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1. Introduction
1.1 Additional Module STEEL SP

The Russian Standard SP 16.13330.2011 determines rules for the design, analysis and construc-
tion of steel buildings in the Russian Federation. With the add-on module STEEL SP from the
DLUBAL SOFTWARE GMBH company all users obtain a highly efficient and universal tool to design
steel structures according to this standard.

All typical designs of load capacity, stability and deformation are carried out in the module
STEEL SP. Different actions are taken into account during the load capacity design. STEEL SP
automatically calculates the limiting width-to-thickness ratios of compressed parts and carries
out the slenderness check of cross-section automatically.

The sectional coordinate system in STEEL SP is different from the indices used in the Russian
code. It corresponds to the one used in RSTAB: The indices “y” and “z” refer to the axes in the
cross-section plane as seen in the image to the left.

® For the stability design, you can determine for every single member or set of members wheth-
- er buckling is possible in the direction of y-axis and/or z-axis. Lateral supports can be added for
a realistic representation of the structural model. The specific ratios of slendernesses and criti-
cal stresses are automatically determined by STEEL SP on the basis of the boundary conditions.
The location where the loads are applied, which influences the lateral torsional design, can be
defined in the detailed settings.

Axi t . T . . . ..
XIS system The serviceability limit state has become important for the static calculation of modern civil

engineering as more and more slender cross-sections are being used. In STEEL SP, load cases,
load combinations and result combinations can be arranged individually to cover the various
design situations.

If required, you can use the add-on module to optimize cross-sections and export the modified
cross-sections to RSTAB. Using the design cases, you can design separate structural compo-
nents in complex structures or analyze variants.

STEEL SP is an add-on module integrated in RSTAB. For this reason, the design relevant input
data is already preset when you have started the module. Subsequent to the design, you can
use the graphical RSTAB user interface to evaluate the results. Finally, the design process can
be documented in the global printout report, from determination of internal forces to design.

We hope you will enjoy working with STEEL SP.

Your DLUBAL Team
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1.2 STEEL SP Team
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1.3

Topics like installation, graphical user interface, results evaluation, and printout are described
in detail in the manual of the main program RSTAB. The present manual focuses on typical fea-
tures of the add-on module STEEL SP.

Using the Manual

The descriptions in this manual follow the sequence and structure of the module's input and
results windows. The text of the manual shows the described buttons in square brackets, for
example [View mode]. At the same time, they are pictured on the left. Expressions appearing
in dialog boxes, windows, and menus are set in jtalics to clarify the explanations.

At the end of the manual, you find the index. However, if you don't find what you are looking
for, please check our website www.dlubal.com where you can go through our comprehensive
FAQ pages by selecting particular criteria.

Program STEEL SP © 2013 Dlubal Software GmbH


http://www.dlubal.com/

.1 Introduction _I_/ AN

Dlubal

1.4  Starting STEEL SP

RSTAB provides the following options to start the add-on module STEEL SP.

Menu
To start the program in the RSTAB menu bar, click
Add-on Modules — Design - Steel — STEEL SP.

Add-on Modules | Window  Help

& 3 T _— =] A 5 2
B R WHEEEEEE P AXE B
Design - Steel 4 ﬁ STEEL General stress analysis of steel members
Design - Concrete 3 . .
g STEEL ECS Design of steel members according to Eurocode 3
Design - Timber 4 . .
g STEEL AISC Design of steel members according to AISC [LRFD or ASD)
Design - Aluminium b i .
ﬁ STEEL IS Design of steel members according to IS
Dynamic 3 g ) )
STEEL SIA Design of steel members according to SIA
Connections 3 . .
ﬁ STEEL BS Design of steel members according to BS
Foundations b . .
ﬁ STEEL GB Design of steel members according to GE
Stability 4 . .
ﬁ STEEL CS Design of steel members according to C5
Towers b . .
ﬁ STEEL AS Design of steel members according to AS
Others 3
ﬁ STEEL NTC-DF Design of steel members according to NTC-DF
Stand-Alone Programs 4 g STEEL SP Design of steel members according to 5P

Figure 1.1: Main Menu: Additional Modules — Design - Steel — STEEL SP

Navigator
You can also start the add-on module in the Data navigator by clicking
Add-on Modules — STEEL SP.

Project Mavigator - Data x

----- |_J Results -
----- | Printout Reports

[+~ Guide Objects

= Add-on Modules

[E] STEEL - General stress analysis of steel members

-[Z| STEEL EC3 - Design of steel members according to Eurocode 3

[ STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
STEELIS - Design of steel members according to IS

STEEL SIA - Design of steel members according to SIA

STEEL BS - Design of steel members according to BS

- STEEL GB - Design of steel members according to GB

- STEEL C5 - Design of steel members according to C5

. STEEL A5 - Design of steel members according to AS

STEEL MNTC-DF - Design of steel members according to NTC-DF

--[Z7| STEEL SP - Design of steel members according to SP

--[E] STEEL Plastic Members - Design of steel members according to Partial I
- STEEL MER - Design of steel members according to NBR

--[E] STEEL SANS - Design of steel members according to the South African N

4| i | 3

ﬁData (& Display £ Views

Figure 1.2: Data Navigator: Add-on Modules — STEEL SP
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STEEL 5P CAl - Beams

LC1 - Seff-weight
LC2 - Snow

RC1 - Edreme design val.
STEEL SP CA1 - Beams

STEEL SP CAZ - Calumns

BIE

STEEL 5P

Dlubal

Panel
If results from STEEL SP are already available in the RSTAB model, you can also open the design
module in the panel:

Set the relevant STEEL SP design case in the load case list of the RSTAB toolbar. Then click the
button [Show Results] to display the design criterion on the members graphically.

When the results display is activated, the panel is available, too. Now you can click the button
[STEEL SP] in the panel to open the module.

Panel ®
Max
Dresign R atio [-]
1.05
1.00
0.90
0.80
0.70
0.50
0.50
0.40
0.30
0.20
0.10
0.00
Max : 105
Min : 0.00

STEEL SP

BE e 4=

Figure 1.3: Panel button [STEEL SP]

Program STEEL SP © 2013 Dlubal Software GmbH
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2. InputData

When you have started the add-on module, a new window opens. In this window, a Navigator
is displayed on the left, managing the windows that can be currently selected. The drop-down
list above the navigator contains the design cases (see chapter 7.1, page 46).

The design relevant data is defined in several input windows. When you open STEEL SP for the
first time, the following parameters are imported automatically:

o Members and sets of members

e Load cases, load combinations, result combinations, and super combinations
e Materials

e Cross-sections

o Effective lengths

o Internal forces (in background, if calculated)

_E _E To select a window, click the corresponding entry in the navigator. To set the previous or next
input window, use the buttons shown on the left. You can also use the function keys to select
the next [F2] or previous [F3] window.

oK | | Cancel | Click [OK] to save the results. Thus you exit STEEL SP and return to the main program. If you

click [Cancel], you exit the module but without saving the data.

2.1 General Data

In window 1.1 General Data, you select the members, sets of members, and actions that you
want to design. The tabs are managing the load cases, load combinations, result combinations
and super combinations for the different designs.

STEEL SP - [Demo-Seng-new] =
File Edit Settings Help

CAT1 - Design of steel members ¢ = | 1.1 General Data

nput Data

! General Data
. Matenals Members: g 3146 8 X 7] Al
. Cross-Sections : =

" emediats Lotral Resraints | = 5[] @
. Effsctive Lengths - Membsrs
. Effective Lengths - Sets of Men| | UMimate Lt State | Serviceabilty Limt State

i Serviceabilty Data Existing Load Cases and Combinations Selected for Design
gataaczzpNabes R LCE | Imperfections v +X. LC1 | Dead Load
T LCS | Imperfections v Y @51 LC2 | Snow Load
EER LC10 | Imperfections v +Y BT LC3 | Windv+X
(oo NI o I ey o B ok PR I LC4 | Wind at peak v +Y
coz  [THHETLEEVIcE K LC5 | Windatpeak v oY
€03 [135°C1+ 15°C3 = LCB I LC6 | Wind positive
C04 |1351C1+15CT+1C8 MW LC7  [Dve Load
CO5 |LCT+151C6+LCE
CO6 | 135°C1+151C4 +LC10
CO7 |135C1+15%C5+1C9
€08 |1.35°C1+ 135702+ 1.35°LC4 + 1.
C09 | 1.35%C1+1.35%C2+1.35°C5+ 1
COT1 | LCT+LC2+1C3+LCT+1CE
CO12 |LCT+LC2+1CE
€013 |LCT+LC3+1CE
014 [LCT+LC7+LCE
CO15 | LC1+LC6+LCE
CO16 | LCT+LCA+LCTO Dosipraisiel
CO17 |LCT+LC5+1CS e,
CO18 |LC1+LC2+1C4+LCT+LC10 -SP 16133302011
€019 | LCT+LC2+LC5 +LCT+LCS Revised version of SNIP I1-23-51*
RC1 | Ex1
RC2 | Extrémni charskienisticks hodnaty

Design of

¥

STEEL sp

(8]

A2y -

Comment

g
5|
g
)

)
i
& |=

Calculation | [ Detalls.. Graphics Cancel

Figure 2.1: Window 1.1 General Data
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Design of

Design of

Members:  1-8,11-18,21-28,31-46,51-64,66-69 | [X] &l
Sets: 1358 S K| (=] e

Figure 2.2: Design of members and sets of members

The design can be carried out for Members as well as for Sets of Members. If you want to design
only selected objects, clear the All check box: Then you can access the input fields to enter the
numbers of the relevant members or sets of members. The list of the numbers preset in the
field can be selected by double-clicking and overwritten by entering the data manually. Alter-
natively, you can select the objects graphically in the RSTAB work window after clicking [X].

When you design a set of members, the program determines the extreme values of the de-
signs of all members contained in the set of members and takes into account the boundary
conditions of connected members for the stability analysis. The results are shown in the result
windows 2.3 Design by Set of Members, 3.2 Governing Internal Forces by Set of Members, and 4.2
Parts List by Set of Members.

Click [New] to create a new set of members. The dialog box that you already know from RSTAB
appears where you can specify the parameters for a set of members.

2.1.1 Ultimate Limit State

Existing Load Cazes and Combinations
NET ©LC8  |Imperfections v +X |

Selected for Design
HEH LC1 Dead Load

imp Reilec:]

L imp Reteli]
co1
coz2
Cco3
Co4

Imperfections v -Y

Imperfections v +Y

1.35°LC1 + 1.35°LC2 + 1.35°LC3 + 1.
1.35°LC1 + 1.5°LC2 + LCB

1.35°LC1 + 1.5°LC3 + LCB

1.35°LC1 + 1.5°LC7 + LCB

0= LC2
=T LC3
=T LC4
=T LC5
=T LCE
I LCY

Snow Load

Wind v +X

Wind at peak v +Y
Wind at peak v -Y
Wind positive

Live Load

Co5
Co6
cov
cos
Ccos
con
co1z
Cco13
Co4
COo15
Co16
co17
co1s
Co15
RC1
RC2

LC1 +1.5%LC6 + LCB

1.35°LC1 + 1.5°LC4 + LC10
1.35°LC1 + 1.5°LC5 + LCY

1.35°LC1 + 1.35°LC2 + 1.35°LC4 + 1.
1.35%LC1 + 1.35°LC2 + 1.35°LCH + 1.
LC1+1C2+ 1C3+1C7+LC8
LC1+1C2+ LCB

LC1+1C3+LCB

LC1+1C7+ LCB

LC1+1C6 + LCB

LC1 +LC4 + LC10

LC1+1C5+ LCY

LC1 +LC2 + LC4 + LCY + LCI0
LC1+1C2+ LC5+LC7 + LCY
BExtrémni ndvrhové hodnoty
BExtrémni charakteristické hodnoty

Figure 2.3: Window 1.1 General Data, Ultimate Limit State tab

B

@)

g
#|

All[30)

Existing Load Cases and Combinations

This column lists all load cases, load combinations, result combinations, and super combina-
tions created in RSTAB.

Click [»] to transfer selected entries to the list Selected for Design on the right side. You can also
double-click the items. To transfer the complete list to the right, click [»>»].

To transfer multiple entries at once, select them while pressing the [Ctrl] key, as common for
Windows applications.

Load cases marked by an asterisk (*), like load cases 8 to 10 in Figure 2.3, cannot be designed:
This happens when the load cases are defined without any load data or the load cases contain
only imperfections. When you transfer the load cases, a corresponding warning appears.

Program STEEL SP © 2013 Dlubal Software GmbH
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All b

Load Combinations and Result Combinations
LC  Load Cases
€0 Load Combinations
RC  Result Combinations
co
RC
HEN Permanent
W Imposed
A wind

=

Result
combination

Dlubal

At the end of the list, several filter options are available. They will help you assign the entries
sorted by load case, load combination, or action category. The buttons have the following
functions:

= Select all cases in the list.
] Invert selection of load cases.

Table 2.1: Buttons in tab Ultimate Limit State

Selected for Design

The column on the right lists the load cases, load and result combinations selected for design.
To remove selected items from the list, click [«] or double-click the entries. To transfer the en-
tire list to the left, click [« «].

The design of an enveloping max/min result combination is performed faster than the design
of all contained load cases and load combinations. However, the analysis of a result combina-
tion has also disadvantages: First, the influence of the contained loads is difficult to discern.

Second, for the determination of the elastic critical moment for lateral-torsional buckling, the
envelope of the moment distributions is analyzed, from which the most unfavorable distribu-
tion (max or min) is taken. However, this distribution only rarely reflects the moment distribu-
tion in the individual load combinations. Thus, in the case of a RC design, more unfavorable
values for the elastic critical moment are to be expected, leading to higher ratios.

Result combinations should be selected for design only for dynamic combinations. For "usual”
combinations, load combinations are recommended.

10
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2.1.2 Serviceability Limit State
Serviceability Limit State

Existing Load Cazes and Combinations Selected for Design

T LC4  Wind at peak v +Y [ | ¢ Nl Dead Load
=T LC5 Wind at peak v -Y sl LC2 Snow Load
IET LC6 | Wind positive M LC3 | Wind v +X

Tl LC7 | Live Load
I °LC8 | Imperfections v +X
IET °LCS | Imperfections v -Y
A © LC10 | Imperfections v +Y
Co1 1.35%LCT + 1.35°LC2 + 1.35°LC3 +
Coz2 1.35%LC1 + 1.5°LC2 + LCB
Co3 1.35%LC1 + 1.5°LC3 + LCB
Co4 1.35%LC1 + 1.5°LC7 + LCB
CO5 LC1 + 1.5%LC6 + LCB
Co6 1.35°LC1 + 1.5°LC4 + LC10 <
Co7 1.35%LC1 + 1.5°LC5 + LCI
cog 1.35%LCT + 1.35°LC2 + 1.35°LC4 +
Cos 1.35*LC1 + 1.35°LC2 + 1.35°LCE +
CO11 | LC1+LC2+LC3+LC7+1C8
C012 | LC1+LC2+LCE
C013 |LCT1+LC3+LCE
CO14 | LCT1+LC7+LCE
C015 | LCT1+LCE+LCE
C016 | LC1+LC4+LCI10
CO17 |LC1+LCh+LCI
CO18 |LC1+LC2+LC4+LCY+LCI0 -

&1(30) ~ (24 [Bg)

Figure 2.4: Window 1.1 General Data, Serviceability Limit State tab

m

g
#

Existing Load Cases and Combinations

This section lists all load cases, load combinations, result combinations, and super combina-
tions created in RSTAB.

Selected for Design

Load cases, load combinations, and result combinations can be added or removed, as de-
scribed in chapter 2.1.1.

The limit values of the deformations are controlled by the settings in the Details dialog box
(see Figure 3.1, page 25) which you can call up by clicking the [Details] button.

In the window 1.7 Serviceability Data, the reference lengths decisive for the deformation check
are managed (see chapter 2.7, page 23).

Program STEEL SP © 2013 Dlubal Software GmbH
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2.2  Materials

The window consists of two parts. In the upper part, all materials created in RSTAB are listed. In
the Material Properties section, the properties of the current material, that is, the table row cur-
rently selected in the upper section, are displayed.

Figure 2.5: Window 1.2 Materials

Material Description

the material list.

