
b aterial factors Timber | 1.30 Stesl [1.10

Reset element design data ]

Elrn. L[rn] Lenr] Lez[m] Design
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 2.400 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.

Eurn
coge

Timber design, EM1995-1-1,

I Skeel profiles, EM1993-1-1, §5.5

H Effective length of columns (R Concreke) r
H Effective length of columns (Steel) ¥
"""" Materials r

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

element:
element:

1, Tiwber design is 0K

2, Timbher design not performed
element:3, Timber desiogm is 0K
element:4d, Timber design not performed
element: 5, Timber design is 0K
element:&, Timber design not performed
element:?, Tiwmber design is 0K
element:5, Timber design is 0K
element: 9, Timber design not performed

Hodal points

Node X [m] o]
1 0,000 0.000
2 0,000 3.100
3 4,400 3.100
4 4, 400 a.000
5 0,000 1.500
[ 4,400 1.5900
7 1.000 3.100
g 3.400 3.100
Supports
Node kind 1o [ ] uy[mm] urfrad]
1 pin ux=uy=0
4 pin ux=uy=0
Materials w

[? [ [ [ EUDSB][ ? Help
Click E? lﬁ] for complete formatted report.

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

or you can export to PDF or word file [l .
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