Material
Diescription
Steel C 255 (Profiles) | GOZT 27772-88:1983-0 -
Steel C 235 (Profiles) GOST 27772-88:1985-01 -
Steel C 245 (Profilez) GOST 27772-88:1985-01
Steel C 255 (Profilez) GOST 27772-88:1985-01 | _
Steel C 275 (Profilez) GOST 27772-88:1988-01 |~
Steel C 285 (Profilez) GOST 27772-88:1985-01
Steel C 345 (Profilez) GOST 27772-88:1985-01
Steel C 345 K (Profiles) GOST 27772-88:1985-01
Steel C 375 (Profiles) GOST 27772-88:1585-01
Steel C 235 (Sheets, Bands) GOST 27772-88:1585-01
Steel C 245 (Sheets, Bands) GOST 27772-88:1985-01 -

1.2 Materials
A | B
Material Material
Ha. Description Comment
I Steel C 255 (Profiles) | GOST 27772-88:1983-0 -
2 |m
wj i@ (& (e
Material Properties
i Main Properties
Modulus of Elasticity E 210000.000 | MPa
Shear Modulus G 80769.200 | MPa
Poisson’s Ratio v 0.300
Specific Weight T 72,50 | kN/m?
Coefficient of Thermal Expansion o 1 2000E-05 | 1/K
oot alloatolyjkaciog N 110 Material No. 1 used in
[l Additional Properties -
B Thickness Range t < 1.00 cm Cross-sections No.:
Yield Sirength fy 2550 | kN/em? 13679,1012,1315.16
Uttimate Strength fu 38.00 | kN/cm?2 e
& Thickness Range t > 1.00 cm and t = 2.00 cm
Yield Strength fy 2450 | kN/cm? Members No.
Utimate Strength [ 37.00 | kN/ocm?2 1-8,11-18,21-28,31-46,51-64,66-69,71-74,
B Thickness Ranget > 200 cm and t <4.00 cm
Yield Strength fy 2350 | kN/om2 Sets of members No.:
Uttimate Strength fu 37.00 | kN/cm?2 3
T Lengths: T Masses:
516.46 [m] 18.940 £l

Materials that will not be used in the design are dimmed. Materials that are not allowed are
highlighted in red. Modified materials are displayed in blue.

The material properties required for the determination of internal forces are described in chap-
ter 4.2 of the RSTAB manual (Main Properties). The material properties required for design are
stored in the global material library. The values are preset (Additional Properties).

To adjust the units and decimal places of material properties and stresses, select in the mod-
ule's menu Settings — Units and Decimal Places (see chapter 7.3, page 50).

The materials defined in RSTAB are already preset, but it is always possible to modify them: To
select the field, click the material in column A. Then click [¥] or press function key [F7] to open

Figure 2.6: List of materials

12
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According to the design concept of SP 16.13330.2011 [1], you can select only materials of the
“Steel” category.

When you have imported a material, the design relevant Material Properties are updated.

If you change the material description manually and the entry is stored in the material library,
STEEL SP will import the material properties, too.

Principally, it is not possible to edit the material properties in the add-on module STEEL SP.

Material Library

Numerous materials are already available in the library. To open the corresponding dialog box,
click

Edit —> Material Library

or use the button shown on the left.

Material Library @
Fitter Material to Select
Material category group: Material Description Standard i
B -
[ Steel C 245 {Profiles) = GOST 27772-88:1983-01
Material category: [ Steel C 255 (Profiles) = GOST 27772:83:1883-01
M Steel ¥ | | M Steel C 275 (Profiles) = GOST 27772-88:1983-01
Standard group: M Steel C 285 {Profiles) = GOST 27772-88:1983-01 3
_-GOST - M Steel C 345 {Profiles) = GOST 27772-88:1983-01
W Steel C 345 K {Profiles) = GOST 27772-88:1983-01
Standard: M Steel C 375 {Profiles) = GOST 27772-88:1983-01
o GOST 27772-88:198801 [ Steel C 235 (Sheets, Bands) o GOST 27772-88:1585-01
[ Steel C 245 {Sheets, Bands) = GOST 27772-88:1983-01
[ Steel C 255 {Sheets, Bands) = GOST 27772-88:1983-01
W Steel C 275 (Sheets, Bands) = GOST 27772-88:1983-01
W Steel C 285 (Sheets, Bands) = GOST 27772-88:1983-01
[[] Include invalid.... W Steel C 345 {Sheets, Bands) = GOST 27772-88:1983-01 e
[] Faverites anly... = K
Material Properties Steel C 235 (Profies) | GOST 27772-88:1985-01
E Main Properties
Modulus of Elasticity E 210000.000 | MPa
Shear Modulus G 80769.200 | MPa
Poisson’s Ratio v 0.300
Specific Weight T 78.50 | kN/m?2
Coefficient of Thermal Expansion o 1.2000E-05 | 1/K
Partial Safety Factor ™ 110

[ Additional Properties
[ Thickness Range t <2.00 cm

Yield Strength Fy 235.000 | MPa

Uttimate Strength fu 360.000 | MPa
[ Thickness Ranget > 2.00 cmandt < 4.00 cm

Yield Strength Fy 225.000 | MPa

Uttimate Strength fu 360.000 | MPa

ok || cancel

%

Figure 2.7: Dialog box Material Library

In the Filter section, Steel is preset as material category. Select the steel grade that you want to
use for the design in the list Material to Select. The corresponding properties can be checked in
the dialog section below.

Click [OK] or [1] to transfer the selected material to window 1.2 of the module STEEL SP.

Chapter 4.2 in the RSTAB manual describes in detail how materials can be filtered, added, or
rearranged.

You can also select material categories like Cast Iron or Stainless Steel. Please check, however,
whether these materials are covered by the design concept of the Code [1].

Program STEEL SP © 2013 Dlubal Software GmbH
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2.3  Cross-Sections

This window manages the cross-sections used for design. In addition, the window allows you
to specify optimization parameters.

Coordinate System

‘E The sectional coordinate system in STEEL SP is different from the indices used in the Russian

standard. It corresponds to the one used in RSTAB (see image in Figure 2.8): The y-axis is the
major principal axis of the cross-section, the z-axis the minor axis. This coordinate system is
used for both the input data and the results.

1.3 Cross-Sections

A B [ c [ D [ E i G 1-IP-B56B1 | GOST, 1934
Section | Material Cross-Section Cross-Section Type | Max. Design Opti-
No. No Description for Classification Ratio mize Remarc | Comment b
BN ' BT IPB55B11GOST, 1994 Isection rolled 064 T“—T
2 1 I IP-B40B1|GOST, 1934 I-section rolled 111
3 1 BT IP40B1|GOST 2602083 |  |section rolled 1.11 | From curent row ﬂ 240
6 1 [MT IPK20K2|GOST, 1994 l-section rolled 0.15 No
7 1 [BT IPK20K2IGOST, 1934 I-section rolled 0.09 No .
9 1 BT 1P-B35B2|GOST. 1994 |-section rolled 070 No o e
10 1 |[BIT HP 20054 ICAN/CSAST | l-section rolled 0.06 No . ¥
12 1 & QRO 705 | GOST 30245 Box rolled 0.08 No 75
13 1 @ Circle 24 General 0.04 Mo
15 1 [BT IPK25K21GOST, 1934 I-section rolled 0.05 No
16 1 I P-B2581|GOST. 1994 |-section rolled 071 No .
17 1 |HL Angle No 5) z
18 1 W7 General No 5)
[mm]
Cross-Section Values - IP-B 55 B1 | GOST, 1994 Cross-gection No. 1 used in
¢ Cross-Section Type i I-section rolled | Members No.
Section Height h 5430 ' mm
Section Width b 200 mm 1,211,12.21,22,31,32.39.40
Web Thickness bw 9.5 mm
Hange Thickness te 135 | mm Sets of members Mo.:
Root Radius r 240 | mm B
Area of Cross-Section A 11336.0 | mm2 L
Shear Area Avy 5940.0 [ mm2 8411 B . .
Shear Arca Az 51585 mm? 54) Blegin T Masses.
Momert of Inetia Iy 5 5682060 mm* 4800 [m] 47
Moment of Inertia Iz 240450000 | mm*
Torsional Constant It 508324.0 | mm* Material
Radius of Gyration ry 216 mm 1- Steel C 235 (Profiles)
Radius of Gyration rz 46.1 | mm
Hlastic Section Modulus Wyn,min | 2050900.0 | mm?
Elastic Section Modulus Wan, min 218600.0 mm?
Plastic Section Modulus Loy 2330200.0 | mm?2 -

Figure 2.8: Window 1.3 Cross-Sections

Cross-Section Description

The cross-sections defined in RSTAB are preset together with the assigned material numbers.

To modify a cross-section, click the entry in column B selecting this field. Click [Cross-section
Library] or [...] in the field or press function key [F7] to open the cross-section table of the cur-
rent input field (see the following figure).

In this dialog box, you can select a different cross-section or a different cross-section table. To
select a different cross-section category, click [Back to cross-section library] to access the gen-
eral cross-section library.

v gl&

Chapter 4.3 of the RSTAB manual describes how cross-sections can be selected from the library.
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Figure 2.9: IS cross-sections in the cross-section library
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The new cross-section description can be entered in the input field directly. If the data base
contains an entry, STEEL SP imports these cross-section parameters, too.

A modified cross-section will be highlighted in blue.

If cross-sections set in STEEL SP are different from the ones used in RSTAB, both cross-sections
are displayed in the graphic in the right part of the window. The designs will be performed
with the internal forces from RSTAB for the cross-section selected in STEEL SP.

Cross-Section Type for Classification

The cross-section type used for the classification is displayed, e.g. I-shape rolled, welded, box,
round bar, etc. Cross-sections that are not covered by the standard are classified as General.

Max. Design Ratio

This table column is displayed only after the calculation. It is a decision support for the optimi-
zation. By means of the displayed design ratio and colored relation scales, you can see which
cross-sections are little utilized and thus oversized, or overloaded and thus undersized.

Optimize

You can optimize every cross-section from the library: For the RSTAB internal forces, the pro-
gram searches the cross-section in the same table that comes as close as possible to a user-
defined maximum ratio. The maximum ratio can be defined in the Details dialog box (see
Figure 3.1, page 25).

If you want to optimize a cross-section, open the drop-down list in column D or E and select
the desired entry: From Current Row or, if available, From favorites 'Description’. Recommenda-
tions for the cross-section optimization can be found in chapter 7.2 on page 48.

Program STEEL SP © 2013 Dlubal Software GmbH
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Remark

This column shows remarks in the form of footers that are described in detail below the cross-
section list.

A warning might appear before the calculation: Incorrect type of cross-section! This means that
there is a cross-section that is not registered in the data base. This may be a user-defined cross-
section, or a SHAPE-THIN cross-section that has not been calculated yet. To select an appropri-
ate cross-section for design, click [Library] (see description after Figure 2.8).

Member with tapered cross-section

For tapered members with different cross-sections at the member start and member end, the
module displays both cross-section numbers in two rows, in accordance with the definition in
RSTAB.

STEEL SP also designs tapered members, provided that the cross-section at the member's start
has the same number of stress points as the cross-section at the member end. For example,
the normal stresses are determined from the moments of inertia and the centroidal distances
of the stress points. If the start and the end cross-section of a tapered member have not the
same number of stress points, the intermediate values cannot be interpolated. The calculation
is possible neither in RSTAB nor in STEEL SP.

The cross-section's stress points including numbering can also be checked graphically: Select

the cross-section in window 1.3 and click [Info]. The dialog box shown in Figure 2.10 appears.

Info About Cross-Section

In the dialog box Info About Cross-Section, you can view the cross-section properties, stress
points and c¢/t-parts.

# ' Info About Cross-Section IP-B 55 B1 | GOST, 1994 ﬁ
Cross-Section Property Symbol Value Unit ~ |IP-B55B1| GOST, 1984
- R N
Width b 2200 (mm
Web thickness b 3.5 |mm
Flange thickness Ly 135 [mm T%
Root fillet radius r 240 |mm N
Cross-sectional area A 11336.0 {mm2 3z = E o
Shear area Ay 4958 4 |mm2 r
Shear area Az 48591.3 |mm2
Shear area according to EC 3 Avy 6258.3 |mm2
Shear area according to EC 3 Avz 61723 |mm2 -
Plastic shear area Aply 5340.0 | mm2 = s memame =l
Plastic shear area Aplz 5030.3 | mm2 - !
Momert of inertia ly 5.568E+08 |mm4
Momert of inertia Iz 2 AD5E+07 [mm# iP5
Goweming radius of gyration Ty 716 |mm
Goveming radius of gyration Iz 461 |mm
Polar radius of gyration fo 226.3 |mm —mm
Radius of gyration of flange plus 1/5 of wel | rzg 53.5 [mm 1'!
Volume v 1.134E+07 | mm2/m :
Weight wt 89.0 [kg/m
Surface Asurt 1.906 |m2/m
Section factor AmV 168.119 | 1/m ]
Torsional constant J 508324.0 |mm#
Warping constant Cw 1.679E+12 |mmé& = SR
i S 3 = .
et i N e s 3 Ve )
L )

Figure 2.10: Dialog box Info about Cross-Section

In the right part of the dialog box, the currently selected cross-section is displayed.

The buttons below the graphic have the following functions:

16
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Function

Displays or hides the stress points

Displays or hides the c/t-parts

Displays or hides the numbering of stress points or c/t-parts

Displays or hides the details of the stress points or c/t-parts (see Figure 2.11)

Displays or hides the dimensions of the cross-section

Displays or hides the principal axes of the cross-section

Resets the full view of the cross-section graphic

Table 2.2: Buttons of cross-section graphic

Click [Details] to call up detailed information on stress points (distance to center of gravity,
statical moments of area, normalized warping constants etc.) and c¢/t-parts.

Stress Points of [P-B 55 B1 | GOST, 1994 @
B [ ¢ [ o | E | F_[ G IP-B &6 B
StressP Coordinates Statical Moments of Area Thickness Warping
No. v [mm] 2 [mm] Qy [mm?] Qz[mm?] t [mm] W o [mmZ] Swmm#4]
[ 1 ] 2715 0.0 0.0 135 291225 0.0
2 288 2715 -250180.0 -76080.0 135 7611.6| -20146300.0
3 0.0 2715 -403184.0 -82400.5 135 00| -21623500.0
4 288 -2715 -250180.0 76080.0 135 -7611.6|  20146300.0 1
5 110.0 -2715 0.0 0.0 135 -291225 0.0 L
6 -110.0 25 0.0 0.0 135 -291225 0.0
7 28.8 25 -290358.0 76095.7 135 -7611.6| -20146300.0
3 0.0 75 -403184.0 82400.5 135 00| -21623500.0
9 288 N5 -250358.0 -76085.7 135 7611.6| 20146300.0 . ’}.
10 110.0 N5 0.0 0.0 135 291225 0.0
11 0.0 -234.0 -501745.0 0.0 35 0.0 0.0
12 0.0 2340 -503270.0 0.0 35 0.0 0.0
13 0.0 00| -1.16E+D6 0.0 35 0.0 0.0

e

Figure 2.11: Dialog box Stress Points of IP-B 55 B1
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24 Intermediate Lateral Restraints

In window 1.4, you can define intermediate lateral restraints for members. STEEL SP always as-
sumes this kind of support to be perpendicular to the cross-section's minor axis z (see Figure
2.8). Thus, it is possible to influence the members' effective lengths which are important for the
design of column buckling and lateral torsional buckling.

For the calculation, all intermediate lateral restraints are considered as torsional supports.
14 Intermediate Lateral Restraints

A [ B D [ e [ F T 6 [ H [ T T 37 T K T T ]
Member  Lateral Length Intermediate Lateral Restraints[-]

Ne. Restraint L m] MNumber X1 X2 x3 X4 x5 X6 x7 X8 X3
1 1 0,500
2 a
3 2 0.333 0.667
4 a
5 | I 0.200 0.400 0.600 0.800
& a
7 a
g a
11 O
12 O 2
| Relatively (0. 1) 5= (%] (@]
Settings - Member No. 5
Cross-Section
Lateral Restraints
Member Length L m
Number of Intermedizte Lateral Restraints n [
Location of Lateral Restraint No. 1 X1 .
Location of Lateral Restraint No. 2 X2 0.400
Location of Lateral Restraint No. 3 x3 0.600
Location of Lateral Restraint No. 4 x4 0.300

Set input for members No.:
]

Figure 2.12: Window 1.4 Intermediate Lateral Restraints

In the upper part of the window, you can assign up to nine lateral supports for each member.
The Settings section shows the input as column overview for the member selected above.

To define the intermediate restraints of a member, select the Lateral Restraint check box in
column A. To graphically select the member and to activate its row, click [\]. By selecting the
check box, the other columns become available for you to enter the parameters.

In column C, you specify the number of the intermediate restraints. Depending on the specifi-
cation, one or more of the following Intermediate Lateral Restraints columns for the definition
of the x-locations are available.

If the check box Relatively (0... 1) is selected, the support points can be defined by relative-
input. The positions of the intermediate supports are determined from the member length
and the relative distances from the member start. When the check box Relatively (0... 1) is
cleared, you can define the distances manually in the upper table.

In case of cantilevers, avoid intermediate restraints because such supports divide the member
into segments. For cantilevered beams, this would results in segments with torsional restraints
on one end each that are statically underdetermined.

18
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Window 1.5 consists of two parts. In table in the upper part provides summarized information
on the effective length coefficients s and zz, the effective lengths g4/ and 2, the effective
lengths I for lateral-torsional buckling and the beam type of the members to be designed. The
effective lengths defined in RSTAB are preset. In the Settings section, further information is
shown about the member whose row is selected in the upper section.

Click the button [X] to select a member graphically and to show its row.

Changes can be made in the table as well as in the Settings tree.

1.5 Effective Lengths - Members

s B | C D E F G [ H 1 1 [ J 1 K -
Member ~ Buckling Buckling About Major Axis ) Buckling About Minor Axs (z) Lateral-Torsional Buckding
No. Possible Possible Uy uly [m] Possible Uz ulz [m] Possible Beam Type I [m] Comment
[ . 1.000 6.000 1.000 3.000 Beam 3.000
2 1.000 6.000 1.000 6.000 Beam 6.000
3 1.000 3011 1.000 1.004 Beam 1.004
4 1.000 3262 1.000 3262 Beam 3.262
5 1.000 6.274 1.000 1.255 Beam 1.255
6 1.000 6274 1.000 6274 Beam 6.274
7 1.000 3262 1.000 3262 Beam 3.262
[] 1.000 3011 1.000 30 Beam 301
i 1.000 6.000 1.000 6.000 Beam 6.000
12 1.000 5.000 1.000 5.000 Beam 5.000 -
= &= & (@
Settings - Member No. 1 IP-B 45 B1 | GOST, 1984
Cross-Section
Length
Buclding Possible
[ Buckling About Axis y Possible -
Effective Length Coefficient Ly 1.000 I T
Effective Length uy 6.000 | m
[ Buckling About Axis z Possible g[ g0
Effective Length Coefficient uz 1.000
Effective Length ulz 3.000 | m -
[l Lateral-Torsional Buckling Possible =3 I I »
Beam type Beam - £
LTE Length of 3.000 | m 2o
Comment
1
v
=z
Set input for members No.: [mm]
@] (&

Figure 2.13: Window 1.5 Effective Lengths - Members

The effective lengths for the column buckling about the minor axis z and the effective lengths
for lateral-torsional buckling are aligned automatically with the entries of window 1.4 Interme-
diate Lateral Restraints. If intermediate restraints divide the member into member segments of
different lengths, the program displays no values in the table columns G and J of window 1.5.

The effective lengths can be entered manually in the table and in the Settings tree, or defined
graphically in the work window after clicking [...]. This button is enabled when you click in the
input field.
The Settings tree manages the following parameters:

e (Cross-section

e Length (actual length of the member)

e Buckling Possible (cf column A)

e Buckling About Major Axis y Possible (buckling lengths, cf columns B - D)

e Buckling About Minor Axis z Possible (buckling lengths, cf columns E - G)

e Lateral-Torsional Buckling Possible (cf column H)

e Beam Type (cf column I)

e Lateral-Torsional Buckling Length (cf column J)

Program STEEL SP © 2013 Dlubal Software GmbH
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In this table, you can specify for the currently selected member whether to carry out a buckling
or a lateral-torsional buckling analysis. In addition to this, you can adjust the Effective Length
Factor for the respective lengths. When a coefficient is modified, the equivalent member
length is adjusted automatically, and vice versa.

You can also define the buckling length of a member in a dialog box. To open it, click the but-
ton shown on the left. It is located on the right below the upper table of the window.

Select Effective Length Coefficient [th
Buckling About Axis v Buckling About Axis z
Rigid - free Bigid - free
20 T | 2]
z Y
- hi i z @ Hinged - hinged y
| ; 2 uz=10 ;‘ LT Y
i . v
Rigid - hinged Rigid - hinged
uy =07 !"—.&. uz=07 | a4
z Y
Rigid - rigid ; y Rigid - rigid ; y
uy=03 + uz=0. +
z Y
User-defined o a User-defined o a
Uy=.. Uz=..
Export effective length . Export effective length .
coefficient Uy 1.000 = coefficient Uz : 1.000 =
2] ok | [ Ccancel

Figure 2.14: Dialog box Select Effective Length Coefficient

In this dialog box, the values of the coefficient pu can be defined that are to be assigned to the
selected member(s). The u coefficients are described in detail in [1], clause 10.3 - Effective
lengths of columns (page 240). Generally, it is possible to select predefined coefficients or to
enter User-defined values.

If a RSBUCK case calculated according to the eigenvalue analysis is already available, you can
also select a Buckling mode to determine the factor.

Buckling Possible

A stability analysis for buckling and lateral buckling requires the ability of members to absorb
compressive forces. Therefore, members for which such absorption is not possible because of
the member type (for example tension members, elastic foundations, rigid connections) are
excluded from design in the first place. The corresponding rows appear dimmed and a note is
indicated in the Comment column.

The Buckling Possible check boxes in table row A enable and in the Settings tree enable you to
classify specific members as compression members or, alternatively, to exclude them from the
design according to [1].

20
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Buckling About Axis y or Axis z

With the check boxes in the Possible table columns, you decide whether a member is suscepti-
ble to buckling about the y-axis and/or z-axis. These axes represent the local member axes,
with axis y being the "major" and axis z the "minor" member axis. The effective length coeffi-
cients pyand p; for buckling about the major or the minor axes can be selected freely.

You can check the position of the member axes in the cross-section graphic in window 1.3
Cross-Sections (see Figure 2.8, page 14). To access the RSTAB work window, click [View mode].
In the work window, you can display the local member axes by using the member's context
menu or the Display navigator.

Project Mavigator - Display x
=[] 5 Model 4
[Z8 Nodes “
0[]/ MNodal Supports
-E& Members
-[]B Member Elastic Foundations <
M e s e
L[ Indexes z
+|:|¥ Member Axis Systemns u,v,w
----- [ Member Orientations —
----- [#]5% Member End Releases

..... 1% Material Descriptions r

..... 1% Bottom Fibers *
..... D& Cross-Section Qutlines /// /\
~

----- [ Cross-Section Descriptions
----- & Line Mode at Member Ends z
..... [#]5 Eccentricities
----- 1% Front Areas Distinguished by - P B

4 T b

ﬁData EDisplay A views

Figure 2.15: Displaying the member axes in the Display navigator of RSTAB

If buckling is possible about one or even both member axes, you can enter the buckling length
coefficients as well as the buckling lengths in the columns C and D respectively F and G. The
same is possible in the Settings tree.

To specify the buckling lengths in the work window graphically, click [...]. This button becomes
available when you click in a gl input field.

When you define the effective length coefficient 4 the program determines the effective
length ul by multiplying the member length / by this buckling length coefficient.

Lateral-Torsional Buckling
Table column H controls whether a lateral torsional buckling design is to be carried out.

Column | provides two options to allocate the Beam Type according to [1] Annex G, Tables G.1
and G.2.

The lateral-torsional buckling lengths l.rdepend on the settings of window 1.4 Intermediate
Lateral Restraints. There is also a possibility to insert a user-defined value into the column J.

Comment

In the last table column, you can enter your own comments for each member to describe, for
example, the effective member lengths.

Below the Settings table, you find the Set input for members No. check box. If selected, the set-
tings entered afterwards will be applied to the selected or to All members. Members can be
selected by typing the member number or by selecting them graphically using the [\] button.
This option is useful when you want to assign the same boundary conditions to several mem-
bers. Please note that already defined settings cannot be changed subsequently with this
function.

Program STEEL SP © 2013 Dlubal Software GmbH
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2.6  Effective Lengths - Sets of Members

The input window 1.6 controls the effective lengths for sets of members. It is only available if
one or more sets of members have been selected in window 1.1 General Data.

1.6 Effective Lengths - Sets of Members

N B [ ¢ [ o [ E [ F [ G [ H I ] [ J 1] K
Set Buclkling Buckding About Major Auds fy) Buckling About Minor fuds {z) Lateral-Torsional Buckling
No Possible | Possible Uy uly [m] Possible Uz ulz [m] Possible Beam Type | [m] Comment
1.000 6.000 1.000 3.000 Beam 3.000

Settings - Set of Members No. 2 IP-B 45 B1 | GOST, 1994
[ Set of Members
Cross-Section
Length
Buckling Possible -
[ Buckling About Auxis y Possible T—T
Effective Length Coefficient uy 1.000 3
Effective Length uy £.000[m El 0
[ Buckling About Auxis z Possible
Effective Length Coefficient uz 1.000 -
Hfective Length ulz 3.000 |m g I
] Lateral-Torsional Buckling Possible - i
Beam type Beam 150
LTE Length =i 3.000 |m
Comment I
*
z
Set input for sets No.: [mm]
] (a]

Figure 2.16: Window 1.6 Effective Lengths - Set of Members

The concept of this window is similar to the one in the previous 1.5 Effective Lengths - Members
window. In this window, you can enter the effective lengths of the set of members for buckling
and lateral-torsional buckling as described in chapter 2.5.

22

I Program STEEL SP © 2013 Dlubal Software GmbH




2 Input Data

ds

Reference to

Member
List of Members
Set of Members

Beam Type

Beam i |

Cantilever Start Free
Cartilever End Free

Dlubal

2.7

This input window controls several settings for the serviceability limit state design. It is only
available if you have set the according entries in the Serviceability Limit State tab of window 1.1
General Data (see Figure 2.4, page 11).

Serviceability Data

1.7 Serviceability Data

B [ c 1 D [ E 1 F [ G H
Members Reference Length Direc- Precamber
No. Reference to No. Manually L [m] tion wog [mm] Beam Type Comment
1| Member 4 [m] 3262 vz ] Beam
2 | Member 13 a 3011 y.z 0.0 Beam
3 Member 14 O 3262 v,z 0.0 Beam
4 Member 23 O 3011 y.z 0o Beam
I Ut of Members 7] 35 Q 12548| y.z 0.0 Beam
6 | Set of Members 2 ] 6000) vz 0.0 Beam
7
[
9
10
11
12
13
14
15
16
17
18
ik]
20
Fil
22
3
24
25
26
Fj
28
29
30
N
32

Figure 2.17: Window 1.7 Serviceability Data

In column A, you decide whether you want to apply the deformation to single members, lists
of members, or sets of members.

In table column B, you enter the numbers of the members or sets of members that you want to
design. You can also click [...] to select them graphically in the RSTAB work window. Then, the
Reference Length appears in column D automatically. This column presets the lengths of the
members, sets of members, or member lists. If required, you can adjust these values after se-
lecting the Manually check box in column C.

Table column E defines the governing Direction for the deformation analysis. You can select
the directions of the local member axes y and z (or u and v for unsymmetrical cross-sections).

A precamber w. can be taken into account by using entries specified in column F.

The Beam Type is of vital importance for the correct application of limit deformations. In table
column G, you can select the girder to be a beam or a cantilever and decide which end should
have no support.

The settings of the Details dialog box determine whether the deformations are related to the
undeformed initial model or to the shifted ends of members or sets of members (see Figure 3.1,
page 25).
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2.8 Parameters - Members

The last input window controls additional design parameters for members.

1.8 Parameters - Members

C -
Member|  Service factor Cross-Sectional
No. Te Area Comment
1
2 0.500 O
3 0.500 a
4 0.500 ]
5 0.500 O
6 0.500 a
7 0.500 ]
8 0.500 O
il 0.500 a
12 0.500 O

Settings - Member No. 1

Cross-Section
Service factor Tc
B Cross-sectional area for tension design

B Start f=0m)
Cross-Sectional Area A mm?
Net Cross-Sectional Area An 8430.0 | mm2

B End {=)
Cross-Sectional Area A mm2
Net Cross-Sectional Area An 8430.0 | mm?2

Commert

[ Set input for members No.

Figure 2.18: Window 1.8 Parameters - Members

Service Factor

In column A, there is the possibility to set a value of service factor according to [1] Table 1.
The value is set as 0.9 by default. However, it is important to check the structural member and
to correct this value if appropriate.

Cross-Sectional Area

Column B provides an option to reduce the cross-sectional area of the selected member. The
values of reduced net cross-sectional areas are related to the start and end of the members.
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3. Calculation
3.1 Details

Before you start the [Calculation], it is recommended to check the design details. You can open
the corresponding dialog box in all windows of the add-on module by clicking [Details].

Y
Details &J
Check of Maximum Effective Slenderness Ratio Partial Safety Factors Display Result Tables
Members with KLir Fackor ace.to Tae 3 m 102512 | 2.1 Design by Load Case
- Tension 300 = /] 2.2 Design by Cross-Section
- Compression  flescure: 180 = /12 3 Design by Set of Members
| 2.4 Design by Member
Serviceability (Deflections) Limit Values for Special Cases 7] 2.5 Design by x-Location
. S Do net consider small momerts f:
Maximum deflection: L/ 300
| 3.1 Goveming Intemal Forces by Member
Bending

/| 3.2 Goveming Intemal Forces by Set of Members

Deformation relative to: T . -
My I Wy,min Ry 1e < 00102

@ Shifted members ends / zst of members ends - 3.3 Member Slendemesses
Mz [ WzminRyfe % 0.0101=

Undzformed system ¥]4.1 Parts List by Member
- - Do not consider small axial forces if: | 4.2 Parte List by Set of Members
Stability Anatysis
7] Check stabifty T Nt/ AnRyJo < 00102 @) Only for members / sets to be designed
< Of all members / sets of members
Compression Ng/ AnRyyc = 0010

Load aplication of possitive transverse loads

Load aplication of possitive transverse load acc. totables | |imit shear stress for cross-sections with:
G1.G2and G.4:
Tarsion Tite £ 00101

@ On cross-section edge directed to shear center E
{e.g.top flange, destabilizing effect) Options

Allow plastic design (Class 2 and 3 acc. to SNIP

On cross-gection edge directed from shear center 23.81)

{e.g. bottom flange, stabilizing effect)

Crozs-Section Optimization

Max sllowable design ratio: 1.000

@] @) B ()] ok ) [ comeal

o

Figure 3.1: Dialog box Details

Check of Maximum Effective Slenderness Ratio

In the two input fields, you can specify the limit values K- L/r of the slenderness ratios. It is
possible to enter specifications separately for members with pure tension forces and members
with bending and compression.

The real member slendernesses are compared to the limit values in window 3.3. This window
is available after the calculation (see chapter 4.8, page 35) if the corresponding check box is
selected in the dialog section Display Result Tables.

This check does not apply to the member types "Tension" and "Cable" because they are ex-
cluded from this check.

Serviceability (Deflections)

In this section, it is possible to change set the allowable deflection for the serviceability limit
state design if the default value L/300 is not appropriate.

The two option fields below control whether the Deformation is to be related to the shifted
ends of members or sets of members (connection line between start and end nodes of the de-
formed system) or to the undeformed initial system. As a rule, the deformations have to be
checked relative to the displacements in the entire structural system.
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Stability Analysis
When ticking the check box in this dialog section, you decide if you want to perform a Stability
Analysis generally. If you clear the check box, the input windows 1.4 to 1.7 won't be displayed.

Load application of positive transverse loads

Usually, loads act on members (transverse loads). It is important to define where these forces
are acting on the cross-section: Depending on the Load Application point, transverse loads can
be stabilizing or destabilizing, and in this way they can decisively influence the lateral torsional
buckling design.

Cross-Section Optimization

The optimization is targeted on the maximum design ratio of 100 %. If necessary, you can
specify a different limit value in this input field.

Partial Safety Factors

In this section, you can change partial safety factor ym according to [1] Table 3. The most com-
mon value is set as default for this factor.

Limit Values for Special Cases

It is possible to neglect small stresses due to Bending, Tension, Compression or Torsion and,
thus, allow a simplified design which eliminates negligible internal forces. In this dialog sec-
tion, the limits of the different types of stresses can be defined. Those are the ratios between
the existing stresses and the corresponding resistances of each cross-section.

These limit settings are not part of the code [1]. Changing the limits is in the responsibility of
the program user.

Options
All cross-sections are automatically classified as Class 1 so that there is an elastic design. Alter-
natively, you can activate the Plastic Design for all cross-sections.

Display Result Tables

In this dialog section, you can select the results windows including parts list that you want to
be displayed. The windows are described in chapter 4 Results.

The 3.3 Member Slendernesses window is inactive by default.
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3.2  Start Calculation

To start the calculation, click the [Calculation] button that is available in all input windows of
the STEEL SP add-on module.

STEEL SP searches for the results of the load cases, load and result combinations to be designed.
If these cannot be found, the program starts the RSTAB calculation to determine the design rel-
evant internal forces.

You can also start the calculation in the RSTAB user interface: In the dialog box To Calculate
(menu Calculate — To Calculate), design cases of the add-on modules like load cases and load
combinations are listed.

To Caleulate @
Load Cases / Combinations / Module Cases | Result Tables
Not Calculated Selected for Calculation
No = Description o Mo. = Description -
[ imp Jlet] Imperfections v +X CAl STEEL 5P - Design of steel members according to SP
[ 1mp Jlec] Imperfections v -Y'
I LC10 | Imperfections v +Y
co1 1.35°1C1 + 1.35°LC2 + 1.35°LC3 + 1.35°LCT + LCB
coz 1.357LC1 = 1.57LC2 + LCB
CO3 |[1.35°LC1+15°LC3 +LCB
CO4 |[1.35°LC1 = 1.5°LC7 < LCB
CO5 |LC1+15°LCE+LCE
CO6 | 1.35°LCT =+ 1.5°LC4 + LC10
co7 1.357LC1 = 1.57LC5 + LCS
COB  [1.35°LC1+1.35°LC2 + 1.35".C4 =+ 1.35°LCT + LC10 L
C09  [1.35°LC1 +1.35°LC2 + 1.35".C5 + 1.35°LCT + LCY 3
CO11 |LC1+LCZ2+1C3+LCT+LCE
C012 |LC1+LCZ+LC8 -
COT3 |LCT+1C3+1C8 1
CO14 |LC1+LCT7+LCE
CO15 |[LC1=LCE+1CE
CO16 |LCT+LC4+LC10
CO17 |LC1+LC5+LCS
CO18 |LC1+LCZ+LC4+LCT+1C10
CO19 |LC1+LCZ+LC5+LCT+1CY
RC1 ULS (STR/GEQ) - Permanent / transient - Eq. 6.10
RC2 5SLS - Characteristic
Al -

Figure 3.2: To Calculate Dialog box

If the STEEL SP design cases are missing in the Not Calculated list, select All or Add-on Modules
in the drop-down list at the end of the list.

To transfer the selected STEEL SP cases to the list on the right, use the button [»]. Click [OK] to
start the calculation.

To calculate a design case directly, use the list in the toolbar. Select the STEEL SP design case in
the toolbar list, and then click [Show Results].

STEELSP CAL -Designofs = @ > @ 1V | @0 G g
| —
’Ci'llﬂdf RIAE3-3- @'IShawResultsL

Figure 3.3: Direct calculation of a STEEL SP design case in RSTAB

Subsequently, you can observe the design process in a separate dialog box.
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Window 2.1 Design by Load Case is displayed immediately after the calculation.

STEEL SP - [Demo-Seng-new] Lse |
File Edit Seftings Help
CA1 - Design of stesl members ¢ = | 21 Design by Load Case
s ] C D] [ET E [G]-
General Data Load- Member | Location Design
Materials ing Description Mo x[m] Ratio Design According to Formula DS
ErpEare [ | Utimate Limit State Desig
e 81 0.000 0.71 [ % 1] 313) Stabiity analysss - FlsuraHorsional buckling acc. o 7.1.5 uLs
e = i orbess ! 0.000 1.05 > 1| 326) Stabiity analysis - Bending bout y-axds and xal force - Out-of plane stabilty check | ULS | =
Effective Lengths - Sets of Men 13 0.000 0.18 | < 1 322) Stability analysis - Lateral torsional buckiing according to 8.4.1 uLs
Serviceabity Data 8 1273 072 1 327) Stabilty analysis - Lateral torsional bucking according to 8.4.1 uLs
Paanctas Marbas Wind at peakc v ¥ 81 3273 0.45 % 1 322) Stabilty analysss - Lateral torsional bucking accordingto 8.4.1 uLs
Fenks Wind positive 3 0.000 0.40 | <1 322) Stability analysis - Lateral torsional buckling accerding to 8.4.1 uLs
Design by Load Case Live Load 3 3125 0.7 €1 322) Stabilty analysis - Lateral torsional bucking according 1o 8.4.1 uLs
Design by Cross-Seation
EESF" ‘g f:‘ f'; Members || Serviceabilty Limit State Design -
esign by Member
Design by x-Location Max: 105[>18
Goveming Intemal Forces by M
Goveming Intemal Forces by S« Details - Member 81 - x: 0.000 m - LC1 18- IP-B25 B1 | GOST, 1994
Parts List by Member Material Values - Steel C 255 (Profikes)
Pats List by Set of Members | |l Cross Section Values — IP-B 25 B11GOST, 1954
Design Intemal Forces
Slendemess check ace. to 7.3.1 and 7.3.7 "
E] Design Ratio — 1
Auial Foros P 50533 [kN
Gross Area A 3268.0 | mm? H o
Modulus of Elasticly E Z1000.00 | kN/em?
Yield Porrt Ryn 2550 | kN/om? N
Safety Factor m 1025 Table 3 =) I >
Design Resistance Ry 2488 |kN/em? Table 2 = E
Effective Lengih u: 6546 |m o
Speofic Slendemess Ratio T2 8063 713
Factor Cmax 1.000 ED
Cosfficiert [T 0117 D] H
Factor e 0117 715 f
Service Factor to 0900 Table 1
Design Ratio n 0r <710 715
{mm]

Figure 4.1: Results window with designs and intermediate values

The designs are shown in the results windows 2.1 to 2.5, sorted by different criteria.

Click [OK] to save the results. Thus you exit STEEL SP and return to the main program.

The windows 3.1 and 3.2 list the governing internal forces. Window 3.3 informs you about the
member slendernesses. The last two results windows 4.1 and 4.2 show the parts lists sorted by
member and set of members.

Every window can be selected by clicking the corresponding entry in the navigator. To set the
previous or next input window, use the buttons shown on the left. You can also use the func-
tion keys to select the next [F2] or previous [F3] window.

Chapter 4 Results describes the different results windows one by one. Evaluating and checking
results is described in chapter 5 Results Evaluation, page 38.

28

I Program STEEL SP © 2013 Dlubal Software GmbH



Max: 092 <1 @

'4 Results _I_/ AN

Dlubal

4.1  Design by Load Case

The upper part of this window provides a summery, sorted by load cases, load combinations,
and result combinations of the governing designs. Furthermore, the list is divided in Ultimate
Limit State Design and Serviceability Limit State Design results.

The lower part gives detailed information on the cross-section properties, analyzed internal
forces, and design parameters for the load case selected above.

2.1 Design by Load Case

[ A [ B [ C D = 2 F W
Load- Member | Location Design
ing Description No. x [m] Ratio Design According to Fomula Ds
Ultimate Limit State Design
Dead Load 1 2.000 0.71 | £ 1 [326) Stability analysis - Bending about y-ads and axial force - Out-of plane stability check act] LS
LC2 | Snow Load 23 0.000 1.11 | = 1| 326) Stability analysis - Bending about y-axdis and axial force - Out-of plane stability check act | ULS
LC3 | Wind v +X 11 5.400 D20 | = 1| 322) Stability analysis - Lateral torsional buckding according to 8.4.1 uLs
LC4 | Wind at pesk v+ &1 3273 0.72 | £1 | 327) Stability analysis - Lateral torsional buckling according to 8.4.1 LS
LC5 | Wind at pesk v -1 81 3273 D.45 | £ 1| 322) Stability analysis - Lateral torsional buckling according to 8.4.1 ULS
Serviceabilty Limit State Design
LC1 | Dead Load 23 1506 0.20 | =1 | 401) Serviceability - Deflection in z-direction for beam
Max: 111 @ l>1.0 _J' lﬁ“&] lij < li]
Details - Member 21 - x: 2.000 m- LC1 1-IP-B 45 B1|GOST, 1994
Material Values - Steel C 235 (Profiles)
[ Cross-Section Values - [P-B 45 B11GOST, 1594
Design Intemal Forces
Slendemess check acc.to 7.3.1and 7.3.7 0
[ Design Ratio T—T
Axial Force N 63.016 | kN
Bending Moment Wy 33729 | kNm §] B
Net Cross-Sectional Area An 8430.0 | mm2
Yield Poirt Ryn 23.50 | kN/ocm2 -
Safety Factor fm 1.025 Table 3 CI »
Design Resistance Ry 2293 [kN/ecm2 Table 2 = £
Elastic Section Modulus Woynmin | 1287000.0 [ mm? o
Factor 9z 0.368 713
Cosfiiciert 9 0621 GT)or G.2)
Eccertricty Ratio my 10519 925 ‘
Factor c 0.138 {112yor (113} =z
Service Factor To 0.500 Table 1
Design Ratio 071 <1 924 (111)

Figure 4.2: Window 2.1 Design by Load Case

Description

This column shows the descriptions of the load cases, load and result combinations used for
the design.

Member No.

This column shows the number of the member that bears the maximum stress ratio of the
designed loading.

Location x

This column shows the respective x-location where the member's maximum stress ratio oc-
curs. For the table output, the program uses the following member locations x:

e Startand end node

¢ Division points according to possibly defined member division (see RSTAB table 1.6)

e Member division according to specification for member results (RSTAB dialog box
Calculation Parameters, tab Global Calculation Parameters)

e Extreme values of internal forces

Design Ratio
Columns D and E display the design conditions according to SP 16.13330.2011 [1].

The lengths of the colored bars represent the respective utilizations.
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This column lists the code's equations by which the designs have been performed.

DS
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The final column provides information on the respective design-relevant design situation (DS):
ULS (Ultimate Limit State) or SLS (Serviceability Limit State).

4.2  Design by Cross-Section

2.2 Design by Cross-Section

[ AT B8 [ C J D [E -
Section | Member | Location Load Design
Q. No x[m] Case Ratio Design According to Formula
1 IP-B 45 B1]GOST, 1534
39 3.000( LC4 0.01 | = 1| 100) Negligible intemal forces
3 0.000 LC1 0.06 | = 1| 102) Cross-section check - Compression acc. to 7.1.1
l:l 2 6.000 LC4 Do | <1 m} Cross-section check - Shear force in y-axis acc. to 8.2.3
2 0.000| LC2 D.21| 1) 108) Cross-section check - Shear force in z-as acc. to 8.2.3
21 6.000 LC2 0.64 | 1| 111) Cross-section check - Bending about y-axis acc.to 8.2.1- Class 1
1 3.000 LC4 0.17 | = 1| 116) Cross-section check - Bending about z-ds acc. to 8.2.1 - Class 1
21 6.000| LC2 0.56 | £ 1) 139) Cross-gection check - Bending about y- and./or z-20ds acc. to 8.2.1
21 6000 1C2 D.59 | £1 181) Cross-section check - Biaxial bending about y-ads. shear and axial force ace to 9.7.1
3 0.000 LC1 0.06 | 1| 301) Stabilty analysis - Alexural buckling about y-ads acc. to 7.1.3 -
- Ti>18

Details - Member 2 - x: 6.000 m- LC4
Material Values - Steel C 235 (Profles)

[# Cross-Section Yalues - |P-B 45B1]GOST, 1534

Design Intemal Forces

Slendemess check acc.to 7.3.1and 7.3.7

[ Design Ratio
Shear Force
Statical Moment
Moment of Inertia
Thickness of Flange
Yield Poirt
Safety Factor
Design Resistance
Service Factor
Design Ratio

Qy 3752 kN

Sz 58401.5 | mm?

Iz 15797000.0 | mm+

t 12.0 | mm

Ryn 2350 | kNsom?2

Tm 1.025 Table 3

Rs 13.30 | kN/om2 Table 2

0.500 Table 1
0.01 =1 821(42)

Figure 4.3: Window 2.2 Design by Cross-Section

1-1P-B45B1| GOST, 1994

4460
T
1
|
I
I
1
A\

[mm]

This window lists the maximum ratios of all members and actions selected for design, sorted
by cross-section. The results are sorted by cross-section design and serviceability limit state

design.

If there is a tapered member, both cross-section descriptions are displayed in the table row
next to the section number.
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Design by Set of Members

2.3 Design by Set of Members
A B C ] [ E -
Set | Member | Location Load Design F
No Mo. % [m] Case Ratio | Design According to Formula
2 Set No.2 (Member No. 1)
1 0000| LC 0.04 | =1 102) Cross-section check - Compression acc. to 7.1.1 =
1 6.000 LC4 0.01 | = 1| 106) Cross-section check - Shear force in y-axds acc. to 8.2.3
1 0.000| LC2 0.04 | 1| 108) Cross-section check - Shearforce in z-axds acc. to 8.2.3
1 6000 LCZ 0.32 | =1 111} Cross-section check - Bending about y-axs acc. to 8.2.1 - Class 1 L
1 3.000 LC4 0.17 | £ 1| 118} Cross-section check - Bending about z-axdis acc. to 8.2.1 - Class 1
1 6.000 LCZ 0.28 | = 1| 139) Cross-section check - Bending about y- and-/or z-axis acc. to 8.2.1
1 6000, LC2 0.25 | =1 | 181) Cross-section check - Biaxial bending about y-axis, shear and axial force acc.to 9.7.1
1 0.000| LC1 0.04 | =1 | 301) Stability analysis - Flescural buckling about y-ais acc. to 7.1.3
| | 1 oooo| LCi 0.05 | <1 311) Stability analysis - Flexxural buckling about z-axis ace. to 7.1.3 -
M 1i>18 ClE Elkw W
Details - Member 1 - x: 6.000 m - LC2 1-IP-B 45 B1 | GOST, 1994
Material Values - Steel C 235 (Profiles)
[ Cross-Section Values - IP-B 45 B11GOST, 1994
Design Intemal Forces
[@ Slendemess check acc.to 7.3.1and 7.3.7 -
[ Design Ratio T—T
Aozl Force N -23.438 | kN
Net Cross-Sectional Area An 34300 [mm? §] =0
Yield Point Ryn 2350 | kN/em2
Safety Factor Tm 1.025 Table 3 -
Design Resistance Ry 22.93 | kMscm2 Table 2 E S
Bending Momert My #5.338 | khm = ¥
Coefficient cy 1.099 Table F.1 20
Blastic Section Modulus Wyn,min | 1287000.0 |mm?
Service Factor o 0.500 Table 1
Factor rn 1500 Table F.1 i
Design Ratio N 0m z
Design Ratio My 0.2%
Design Ratio n 029 21 9.1.1.(105)
[mm]
=

Figure 4.4: Window 2.3 Design by Set of Members

This results window is displayed if you have selected at least one set of members for design.
The window lists the maximum ratios sorted by set of members.

The Member No. column shows the number of the one member within the set of members that
bears the maximum ratio for the individual design criteria.

The output by set of members clearly presents the design for an entire structural group (for
example a frame).
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4.4  Design by Member

2.4 Design by Member

A ] = [D -
Member | Location Load Design D
No x [m] Case Ratio | Design According to Formula
1 Cross-section No. 1-1P-B 45B1|GOST, 1594
0.000 LC1 0.04 | £1|102) Cross-section check - Compression acc.to 7.1.1
6.000| LC4 0.01 | =1 106) Cross-section check - Shear force in y-axis acc.to 8.2.3
0.000 LC2 0.04 | £ 1| 108) Cross-section check - Shear force in z-axis acc. to 8.2.3
6.000| LC2 0.32 | =1 111) Cross-section check - Bending about y-axis acc.to 8.2.1- Class 1
3.000 LC4 0.17 | £ 1| 116) Cross-section check - Bending about z-axis acc.to 8.2.1-Class 1
6.000| LC2 0.28 | =1 138) Cross-section check - Bending about y- and./or 2-axis acc. to 8.2.1
6.000 LC2 0.25 | £1 [181) Cross-section check - Biaxial bending about y-axis, shear and axial force acc. to 5.1.1
0.000| LC1 0.04 | < 1| 301) Stability analysis - Fexural buckling about y-=ds acc.to 7.1.3
| | 0000 LC1 0.05 | £ 1| 311) Stability analysis - Flexural buckling about z-zds acc. to 7.1.3 -
vl [218 BE e
Details - Member 1 - x: 6.000 m- LC2 1-IP-B 45 B1 | GOST, 1894
aterial Values - Steel C 235 (Profiles)
Cross-Section Values - IP-B 45 B1[GOST, 1554
Design Intemal Forces
E Slendemess check acc.to 7.3.1and 7.3.7
B Design Ratio
Aozl Force N -23.438 (kN
Net Cross-Sectional Area An 8430.0 | mm2
Yield Pairt Ryn 23.50 | kN/em2
Safety Factor tm 1025 Table 3 -
Design Resistance Ry 22.93 |kN/cm? Table 2 2 b oy
Bending Momert My 85.338 | kNm i ¥
Cosfficient cy 1.09% Tabls F.1
Hlastic Section Madulus Woyn,min | 1287000.0 | mm?
Service Factor e 0.300 Table 1 i
Factor rn 1.500 Table F.1 e
Design Ratio nh 0.0 z
Design Ratio MM,y 029
Design Ratio n 029 =1 9.1.1.(105)
[mm]
& E

Figure 4.5: Window 2.4 Design by Member

This results window presents the maximum ratios for the individual designs sorted by member
number. The columns are described in detail in chapter 4.1 on page 29.

4.5 Design by x-Location

2.5 Design by x-Location

A B C [D
Member  Location Load Design D
No. x [m] Case Ratio ‘ Design According to Formula

1 Cross-section Mo. 1-IP-B 45 B1|GOST, 1994

»

0000 L1 0.04 | £1 | 102) Cross-section check - Compression acc. to 7.1.7
0.000 LC4 0.01 | =1 | 106) Cross-section check - Shear force in y-ads acc. to 8.2.3
0.000| LC2 0.04 | =1 | 108) Cross-section check - Shear force in z-axis acc.to 823
0.000 LC1 0.04 =1 |301) Stability analysis - Flexural buckling about y-axis acc.to 7.1.3
I om| o 0.05 | <1 [371) Stabity analyss - Fexurel buckling abott za4s 3t to 7.1.3
0000 L 0.04 | 1| 313) Stability analysis - Flexural4orsional buckling acc.to 7.1.5
o000 LCt 0.00 | 1| 400) Serviceability - Negligible defomations
1.000 LC1 0.04 | =1 | 102) Cross-section check - Compression acc. to 7.1.1
1.000 LC4 0.01 | £1 | 108) Cross-section check - Shear force in y-axis acc.to 82.3 -
M -18 CE B
Details - Member 1 - x: 0.000 m- LC1 1-IP-B 45 B1 | GOST, 1994
Material Values - Steel C 235 (Profiles)
Cross-Section Values - |P-B 45 B1]GOST, 1934
esign Intemal Forces
[ Slendemess check acc to 73.7and 7.3.7
[ Design Ratio
Podal Force N 70,935 | kN
Gross Area A 8430.0 | mm2
Modulus of Elasticity E 21000.00 | kN/cm2
Yield Point Ryn 23.50 | kMN/cm2 -
Safety Factor Tm 1.025 Table 3 =
Design Resistance Ry 22.93 | kN/em?Z Table 2 =
Effective Length wz 3.000 | m
Radius of Gyration rz 433 | mm
Slendemess Ratio iz 69.302
Spediic Slendemess Raiio b 2250 713 ‘
Factor o 0.040 Table 7 z
Factor B 0.050 Table 7
Factor Bz 16.753 5]
Factor 0z 0.773 713
Service Factor Te 0.500 Table 1 [mm]
Design Ratio kil 0.05 <10 713 @@

Figure 4.6: Window 2.5 Design by x-Location
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This results window lists the maxima for each member at the locations x resulting from the

division points defined in RSTAB:

e Startand end node

¢ Division points according to possibly defined member division (see RSTAB table 1.6)

e Member division according to specification for member results (RSTAB dialog box
Calculation Parameters, tab Global Calculation Parameters)

e Extreme values of internal forces

4.6

3.1 Goveming Internal Forces by Member

Governing Internal Forces by Member

B | C [ D E F [ G [ H | -
Member | Location Load- Forces [kN] Moments [lkNm]
MNo. x [m] ing N Vy Vz Mx My Mz Design According to Formula

Crosssection No. 1-IP-B 45 B1|GOST, 1994

I oom] @ 70935 DO0D0[  -10283 0.00M 0.000 0.000 | 102) Cross-section check - Compression ace. to 7.1.1
6.000 Lc4 0.000 3752 0.000 0.010 0.000 -0.011 | 106) Cross-section check - Shear force in y-ads acc.to 8.2.3
0.000| LC2 -23.438 0.000 14223 0.000 0.000 0.000 | 108) Cross-section check - Shear force in z-axis acc. to 8.2.3
6.000 LC2 -23.438 0.000 14223 0.000 85338 0.000 | 111) Cross-section check - Bending about y-axis acc. to 8.2.1 -
3.000| LC4 0.000 0.002 0.000 0.010 0.000 5.620 | 116) Cross-section check - Bending about z-axis ace. to 8.2.1 -
6.000 LCZ -23.438 0.000 14223 0.000 -85.338 0.000 | 139) Cross-gection check - Bending about y- and./or z-zds acc.
6.000| LC2 -23438 0.000 -14223 0.000 -85.338 0.000 | 181) Cross-section check - Bizdal bending about y-ads. shear @
0000 LC1 =70.935 0.000 -10.283 0.001 0.000 0.000 | 301) Stability analysis - Flesural buckling about y-ads ace. to 7.
0000 LC1 =70.935 0.000 -10.283 0.001 0.000 0.000 | 317) Stability analysis - Flexcural buckling about z-axis acc. to 7.
6.000 LC2 -23.438 0.000 14223 0.000 -85.338 0.000 | 313) Stability analysis - Flexural4orsional buckling acc. to 7.1.5
6.000| LC1 -16.996 0.000 -10.283 0.001 £1.698 0.000 | 322) Stability analysis - Lateral torsional buckling according to &
6.000 LCZ -23.438 0.000 14223 0.000 -85.338 0.000 | 324) Stability analysis - Bending about y-axis and aial force - In
4000, LC2 -23438 0.000 14323 0.000 -56.892 0.000 | 326) Stability analysis - Bending about y-ands and axial force - O
0.000 LC1 0.000 0.000 0.000 0.000 0.000 0.000 | 400) Serviceability - Negligible deformations
3.000 L1 0.000 0.000 0.000 0.000 0.000 0.000 | 401) Servicesbility - Deflection in z-direction for beam

2 | Cross-section No. 1-P-B 45 B1|GOST, 1994
0.000| LC1 -70.935 0.000 10.283 0.000 0.000 0.000 | 102) Cross-section check - Compression acc. to 7.1.1
6.000 | LC4 0.000 3782 0.000 0.010 0.000 -0.011 | 108) Cross-section check - Shear force in y-axis acc. 1o 8.2.3
0000 LC2 -23438 0.000 14223 0.000 0.000 0.000 | 108) Cross-section check - Shear force in z-axis acc. 10 8.2.3
6.000| LC2 -23438 0.000 14223 0.000 85338 0.000 | 117) Cross-section check - Bending about y-axis acc. to 8.2.1 -
3000 LC4 0.000 0.002 0.000 £0.010 0.000 5.620 | 116) Cross-section check - Bending about z-axis acc. to 8.2.1 -
6.000 LCZ -23.438 0.000 14223 0.000 85338 0.000 | 139) Cross-section check - Bending about y- and-/or z-axis acc.
6.000| LC2 -23.438 0.000 14223 0.000 35338 0.000 | 181) Cross-section check - Bizxdal bending about y-axis, shear:
0.000| LC1 -70.935 0.000 10.283 0.000 0.000 0.000 | 301) Stability analysis - Flescural buckling about y-zxds acc. to 7.
0000 LCH -70.935 0.000 10.283 0.000 0.000 0.000 | 311) Stability analysis - Flescural buckling about z-zxds acc. to 7.
6.000| LC2 -23438 0.000 14223 0.000 85338 0.000 | 313) Stability analysis - Flesuraltorsional buckling acc. to 7.1.5
6.000 L1 -16.996 0.000 10.283 0.000 61.698 0.000 | 322) Stahility analysis - Lateral torsional buckling according to 8
6.000, LC2 -23.438 0.000 14223 0.000 85338 0.000 | 324) Stability analysis - Bending about y-mdis and axal force - In
1.000| LC2 -23.438 0.000 14223 0.000 14.223 0.000 | 326) Stability analysis - Bending about y-anis and axial force - O
3 | Crosssection No. 3- 1P 40 B11GOST 2602083 ... 2- IP-B 40 B1/GOST. 1994

0000 LC4 0.000 -0.056 0.000 40.010 0.000 -0.011 | 100) Negligible intemal forces

Figure 4.7: Window 3.1 Governing Internal Forces by Member

For each member, this window displays the governing internal forces, i.e. those internal forces
that result in the maximum utilization of each design.

Location x

At this x location of the member, the respective maximum design ratio occurs.

Load Case

This column displays the number of the load case, the load combination or result combination
whose internal forces result in the maximum design ratios.

Forces / Moments

For each member, this column displays the axial and shear forces as well as the torsional and
bending moments producing maximum design ratios in the respective ultimate limit state and
serviceability limit state designs.

Design According to Formula

The final column provides information on the types of design and the equations by which the
designs according to [1] have been performed.

Program STEEL SP © 2013 Dlubal Software GmbH
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4.7 Governing Internal Forces by Set of Members

3.2 Governing Internal Forces by Set of Members

B [ ¢ [ o [ e [ ¥ [ &G [ H ] |
Set Location Load- Forces [kN] Moments [xNm]
Ho. x[m] ing N Vy Vz Mx My Mz Design According to Formula
Z Set No 2 (Member No. 1)
[ LC1 -70.935 0.000 | [ -10.283 0.001 0.000 0.000 | 102) Cross-section check - Compression acc. ta 7.1.1

6.000| LC4 0.000 3752 0.000 0.010 0.000 -0.011 | 106) Cross-section check - Shear force in y-ads acc. to 8.2.3
pDooo| Lc2 -23438 0.000 -14223 0.000 0.000 0.000 | 108) Cross-section check - Shear force in z-ads ace. to 823
6.000 LCZ -23.438 0.000 -14.223 0.000 -85.338 0.000 | 111) Cross-section check - Bending about y-mds acc.to 8.2.1-Cla
3000 LC4 0.000 0.002 0.000 0.010 0.000 5.620 | 116) Cross-section check - Bending about z-sxis acc.to 82.1-Cla
6.000| LC2 23438 0.000 -14.223 0.000 -85.338 0.000 | 139) Cross-section check - Bending about y- and/or 2-ans acc. to
6.000 LC2 -23.438 0.000 -14.223 0.000 -85.338 0.000 | 181) Cross-section check - Bizxdal bending about y-axds. shear and
0000 LC1 -70.935 0.000 -10283 0.001 0.000 0.000 | 30) Stability analysis - Flexural buckling about y-axis acc.to 7.1.3
0000 LC1 -70.935 0.000 -10.283 0.001 0.000 0.000 | 311) Stability analysis - Flexural buckling about z-axis ace. to 7.1.3
6000| LC2 -23438 0.000 -14223 0.000 -85.338 0.000 | 313) Stability analysis - Flesoural torsional buckling acc.to 7.1.5
6000 LC1 -16.956 0.000 -10283 0.001 £1.698 0.000 | 322) Stability analysis - Lateral torsional buckling according to 8.4.1
6.000 LC2 -23.438 0.000 14223 0.000 -85.338 0,000 | 324) Stability analysis - Bending about y-axis and axial force - In pla
4000 LC2 -23.438 0.000 -14323 0.000 -56.892 0.000 | 326) Stability analysis - Bending about y-axis and axial force - Out-o
0.000 L1 0.000 0.000 0.000 0.000 0.000 0.000 | 400) Serviceshility - Negligible deformations
3000 LC1 0.000 0.000 0.000 0.000 0.000 0.000 | 407) Serviceability - Deflection in z-direction for beam

Figure 4.8: Window 3.2 Governing Internal Forces by Set of Members

This window shows the internal forces that result in the maximum ratios of the design for each
set of members.
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4.8 Member Slendernesses

3.3 Member Slendernesses

B [ £ [ D [ E [ F [ G [ H [ -
Length Maijor Axis y Minor Axis z
L jm] ky [ iy Imm] Ay H kz[ iz [mm] hzH

N 6.000 1.000 1845 32519 0.500 433 69.302
F Compression / Flexure 6.000 1.000 1845 32519 1.000 433 138.605

3 Compression /# Flexure 3 1.000 160.4 18.77 0.333 42 29.381 i

4 Compression / Flexure 3262 1.000 166.6 19.587 1.000 448 72.858 3
5 Compression / Flexure 6.274 1.000 166.6 37667 0.200 448 28022
[ Compression / Flexure 6274 1.000 166.6 37667 1.000 448 140111
7 Compression /# Flexure 3.262 1.000 166.6 19.587 1.000 448 72858
8 Compression / Flexure 3011 1.000 1604 1877 1.000 M2 88.143
11 Compression / Flexure 6.000 1.000 1845 32519 1.000 433 138.605
12 Compression / Flexure 6.000 1.000 1845 32519 1.000 433 138.605
13 Compression /# Flexure 3 1.000 160.4 18.77 1.000 42 88.143
14 Compression / Flexure 3262 1.000 166.6 19.587 1.000 448 72.858
15 Compression / Flexure 6.274 1.000 166.6 37667 1.000 448 140.111
16 Compression / Flexure 6274 1.000 166.6 37667 1.000 448 140111
17 Compression /# Flexure 3.262 1.000 166.6 19.587 1.000 448 72858
18 Compression / Flexure 3011 1.000 1604 1877 1.000 M2 88.143
A Compression / Flexure 6.000 1.000 1845 32519 1.000 433 138.605
2 Compression / Flexure 6.000 1.000 1845 32518 1.000 4313 138.605
23 Compression /# Flexure 3 1.000 160.4 18.77 1.000 42 88.143
24 Compression / Flexure 3262 1.000 166.6 19.587 1.000 448 72.858
Compression / Flexure 6.274 1.000 166.6 37667 1.000 448 140.111
26 Compression / Flexure 6274 1.000 166.6 37667 1.000 448 140111
27 Compression /# Flexure 3.262 1.000 166.6 19.587 1.000 448 72858
28 Compression / Flexure 3011 1.000 1604 1877 1.000 M2 88.143
N Compression / Flexure 3.000 1.000 1845 16.259 1.000 433 69.302
32 Compression / Flexure 3.000 1.000 1845 16.259 1.000 4313 £5.302
33 Compression # Flexure 3.000 1.000 855 35.107 1.000 49.5 60.625
) Compression / Flexure 3546 1.000 85.5 41457 1.000 435 71659
Compression / Flexure 3.000 1.000 85.5 35.107 1.000 495 60.625

36 Compression / Flexure 4094 1.000 855 47510 1.000 435 82734 -

Members with compression / flexure:
Max KLy [ Ty 191205 | » 180 ]
MexKlz/rz | 234432|>180 @

E

Figure 4.8: Window 3.3 Member Slendernesses

This results window is shown only when you have selected the respective check box in the
Details dialog box (see Figure 3.1, page 25).

The table lists the effective slendernesses of the designed members for both directions of the
principal axes. They were determined depending on the type of load. At the end of the list, you
find a comparison with the limit values that have been defined in the Details dialog box (see
Figure 3.1, page 25).

Members of the member type "Tension" or "Cable" are not included in this table.

This window is displayed only for information. No design of the slendernesses is carried out.
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Finally, STEEL SP provides a summary of all cross-sections that are included in the design case.

Part

No.

Number of Members

This column shows how many similar members are used for each part.

Length

This column displays the respective length of an individual member.

Total Length

This column shows the product determined from the two previous columns.

Surface Area

For each part, the program indicates the surface area related to the total length. The surface
area is determined from the Surface Area of the cross-sections that can be seen in windows 1.3
and 2.1 to 2.5 in the cross-section information (see Figure 2.10, page 16).

Volume

The volume of a part is determined from the cross-sectional area and the total length.

Figure 4.9: Window 4.1 Parts List by Member

Cross-Section Description

This column lists the cross-section numbers and descriptions.

The program automatically assigns item numbers to similar members.

L A | B c D E G H |
Part Cross-Section MNumber of : Length l Total Length | Surface Area : Volume : Unit Weight l Weight ‘ Total Weight
No Description Members [m] [m] m2] m31 lka/m] [kal i
-| 1-1P-B 45 B11GOST, 1934 6 6.00 36.00 55.08 030 66.18 397.05 2382
2 |2-IP-B40B1/1GOST. 1994..3-IP 4081 8 am 2409 3542 0.16 52.36 157.68 1.261
3 2-1P-B 40 B1|GOST, 1994 8 3126 26.10 40.36 0,19 56.65 184.80 1478
4 |2-1P-B4DB1IGOST, 1934 8 6.27 50.1% Ti62 036 56.65 35539 2843
5 | 1-IP-B4581|GOST, 1934 4 3.00 12.00 19.69 0.10 66.18 198.53 0.794
6 | 10-HP 200x54 | CAN/CSA-516-01 3 3.00 5.00 10.89 0.06 53.54 160.61 0.482
7 10 - HP 200x54 | CAN/CSA-516-01 2 355 7.09 858 0.05 53.54 189.84 0.380
8 | 10- HP 200x54 | CAN/CSA-516-01 1 4.09 4.09 435 0.03 53.54 21518 0.213
S | 15-IP-K25K2|GOST, 1934 4 3.00 12.00 17.45 0.1 72.36 217.08 0.868
10 | 6-IPK20K21GOST. 1994 3 3.00 5.00 10.46 0.06 43.87 145.61 0.443
11 6-1P-K 20 K2 |GOST, 13994 2 355 7.09 824 0.05 43.87 176.84 0.354
12 | 6-IP-K20 K2 |GOST, 1594 1 4.09 4.09 476 0.03 49.87 204.17 0.204
13 |7-IP-K20K21GOST. 1394 4 6.27 25.10 29.15 0.16 49.87 312.88 1.252
14 |9-IP-B35B21GOST. 1994 8 6.25 50.00 68.10 032 49.56 309.78 2478
15 | 16-IP-B25B1|GOST, 1994 1 6.55 6.55 629 0.02 2565 167.93 0.168
16 | 6-IP-K 20 K2|GOST, 1354 1 7.09 7.05% 824 0.05 49.87 35379 0.354
17 | 6-IP-K20K21GOST. 1334 1 6.55 6.55 760 0.04 49.87 326.46 0.326
18 | 12-QRO 75 | GOST 3024503 25 5.00 125.00 32385 0.15 570 4851 1213
19 | 13-Circle 24 4 7.81 324 236 0.01 355 277 0amn
20 | 13-Circle 24 8 8.02 64.12 484 0.03 3.55 2849 0.228
Sum 102 516.46 456.95 277 17.845

By default, this list contains only the designed members. If you need a parts list for all members
of the model, select the corresponding option in the Details dialog box (see Figure 3.1, page 25).

36
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Unit Weight

The Unit Weight of the cross-section is relative to the length of one meter. For tapered cross-
sections, the program averages both cross-section masses.

Weight
The values of this column are determined from the respective product of the entries in column
Cand G.

Total Weight

The final column indicates the total mass of each part.

Sum

At the bottom of the list, you find a sum of the values in the columns B, D, E, F, and I. The last
data field of the column Total Weight gives information about the total amount of steel re-
quired.

4,10 Parts List by Set of Members

4.2 Parts List by Set of Members

[ &~ Il c D E [ F G H [ 1
Part Set of Members MNumber Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
Ho. Description of Sets [m] [m] [mZ] m3] [kg/m] kgl il
P Set No 2 | 1 6.00 6.00 985 0.05 6618 397.05 0397
Sum 1 6.00 9.85 0.05 0.357
A (%) (e

Figure 4.10: Window 4.2 Parts List by Set of Members

The last results window is displayed if you have selected at least one set of members for de-
sign. The table summarizes an entire structural group (for example a horizontal beam) in a
parts list.

Details on the various columns can be found in the previous chapter. If different cross-sections
are used in the set of members, the program averages the surface area, the volume, and the
cross-section weight.
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5. Results Evaluation

The design results can be evaluated in different ways. For this, the buttons in the results win-
dows are very useful which are located below the upper tables.

2.2 Design by Cross-5ection

[ EB [ 1 1] [E £ -
Section | Member | Location Load Design
No. No. x [m] Case Ratio Design According to Formula
1 IP-B 45 B1 | GOST, 1994
39 3000 LC4 0.01 | =1 100) Negligible intemal forces
31 0.000 LC1 0.06 | 1| 102) Cross-section check - Compression acc.to 7.1.1
. 2 6.000| LC4 0.01 | < 1 [106) Cross-section check - Shear force in y-ads ace. to 8.2.3
32 0.000 LC2 0.21 | =1 | 108) Crosssection check - Shear force in z-axds acc. to 8.2.3
21 6.000 LC2 0.64 =1 111) Cross-section check - Bending about y-ads acc. to 8.2.1 - Class 1
1 3.000 LC4 0.17 | = 1| 116) Cross-section check - Bending about z-=¢s acc.to 8.2.1-Class 1
21 6.000, LC2 0.56 | = 1| 139) Cross-section check - Bending about y- and/or z-axs acc. to 8.2.1
21 £.000 ] 0.55 <1 181) Cross-section check - Biaxial bending about y-axis, shear and axal force acc. to 5.1.1
Ll 0000 LC1 0.06 | =1 | 30) Stability analysis - Flexural buckling about y-ads acc.to 7.1.3 -
M 1@ (EE2] ®)
Details - Member 2 - x: 6.000 m- LC4 1-1P-B 45 B1 | GOST, 1984
Material Values - Steel C 235 (Profiles)
Cross-Section Values - IP-B 45 B11GOST, 1934
Design Intemal Forces
Slendemess check acc.to 7.3.1and 7.3.7 -
B Design Ratio T—T
Shear Force Qy 3.752 [kN
Statical Moment 5: 554015 [mm? ?y 0
Moment of Inertia Iz 15797000.0 [mm*#
Thickness of Aange te 12.0 | mm -
Yield Point Ryn 2350 | kN/em2 -1 R S — »
Safety Factar m 1025 Table 3 N ’
Design Resistance R= 13.30 | kN/em2 Table 2 50
Service Factor Te 0.500 Table 1
Design Ratio In 0.01 21 8.21(42) 1
: i -
z
[mm]

Figure 5.1: Buttons for results evaluation

These buttons have the following functions:

Button | Description Function

Turns on and off the results of the ultimate limit

Ultimate Limit State Designs .
state design

Serviceability Limit State Turns on and off the results of the serviceability
Designs limit state design

Turns on and off the colored reference scales in

Show Color Bars .
the results windows

Displays only the rows where the ratio is greater

Show R ith Ratio > 1
ow rows wi atio > than 1, and thus the design is failed

Opens the window Result Diagram on Member

Result Diagrams
— chapter 5.2, page 41

Exports the table to MS Excel / OpenOffice

Excel Export
— chapter 7.4.3, page 51

Allows you to graphically select a member to
display its results in the table

Member Selection

Jumps to the RSTAB work window to change the

View Mode .
view

= # ® | | EE e

Table 5.1: Buttons in results windows 2.1 through 2.5
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Information
|

Yo are in the view mode.

Back

)G

sam (] [1E

STEEL 5P CAl - Beams

LC1 - Self-weight
LCZ - Snow

RC1 - Extreme design val.
STEEL SP CAl - Beams

STEEL 5P CAZ - Columns

Dlubal

5.1 Results in the RSTAB Model

To evaluate the design results, you can also use the RSTAB work window.

RSTAB background graphic and view mode

The RSTAB work window in the background is useful when you want to find the position of a
particular member in the model: The member selected in the STEEL SP results window is high-
lighted in the selection color in the background graphic. Furthermore, an arrow indicates the
member's x-location that is displayed in the selected table row.

STEEL SP - [RSTAB- Bridge2]
File Edit Settings Help
CAT - Design of steel members ¢ ~ | 2.4 Design by Member
Input Data [NV N ey F |
- General Data Member| Location | Load Design
Materials Na. x [m] Case Ratio Design According to Formula
Gross-Sections 155 | Cross-section Mo. 20- W 1226 | AISC 9
gia=medatelot=allesromis 0000| LC11 0.17| £ 1 102) Cross-section check - Compression ace. to 7.1.1
- Effective Lengths - Members 0000 LC11 0.23 | £1108) Cross-section check - Shear force in z-ads acc.to 8.2.3
- Parameters - Members 0000 LCi1 0.42 | =1/ 111) Cross-section check - Bending about y-axis acc. to 8.2.1 - Class 1
Flesults. . po00| Lcn 0.38 | = 1 [139) Cross-section check - Bending about y- and/or z-axis acc. to 8.2.1
Design by Load Case 0.000| Lcn 0.46 | <1 181) Cross-section check - Biaxial bending about y-axs, shear and axial force acc.to 9.1.1
= DBS!QH by Cross-Section 0000 LC11 0.18 | £ 1301} Stabilty analysis - Aexural buckling about y-=ds acc. to 7.1.3
- DE“‘!D“ by Member 0ooo| LCcn 0.24 | <1 311) Stahility analysis - Fleseural buckling about z-2ds ace. to 7.1.3
- Design _bVX-Locaﬂun 0000 LC11 0.29 | = 1| 313) Stabilty analysis - Flesural torsional buckling ace. to 7.15
Goveming Intemal Forces by M 0000] LCn 049 | =1 324) Stabilty analysis - Bending abolt y-=ds and audal force - In plane stability check acc.to 9.2.2
Parts List by Member —
Max: 092[=1 @ = [=- Elbe <7

Figure 5.2: Indication of the member and the current Location x in the RSTAB model

If you cannot improve the display by moving the STEEL SP module window, click [Jump to
Graphic] to activate the View Mode: The program hides the module window so that you can
modify the display in the RSTAB user interface. The view mode provides the functions of the
View menu, for example zooming, moving, or rotating the display. The pointer remains visible.

Click [Back] to return to the add-on module STEEL SP.

RSTAB work window

You can also graphically check the design ratios in the RSTAB model. Click [Graphics] to exit
the design modaule. In the RSTAB work window, the design ratios are now displayed like the
internal forces of a load case.

In the Results navigator, you can specify which design ratios of the service or ultimate limit
state design you want to display graphically.

To turn the display of design results on or off, use the [Show Results] button known from the
display of internal forces in RSTAB. To display the result values, use the toolbar button [Show
Values] to the right.

As the RSTAB tables are of no relevance for the evaluation of design results, you can hide them.

The design cases can be set by means of the list in the RSTAB menu bar.

Program STEEL SP © 2013 Dlubal Software GmbH
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STEEL SP

Project Navigator - Display =
E-[¥]5 Model

- [} Results

- [ Result Values

..... [ Title Info

..... [ Max/Min Info

- [B] [ Deformation
=T

..... @ [ Two-Colored

..... O with Diagram

----- O[S Without Diagram

..... (O Cross-Sections

----- [ Result Diagrams Filled
..... [#][F Hatching

..... I Al values
----- [1[F Display Hidden Result Diagram

----- [JJFS Reverse Results V-y and V-z
----- [JJF Results on Couplings
..... [I[E Transparent S

ﬁData @Display ,ﬁ\c’iews

| »

m

Figure 5.3: Display navigator: Results — Members

tail in the RSTAB manual, chapter 3.4.6.

[—]IEE Members
-O[F Two-Colored
O with Diagram
O] | Without Diagram |
(O Cross-Sections
[1[F Result Diagrams Filled
[#][F Hatching
L[ Al Values -

4 [ | +

ﬁData @Display ,ﬁ\c’iews

Figure 5.4: Design ratios with display option Without Diagram

page 44).

o7

Dlubal

To adjust the graphical representation of the results, you can select Results — Members in the
Display navigator. The display of the design ratios is Two-Colored by default.

When you select a multicolor representation (options With/Without Diagram or Cross-Sections),
the color panel becomes available. It provides the common control functions described in de-

Panel x
0.090.07
e | Man
Tommeea M J Design Ratio [
A~ wo' 105
gy 073 1.00
011001 002 I Wy 0.0
o 054 A 0.80
0.02

0.86 — 012002 l 070
102 054 0.50
~ 0 e 1g " £ 050

o 016 — !
ol ~ s . 040
0 0.30
0.4 nar 020
Project Navigator - Display x ofs g, IJ.IB"——— 0.10
E-[¥]5 Model - e 0.00

=[] E Results / o e
oac E]---E‘E Result Values = 0 Max - 1.05
..... M Title Info 0.56 Min : 0.00
----- VI Max/Min Info ™
[]---IEE Deformation 66

022 013
WA
|

030

This graphics of the design results can be transferred to the printout report (see chapter 6.2,

To return to the STEEL SP module, click [STEEL SP] in the panel.
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5.2

You can also graphically evaluate a member's result distributions in the result diagram.

Result Diagrams

To do this, select the member (or set of members) in the STEEL SP results window by clicking in

the table row of the member. Then open the Result Diagram on Member dialog box by clicking

the button shown on the left. The button is located below the upper results table (see Figure

5.1, page 38).

The result diagrams are also available in the RSTAB graphic. To display the diagrams, click
Results — Result Diagrams for Selected Members

or use the button in the RSTAB toolbar shown on the left.

A window opens, graphically showing the distribution of the maximum design values on the
member or set of members.

&1 Result Diagram on Member = | B o)
Members No. 138 > N i B KRR = L E oF e o | AN|A |5 | STEELSPCAL -Designof * €
o0 om0 0 =0 200 2500 T000m
Riavoale R 1 L 1 . 1 . | . | L 1 . ) x| 16658 ml [ Fxed
= W] ks M3 v
& [l Uttimate Limit sta | Design (1 Design =
[¥] Cross-Section x Design
[¥] Stability Desig [m] o
- 000 034 ~
Ix 5 E] ° 2 2 018 2 a o 0333 025 |5
5 ] s S S S s & B} A 4
e ° a 3 0667 017
| T 1,000 015
133 015
1667 015 ~
[ Mae/Min Oriy (] Edges Oniy
Design - Ultimate Limit State [] Design Uttimate Limi State
x Utimate Limt State
[m] o
« 0000 034 ~
L_J__—rl————*']_—ﬁ I i i T ; 1 ; 0150 030
L P E 2 3 3 Wi 2 5 2 - 033 025 |=
g B = E) 2 3 0667 017
| 1000 015 L
138 015
1667 015 -
[T Maox/Min Orily (] Edges Orly
Ultimate Limit State - Cross-Section Design [] Uliimate Limit State Design
X ss-Section Desi
Im] o
- 000 04 ~
L_.J_——'I——’—*J_—_ T T T T T #\LA\*L\J 0150 030
© © B B 015 2 = ! =
& & 3 3 s 4 5 5 8 r 4 0333 025 |
a e e Z 3 0667 017
1000 015
138 015
1667 015 ~
] Max/Min Grly [ Edges Orly
Ultimate Limit State - Stability Design [1 Uhimate Limit State Design
x Siabiity Design
[m] 5]
- 00w 033 ~
T T z ] % o T : ; 0150 028 [
& g b < e 5 & o - 0333 024 |=
2 S B a g 0667 016
« i v T s
| ¢ le— | | T 1000 008
Results 4 F . 4 non ki
Location x 1.665 m Beginning X,Y,Z: 18.0,00,00 m End XY,Z: 15.0,00,00m Order: 138

Figure 5.5: Dialog box Result Diagram on Member

Use the list in the toolbar above to choose the relevant STEEL SP design case.

The Result Diagram on Member dialog box is described in the RSTAB manual, chapter 9.5.
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5.3  Filter for Results

The STEEL SP results windows allow you to sort the results by various criteria. In addition, you
can use the filter options described in chapter 9.7 of the RSTAB manual to evaluate the design
results graphically.

You can use the Visibility options also for STEEL SP (see RSTAB manual, chapter 9.7.1) to filter
the members in order to evaluate them.

Filtering designs
The design ratios can easily be used as filter criteria in the RSTAB work window which you can
access by clicking [Graphics]. To apply this filter function, the panel must be displayed. If it is
not shown, click

View — Control Panel (Color Scale, Factors, Filter)

or use the toolbar button shown on the left.

The panel is described in the RSTAB manual, chapter 3.4.6. The filter settings for the results
must be defined in the first panel tab (Color spectrum). As this register is not available for the
two-colored results display, you have to use the Display navigator and set the display options
Colored With/Without Diagram or Cross-Sections first.

085

054 102

Panel
I an
0§ Dresign Ratio []
1.05
1.00
Project Mavigator - Display x g:;
2[5 Model i 085
- Results 0.0
[]---EE Result Values 075
----- [ Title Info 0.70
----- VI Max/Min Info L 0.65
[]---DE Deformation D60
[—]DE Members 0.55
O Two-Colored 0.50
@ [ with Diagram
O without Diagram Max : 1.05
OE Cross-Sections Min : 0.00
[#][F Result Diagrams Filled
I Hatching STEEL 5P
I Al values
[ Display Hidden Result Diagram -
ﬁData €Display ,ZjViews
i
BEax 4

Figure 5.6: Filtering design ratios with adjusted color spectrum

As the figure above shows, the color spectrum can be set in such a way that only ratios higher
than 0.50 are shown in a color range between blue and red.

If you select the Display Hidden Result Diagram option in the Display navigator (Results — Mem-
bers), you can display all stress ratio diagrams that are not covered by the color spectrum.
Those diagrams are represented by dotted lines.
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Filtering members
In the Filter tab of the control panel, you can specify the numbers of particular members to
display their results exclusively, that is, filtered. This function is described in detail in the RSTAB

manual, chapter 9.7.3.

|II
Panel x |
Shaow diagrams for "“‘-—-_______- I'
i
i

| members Na:
!

21-28

P
_-_-_-_-_-_-_—-_'_'—-—-—
7“—-—__

Project Mavigator - Display x
E-[¥]5 Model -
BEE Results
-[] E Result Values
----- [ Title Info
]

----- M Max/Min Info
- [H [ Deformation
- [E [ Members

OE Two-Colored

O [F] With Diagram
OE Without Diagram

@E Cross-Sections
-1 Result Diagrams Filled

-[#][ Hatching

1
Display ,ZiViews

4
ﬁData @

Figure 5.7: Memboer filter for the stress ratios of a hall frame
Unlike the partial view function (Visibilities), the graphic displays the entire model. The figure
above shows the design ratios of a hall frame. The remaining members are displayed in the

model but are shown without design ratios.
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6. Printout

6.1  Printout Report

Similar to RSTAB, the program generates a printout report for the STEEL SP results, to which
graphics and descriptions can be added. The selection in the printout report determines what
data from the design module will be included in the printout.

The printout report is described in the RSTAB manual. In particular, chapter 10.1.3.4 Selecting
Data of Add-on Modules describes how to select input and output data of add-on modules for
the printout.

For complex structural systems with many design cases, it is recommended to split the data
into several printout reports, thus allowing for a clearly-arranged printout.

6.2  STEEL SP Graphic Printout

In RSTAB, you can add every picture that is displayed in the work window to the printout re-
port or send it directly to a printer. In this way, you can prepare the design ratios displayed on
the RSTAB model for the printout, too.

The printing of graphics is described in the RSTAB manual, chapter 10.2.

Designs in the RSTAB model
To print the currently displayed graphic of the design ratios, click
File — Print Graphic

or use the toolbar button shown on the left.

JE| RSTAB 8.00 (64bit) - [Hall*]

E File Edit View Insert Calculate Results Tools
DﬁQQ;@W@::;BQ@@
b A D PR At crpnic B | - | F

Figure 6.1: Button Print Graphic in RSTAB toolbar

Result Diagrams

You can also transfer the Result Diagram on Member to the report by using the [Print] button. It
is also possible to print it directly.

&= Result Diagram on Member

Members Mo, 181 - > N -] il B2
i 0.000 0.500]
Havigator o e i S [T

ate Limit Sta| | Design [-]

Figure 6.2: Button Print Graphic in the dialog box Result Diagram on Member

The dialog box Graphic Printout opens (see figure on next page).
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Remove from Printout Report

Start with New Page

Selection...

Properties... L\\)

.
Graphic Printout @
General | Options
Graphic Picture Window To Print Graphic Size
() Directly to a printer... (@ Cument only @ As screen view
@ To a printout report: - More.... () Window filling
() To the Clipboard Mass prirt... Toscale 1: 100
Graphic Picture Size and Rotation Options
Use whole page width [ Show results for selected xdocation in resuft
diagram
(2 Use whole page height [ Lock graphic picture (without update)
(@ Height: 1005 [% of page]
Show printout report on [OK]
[
Header of Graphic Picture
Result diagrams in Member - M181
oK | [ Ccancel

L

Figure 6.3: Dialog box Graphic Printout, tab General

VAN

Dlubal

This dialog box is described in the RSTAB manual, chapter 10.2. The RSTAB manual also

describes the Options and Color Spectrum tab.

You can move a graphic anywhere within the printout report by using the drag-and-drop

function.

To adjust a graphic subsequently in the printout report, right-click the relevant entry in the
navigator of the printout report. The option Properties in the context menu opens the dialog
box Graphic Printout, offering various options for adjustment.

.
Graphic Printout @
General | Options
Script Symbols Frame
() Proportional @ Proportional () None
(@ Constant () Constant @ Framed
Factor: 1= Factor: 1= [ Title bax...
Print Quality Color
(@) Standard (max 1000 x 1000 Pixels) () Grayscale
() Maodmum {max 5000 x 5000 Pixels) () Texts and lines in black:
() User-defined @ All colored
100
oK | [ Ccancel

L

Figure 6.4: Dialog box Graphic Printout, tab Options

Program STEEL SP © 2013 Dlubal Software GmbH
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7. General Functions

This chapter describes useful menu functions as well as export options for the designs.

7.1 Design Cases

Design cases allow you to group members for the design: In this way, you can combine groups
of structural components or analyze members with particular design specifications (for exam-
ple changed materials, partial safety factors, optimization).

It is no problem to analyze the same member or set of members in different design cases.

STEEL 5P CA1 - Beams - To calculate a STEEL SP design case, you can also use the load case list in the RSTAB toolbar.

LC1 - Seffweight L\\?
LC2 - Snow

RC1 - Bxtreme design val. Create New Design Case

STEEL 5P CA2 - Columns To create a new design case, use the STEEL SP menu and click

File — New Case.

The following dialog box appears:

New STEEL SP Case )
No. Description
2 Design of steel members according to 5P -
@ ok | [ cancel

Figure 7.1: Dialog box New STEEL SP Case
In this dialog box, enter a No. (one that is still available) for the new design case. The corre-
sponding Description will make the selection in the load case list easier.

Click [OK] to open the STEEL SP window 1.1 General Data where you can enter the design data.

Rename a Design Case
To change the description of a design case, use the STEEL SP menu and click

File - Rename Case.

The following dialog box appears:

Rename STEEL SP Case X
No. Description
1 New Description -
@ oK | [ Cancel

Figure 7.2: Dialog box Rename STEEL SP Case

In this dialog box, you can define a different Description as well as a different No. for the design
case.
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Copy a Design Case
To copy the input data of the current design case, use the STEEL SP menu and click

File —> Copy Case.
The following dialog box appears:

Copy STEEL SP Case =5

Copy from Caze

CAT - Design of steel members according to SP v]

New Case
Mo.: Description:

2 Design of Bottom Flange] -

[ ok ][ concel

" o

Figure 7.3: Dialog box Copy STEEL SP Case

Define the No. and, if necessary, a Description for the new case.

Delete a Design Case
To delete design cases, use the STEEL SP menu and click

File — Delete Case.

The following dialog box appears:

Delete Cases @

Available Cases
=

No. Description -
1 Design of steel members according to SP
2 Design of Bottom Flange

[ ok ][ cancel

L i

Figure 7.4: Dialog box Delete Cases

The design case can be selected in the list Available Cases. To delete the selected case,
click [OK].
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7.2  Cross-Section Optimization

The design module offers you the option to optimize overloaded or little utilized cross-sections.
To do this, select in column D or E of the relevant cross-sections in the 1.3 Cross-Sections win-
dow whether to determine the cross-section From the current row or the user-defined Favorites
(see Figure 2.8, page 14). You can also start the cross-section optimization in the results win-
dows by using the context menu

2.2 Design by Cross-Section

[ A D [E] F
Section | Member | Location Load Diesign

No. No. x [m] Case Ratio Design According to Formula
153 0000 LC1 053 | =1 | 108) Cross-section check - Shear force in z-axis acc. to 8.2.3
153 0.000| LCH 0.52 | £1 | 111) Cross-section check - Bending about y-axis acc. to 8.2.1-Class 1
153 S o3 e 11900 Cragg-section check - Bending about y- and/or z-axds acc. to 8.2.1
153 Go to Cross-Section Doubleclick  |psz-section check - Biadal bending about y-ads, shear and axial force ace. to 9.1.1
17 Info About Cross-Section... tability analysis - Flexural buckling about y-ads acc. to 7.1.3
171 - bility analysis - Flexural buckling about z-axis acc. to 7.1.3
147 | Optimize Cross-Section ftability analysis - Flexuraltorsional buckling acc. to 7.1.5
138 Cross-Section Optimization Parameters... tability analysis - Lateral torsional buckling according to 8.4.1
153 AL LU TIZT=T =y stability analysis - Bending about y-axis and axial force - In plane stabilty check acc. to
153 0000 LC11 0.67 | =1 | 326) Stability analysis - Bending about y-axis and axal force - Out-of plane stability check ac

M 0%2[<1® & 2

Figure 7.5: Context menu for cross-section optimization

During the optimization process, the module determines the cross-section that fulfills the anal-
ysis requirements in the most optimal way, that is, comes as close as possible to the maximum
allowable design ratio specified in the Details dialog box (see Figure 3.1, page 25). The required
cross-section properties are determined with the internal forces from RSTAB. If another cross-
section proves to be more favorable, this cross-section is used for the design. Then, the graphic
in window 1.3 shows two cross-sections: the original cross-section from RSTAB and the opti-
mized one (see Figure 7.7).

For a parameterized cross-section, the following dialog box appears when you select 'Yes' from
the drop-down list.

Welded Cross-Sections - [ symmetric : Optimize &J
Cross-Section Optimization Parameters |/\\)
Current irirnurn b axirnum Increment b
B 42| amaafe 20712 trom] | .
133313 P = 7| [mm] ,_,‘I* 7 ¥
5.85 =+ = = | [mm] | 7 aNE
B4l e e ] o Z
0.0 = = =+ [mn]
¥ =
o es
a
1
A= e2za 1
[C] Keep current side propations IS 208 766/132.35/5.842/8.382/0

Figure 7.6: Dialog box Welded Cross-Sections - | symmetric : Optimize

By selecting the check boxes in the Optimize column, you decide which parameter(s) you want
to modify. This enables the Minimum and Maximum columns, where you can specify the upper
and lower limits of the parameter. The Increment column determines the interval in which the
size of the parameter varies during the optimization process.
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If you want to Keep current side proportions, select the corresponding check box. In addition,
you have to select at least two parameters for optimization.

Cross-sections based on combined rolled cross-sections cannot be optimized.

Please note that the internal forces are not automatically recalculated with the changed cross-
sections during the optimization: It is up to you to decide which cross-sections should be
transferred to RSTAB for recalculation. As a result of optimized cross-sections, internal forces
may vary significantly because of the changed stiffnesses in the structural system. Therefore, it
is recommended to recalculate the internal forces of the modified cross-section data after the
first optimization, and then to optimize the cross-sections once again.

You can export the modified cross-sections to RSTAB: Go to the 1.3 Cross-Sections window, and
then click

Edit — Export All Cross-Sections to RSTAB.

Alternatively, you can use the context menu in window 1.3 to export optimized cross-sections
to RSTAB.

1.3 Cross-Sections

[_A | —— c [ D [ E | F 9. IP-B 25 B2 | GOST, 1994
Section | Material Cross-Section Cross-Section Type Opti- STEEL SP
No. Mo Description for Classffication mize Remark Comment
1 1 T IPB55B11GOST. 1994 l-section rolled Ne | 0 .
Z 1 T IP-B40B11GOST, 1334 |section rolled No ¥
3 1 I T IF40B11GOST 26020-83 |-section rolled No
6 1 [T IPK20K2|GOST, 1884 l-section rolled No i
7 1 [T IPK20K2|GOST. 1334 I-section rolled No .
[ 9 S Wiie-6 25 82| GOST. 1954 I B 5 ~
10 i T HP 20054 | CAN/CSA-S16-01 Info About Cross-Section... 9-IP-B 35 B2 | GOST, 1994
12 1 |Mlm QRO 7045 GOST 3024503 Cross-Section Library... LD
13 1 [ Cicle 24
15 1 T IP-K 25 K2 | GOST, 1994 Edit List 'Design of Members'in Tablel1 + (| .
::g :II =E IP-8 25 81| GOST. 1354 QOptimize Cross-Section )
18 1 BT Cross-5ection Optimization Parameters... #
1) The cross-section in RSTAB is Export Cross-Section to RSTAB ‘ )
Export All Cross-Sections to RSTAB
Import Cross-Section from RSTAB
Cross-Section Values - IP-B 25 B2 | GOST, 1994 Cross-section No. § used in
. Import All Cross-5ections from RSTAB
¢ "Cross Saction Type *| Members No.:
Section Height h 250.0 | mm
Section Width b 125.0 | mm SIS
Web Thickness tw 6.0 | mm
Fange Thickness te 5.0 [ mm Sets of members No.
Root Radius r 12.0 | mm
Area of Cross-Section A 3766.0 | mm< L
Shear Area Ay 2250.0 | mmZ 8411 B . .
Shear Area Awz 15000 | mm2 54) B lopi BlEEs
Momert of Inertia Iy 40520000.0 | mm* 50.00 m] 1478 R
Moment of Inertia Iz 2938000.0 | mm+
Torsional Constant It 77454.0 | mm* Material
Radius of Gyration ry 103.7 | mm 1 - Steel C 255 (Profiles)
Radius of Gyration rz 27.9 | mm
Elastic Section Modulus Wy, min 3242000 | mm?
Elastic Section Modulus W zn,min 47000.0 | mm?
Plastic Section Modulus Loy 365800.0 | mm? -

Figure 7.7: Context menu in window 1.3 Cross-Sections

Before the modified cross-sections are transferred to RSTAB, a security query appears as to
whether the results of RSTAB should be deleted.

r '
STEEL SP
I  Information No. 20050

Do you want to transfer the changed crosssections to RSTAB?

¥ s0. the results of RSTAB and STEEL 5P wil be deleted.

W J

Figure 7.8: Query before transfer of modified cross-sections to RSTAB

By confirming the query and then starting the [Calculation] in the STEEL SP module, the RSTAB
internal forces as well as the designs will be determined in one single calculation run.
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If the modified cross-sections have not been exported to RSTAB yet, you can import the origi-
nal cross-sections in the design module by using the options shown in Figure 7.7. Please note
that this option is only available in window 1.3 Cross-sections.

If you optimize a tapered member, the program modifies the member start and end. Then it
linearly interpolates the second moments of area for the intermediate locations. As these mo-
ments are considered with the fourth power, the designs may be inaccurate if the depths of
the start and end cross-section differ considerably. In such a case, it is recommended to divide
the taper into several members, thus manually modeling the taper layout.

7.3  Units and Decimal Places

Units and decimal places for RSTAB and the add-on modules are managed in one dialog box.
In STEEL SP, you can use the menu to define the units. To open the corresponding dialog box,
click

Settings — Units and Decimal Places.

The program opens the following dialog box that you already know from RSTAB. STEEL SP will
be preset in the list Program/Module.

Units and Decimal Places &J
Program / Module STEEL 5P

- RSTAB - -
. STEEL Output Data Parts List

.. STEEL EC3 Unit Dec. places Unit Dec. places

- STEEL AISC Stresses: kN/em™2 - 25 Lengths: 2k

- STEEL IS
.. STEEL SIA Design ratios: = 25 Total lengths:
- STEEL BS
- STEEL GB
.. STEELCS Wolumes:
- STEEL AS

- STEEL NTC-DF
W STEEL SP Weight: q
- STEEL Plastic Member Total weight:
- STEEL NBR

- STEEL SANS

- ALUMINIUM

. KAPPA

- LTE

- FE-LTB

. EL-PL

- CTOT

- PLATE-BUCKLING

- CONCRETE

- CONCRETE Columns

- TIMBER Pro

- TIMBER AWC

- TIMBER CSA

- TIMBER

- COMPOSITE-BEAM ™

@ & B3E @ oK

Dimensionless: - 3% Surface areas:

m

Weight per length: kg/m -

Wl MR R R R
B R N aRE S

z B (B
e [
1 4|1

[ Cancel

Dialog box Units and Decimal Places

You can save the settings as user profile to reuse them in other models. These functions are
described in the RSTAB manual, chapter 11.1.3.
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7.4  Data Transfer
7.4.1 Export Material to RSTAB

If you have adjusted the materials in STEEL SP for design, you can export the modified materi-
als to RSTAB in a similar manner as you export members and cross-sections: Open window 1.2
Materials, and then click

Edit — Export All Materials to RSTAB.

You can also export the modified materials to RSTAB by using the context menu of window 1.2.

Material Library...

| Export Material to RSTAB [

Export All Materials to RSTAB

Import Material from RSTAB
Import All Materials from RSTAB

Figure 7.9: Context menu of window 1.2 Materials

Before the modified materials are transferred to RSTAB, a security query appears as to whether
the results of RSTAB should be deleted. When you have confirmed the query and then start the
[Calculation] in STEEL SP, the RSTAB internal forces and designs are determined in one single
calculation run.

If the modified materials have not been exported to RSTAB yet, you can transfer the original
materials to the design module, using the options shown in Figure 7.9. Please note, however,
that this option is only available in window 1.2 Materials.

7.4.2 Export Effective Lengths to RSTAB

If you have adjusted the materials in STEEL SP for design, you can export the modified materials
to RSTAB in a similar manner as you export cross-sections: Open window 1.5 Effective Lengths -
Members, and then click

Edit — Export All Effective Lengths to RSTAB.

or use the corresponding option on the context menu of window 1.5.

Export Effective Length to RSTAB
| Export All Effective Lengths to RSTAB M

Import Effective Length from RSTAB
Import All Effective Lengths from RSTAB

Figure 7.10: Context menu of window 1.5 Effective Lengths - Members

Before the modified materials are transferred to RSTAB, a security query appears as to whether
the results of RSTAB should be deleted.

If the modified effective lengths have not been exported to RSTAB yet, you can retransfer the
original effective lengths to the design module, using the options shown in Figure 7.10. Please
note, however, that this option is only available in window 1.5 Effective Lengths - Members and
1.6 Effective Lengths - Sets of Members.

7.4.3 Export Results

The STEEL SP results can also be used by other programs.

Clipboard

To copy cells selected in the results windows to the Clipboard, press the keys [Ctrl]+[C]. To in-
sert the cells, for example in a word-processing program, press [Ctrl]+[V]. The headers of the
table columns will not be transferred.

Dlubal
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Printout report

You can print the data of the STEEL SP add-on module into the global printout report (see
chapter 6.1, page 44) for export. Then, in the printout report, click

File —> Export to RTF.
The function is described in the RSTAB manual, 10.1.11.

Excel / OpenOffice

STEEL SP provides a function for the direct data export to MS Excel, OpenOffice.org Calc or the
file format CSV. To open the corresponding dialog box, click

File > Export Tables.

The following export dialog box appears

Export - MS Excel ﬁ

Table Parameters Application
With table header @ Microsoft Excel
[ Only marked rows OpenDffice.org Calc

() CSY file format

Transfer Parameters
Export table to active workbook

[ Export table to active workshest
Fiewrite existing workshest

Selected Tables
@ Active table [ Expart tables with details
() Alltables

Input tables

Result tables

[ ()8 J [ Cancel

L% 4

Figure 7.11: Dialog box Export - MS Excel

When you have selected the relevant parameters, you can start the export by clicking [OK].
Excel or OpenOffice will be started automatically, that is, the programs do not have to be
opened first.

A B C D F G
_ 1 |Section | Member | Location Load Design
2 No. No. x [m] Case Ratio Design According to Formula
3 1 IP-B 55 B1| GOST, 1954
4 39 3,000 LCc4a 0,00(£1 |100) Megligible internal forces
5 21 0,000 LC2Z 0,02|=1 |102) Cross-section check - Compression acc. to 7.1.1
[ 2 6,000 LC4 0,01|=1 |106) Cross-section check - Shear force in y-axis acc. 1o 82.3
7 32 0,000 LC2 0,14|=1 |108) Cross-section check - Shear force in z-axis acc. to 8.2.3
8 21 6,000 LC2 0,381 [111) Cross-section check - Bending about y-axis acc. to 8.2.1 - Class 1
9 1 3,000 LC4 0,12|=1 |118) Cross-section check - Bending about z-axis acc. to 8.2.1 - Class 1
10 21 6,000 Lcz 0,34[£1 |139) Cross-section check - Bending about y- and/or z-axie acc. to 8.2.1
11 21 8,000 LC2Z 0,351 [181) Cross-section check - Biaxial bending about y-axig, shear and axial force acc. t09.1.1
12 21 0,000 LCZ 0,02|=1 |301}) Stabilty analysis - Flexural buckling about y-axis acc. to 7.1.3
13 21 0,000 LC2 0,052 1 |311) Stability analysis - Flexural buckling about z-axis acc. to 7.1.3
14 21 6,000 LC2 0,451 |313) Stability analysis - Flexural-torsional buckling acc. to 7.1.5
15 1 6,000 Lcz 0,30(=1 |322) Stability analysis - Lateral tersional buckling according to 8.4.1
16 21 6,000 Lcz 0,38[<1 |324) Stability analysis - Bending about y-axis and axial force - In plane stabilty check acc. to 8.2.2
21 1,000 LC2Z 0,54|=1 |326) Stability analysis - Bending about y-axis and axial force - Out-of plane stabilty check acc. to 9.2.4

45 0,000 LC4 0,01|£1 [100) Negligible internal forces

26 0,000 LC4 0,011 |101} Cross-section check - Tensien acc. to 7.1.1

41 0,000 Lcz 0,06(<1 |102) Cross-section check - Compression acc. to 7.1.1

23 0,000 LCZ 0,15/= 1 |108) Cross-section check - Shear force in z-axis acc. 1o 8.2.3

23 0,000 LC2 0,992 1 [111) Cross-section check - Bending about y-axis acc. to 8.2.1 - Class 1

23 0,000 LC2 0,85/ 1 |139) Cross-section check - Bending about y- and/or z-axis acc. to 8.2.1

i
19 2 |IP-B 40 B1| GOST, 1994
20
pal
22
23
24
25
26

23 0,000 Lcz 0,39|51 181} Cross-section check - Biaxial bending about y-axis, shear and axial force acc. to 9.1.1

Figure 7.12: Results in Excel
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8. Example

Column with Biaxial Bending

In this example, the stability design of buckling and lateral buckling is carried out by analyzing the
relevant interaction conditions according to [1].

Design values

System and loads

) i

2m
> Design values of static loads:
N v — 4m P =300kN

/ w =5.0kN/m
V =75kN
2m

Cross-section: IP 30 S1

" A Material: C 275

IP 30 S1 T!—»z

y

Figure 8.1: System and design loads (y-fold)

Internal forces according to linear static analysis

-10.00 kN

-300.00 kN

10.00 kNm

7.50 kNm

3.75kN

10.00 kN
N My M. Q Q.

Figure 8.2: Internal Forces
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Design location (decisive location x)

The design is performed for all locations x (see chapter 4.5) of the member. The following
internal forces act in the decisive location at x = 2.00 m:

N=-300.00kN M, =10.00kNm M,=750kNm Qy=3.75kN  Q,=0.00kN

Cross-section properties IP 30 S1

Property Symbol Value Unit
Area of cross-section Aq 68.31 | cm?
Moment of inertia ly 10400.00 [cm*
Moment of inertia I, 1040.00 | cm*
Radius of inertia ry 12.34|cm
Radius of inertia re 464 cm
Cross-section weight G 53.60 | kg/m
Moment of torsional rigidity J 2234 | cm*
Warping moment of inertia Cw 287500.00 | cm®
Elastic cross-section modulus Wyn,min 715.00 | cm?
Elastic cross-section modulus Whz,min 147.00 | cm?

Material properties C 275

Property Symbol Value Unit
Characteristic strength Ryn 27.50 | kN/cm?
Partial safety factor Ym 1.025]-
Design strength Ry 26.83 | kN/cm?
Modulus of elasticity E 21000.00 | kN/cm?

Slenderness check of cross-section - Tables 9 and 10

Compression according to 7.3
Flange - Table 10

Slenderness

he = (bes /te Ry /E

Ry = 26.83 kN/cm?
E =21000 kN/cm?

bef /tf =7.8/1.1=7.091

ht =(bef /t¢ Ry /E =7.091/26.83/210000 =0.253

Limit slenderness ratio

Auf =0.36+0.101

X:x/Ry/E

A= max(ky,kz)

do=max(ler /iy ler , /i, )=max(400/12.34,400/ 4.64) = max(32.42,86.22) = 86.22
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Ry = 26.83 kN/cm?

E =21000 kN/cm?

1 =86.224/26.83/210000 =3.082

Luf =0.36+0.10% =0.36+0.1-3.082 = 0.668

Af < Xuf - Stiffeners are not necessary

Web -Table9

Slenderness
how = (heg 7t Ry /E
Ry = 26.83 kN/cm?

E = 21000 kN/cm?
hef /tyy =23.3/0.8=29.12

hw = (hef /tw Ry /E =29.124/26.83/210000 =1.041
Limit slenderness ratio

2 =86.224/26.83/210000 = 3.082

for & >2.0

Auw =1.20+0.35%

Aw =1.20+0.351 =1.20+0.35-3.082 = 2.60

Aw <Auw - Reduction of cross-section area is not necessary

Cross section check
Shear and bending according to 8.2
Design Formula (44):

0.87
Ryvc

\/Gf, —Cy0, +G§ +3T)2/z <1.0

This formula is applied to the stresses due to bending and shear that exist at the most exposed
stress point no. 1 of the cross-section (see figure to the left).

L\/mz ~14-51+512 40 <1.0

26.83-0.95

98 595410

26.83-0.95

0.20<1.0 h

Design Formula (44):

Tyz
Rsvc

<1.0

This part of the formula is applied to the shear stresses that exist at stress point no. 3.

0.13
15.56-0.95

0.01<1.0 -0K

Program STEEL SP © 2013 Dlubal Software GmbH

55



.8 Example 4&

Dlubal

Biaxial bending and compressive force according to 9.1.1

Design Formula (105):

n
M M
N + Y + z <1.0
AnRy7c CyWynminRyYc ¢zWznminRyYc

Ag/A, =20-1.1/26.9-8=1.02

We linearly interpolate the values in Table F.1 to determine these coefficients:
¢, =1.069, ¢;=147, n=15

Service factor for columns: y. = 0.95

300 1 1000 750
+ + <1.0
68.31-26.83-0.95 1.069-715-26.83-0.95 ) | 1.47-147-26.83-0.95
(0.17)' +0.05+0.14 <1.0

0.26<1.0 - 0K

Stability check
Biaxial bending and compressive force according to 9.2

Design Formula (116):
N/(peyzARy 7 )< 1.0
Design Formula (117):
Peyz = Pez (0.63 c+04c )

For the linear interpolation of ¢ according to Table E.3, the values of the relative eccentricity
mMetz and of the flexibility Az are required.

Az =hg Ry /E
Lz =86.22+/26.83/210000 =3.082

Mgt =MMy
where m,  eccentricity ratio
n coefficient of cross-section shape acc. to Table E.2

m, =e,A/W,

W, is the sectional modulus computed for the most compressed fiber.
e, =M /N

e, =750/300=2.5cm

m, =2.5-68.31/147=1.16

For XZ =3.082, m, =1.16 and Af /A, =1.022, the shape coefficient n according to Table E.2
can be determined as follows:

n=(1.90-0.1-m,) - 0.02(6 —m,) - 1.,
n=(1.90-0.1-1.16)— 0.02(6 - 1.16) - 3.082 = 1.485

Mef, =1485-1.16=1.723
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Formgs , =1.723 and Lz =3.082, the value of @ can be linearly interpolated according to
Table E.3:

(Pez =0.337

The coefficient c is to be calculated according to Formulas (112), (113) or (114).
my =eyA/Wcy

ey =My /N

ey =1000/300

ey =3.33cm

m, =3.33-68.31/715=0.318

For the eccentricity ratio my < 5,Formula (112) is to be applied to determine the coefficient c.

c=p/fi+am, )<1.0
The coefficients o and [ are taken from Table 21.

c=1.0/(1+0.7-0318)<1.0
c=0.818

We can now apply the coefficient cin Formula (117):

Peyz = Pez (0-6% +04%c )

0oy, =0.337(0.63/0.818 +04%0818 )=0318

Finally we get from Formula (118):
N/(peyzARy 7 )< 1.0
300/(0.318-68.31-26.83-0.95)< 1.0

0.542<1.0 - 0K

' 8 Example _I_/ AN
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[1] Code of Rules for Steel Structures SP 16.13330.2011, Revised version SNIP [-23-81%,
Moscow 2011

[2] Rules for Member Stability in EN 1993-1-1, ECCS Technical Committee 8 - Stability
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B Filter 42
Background graphic 39 Filtering members 43
Beam type 23 G
Buckling 20 General Data 8
Buckling about axis 21 Graphic 39
Buttons 38 Graphic printout 44
C H
Calculation 25 Hidden result diagram 42
Cantilever 18,23 |
Clipboard 51 Info about cross-section 16
Color spectrum 42 Installation 5
Colored design 42 Intermediate Lateral ReStraints...........ucunee. 18
Column buckling 18,19 Intermediate restraints 18
Control panel 42 Internal forces 33,49
Coordinate system 14 K
Cross-section 14,48 K factor 20
Cross-section class 26 L
Cross-section design 30

Lateral restraint 18
Cross-section library 14

Lateral torsional buckling .....cc.oeeeeeveeceeneccenenens 18, 21
Cross-section optimization ............ecvecrserenseesecenes 48

Length 19,36
Cross-section type 15

List of members 23
Cross-sectional area 24

Load application 26
D

Load case 9,11,33
Decimal places 12,50 Load combination 9
Deflection 25 Location x 29
Deformation analysis 23 M
Design 9,15, 28,2930

Material 51
Design case 39,46, 47

Material description 12
Design situation 30

Material library 13
Details 25

Material properties 12
Display navigator 40,42

Materials 12
E

Members 9
Effective length 19,22, 51 N
Effective slenderness 25

Navigator 8
Excel 52

. (0]

Exit STEEL SP 8

OpenOffice 52
Export 51

Optimization 15, 26, 48, 49
Export cross-section 49 ptimizati
Export effective length 51 P
Export material 51 Panel 7,40,42
F Parameterized cross-section...........eeesresssrenseens 48
Favorites 48 Parameters 24
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Part 36 Slenderness 35
Partial safety factors 26 Spacial cases 26
Parts list 36,37 Stability analysis 26
Plastic design 26 Stainless steel 13
Precamber 23 Start calculation 27
Print 44 Start program 6
Printout report 44,45 Start STEEL SP 6
R Stress point 17
Reference length 11 Sum 37
Reference scales 38 Surface area 36
Relatively 18 T
Remark 16 Tapered member 16, 30, 50
Rendering 42 Torsional support 18
Result combination 9,10 Transverse load 26
Result diagram 41,44 U
Results evaluation 38 Ultimate limit state 9,38
Results representation 40 Undeformed system 25
Results values 39 Units 12,50
Results window 28 User profile 50
RSBUCK 20 Y,
RSTAB graphic 44 View mode 38,39
RSTAB work window 39 Visibilities )
S Volume 36
Selecting windows 8 w
Service factor 24 Weight 37
Serviceability 25 Windows 3
Serviceability limit state 11,23, 25,38 X
Set of members........ccoucnnnnnns 9,22,23,31,34,37

x-location 33

Shifted member ends

25
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