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Chapter 1

Introduction to connections

Module Connections of SCIA Engineer has been made to design frame connections of steel structures.

While a connection is being entered in the graphical windows of SCIA Engineer, each element of the connection is drawn
(connected members, endplates, stiffeners, bolts, etc.). In addition, the program checks detailing requirements laid in the
code. What's more, the allowable forces on the connection are calculated and they must be compared with the actual forces
acting in the connection. The program also lists the parts that determine the resistance of the connection, thus enabling the
user to take appropriate actions.

After design and calculation, the program can generate overview drawings and detail drawings of the connection and the
connection elements. A report about the calculation can be printed.

The programisbased on EN 1993-1-8.

The algorithms and methods described in these references are used to calculate the limit states of the connection. The capa-
cities of the underlying steel parts are calculated by the formulas given in the respective national codes (EC3, DIN18800 T'1
or BS5950-1:2000), depending on the national code setup. For other codes the design of steel connections is not available.

An overview of the used formulas for the specified steel parts is given 'Connect Frame Theoretical Background', Chapter
'Connection analysis according to DIN18800 and BS 5950-1'.



Connection types

Connection types

Introduction to connection types

The program calculates pinned and rigid connections (connections which transfer bending moment) . Rigid connections are
often not completely rigid, but allow a certain deformation. The stiffness of this connection is calculated by the program.
When the stiffness is low, it has to be taken into account in the calculation model to determine the internal forces in the struc-
ture.

The description of connection types that can be analysed in the program is given in chapters:

« Analysistypes
o Geometrictypes

Analysis types

Frame bolted and welded connections
For the calculation of (semi)-rigid connections, the following characteristics of connection are introduced in Eurocode 3:
» Moment Resistance
« Rotational Stiffness

This design method allows us to determine a "Moment-rotation characteristic", which in turn allows us to represent the real
connection by a rotational spring connection defined in the centre lines of column and connected beam in the point of their
intersection (approximation to the real behaviour of the connection).

By using this method, the design of non-stiffened connections can be considered, which results in a reduction of the total
cost of structural steelwork.

The principles for the design of these semi-rigid connections are satisfied when the detailed application rules given in the
revised Annex J of Eurocode 3, Ref. [1] are followed. For the design of column bases, the application rules given in Annex L
of Eurocode 3, Ref. [5] are followed.

The following types of connections are supported :

o Beam-to-column connections : Bolted endplate + welded connections (knee, T, cross - with continuous beam or con-
tinuous column)

« Beam-to-beam connections : Endplate type beam splice (plate-to-plate connection).
« Column bases : Bolted base plate connection.

The types "beam-to-beam" and "column bases" are limited to symmetric and asymmetric | beams (including the elements
with variable height) and RHS sections, both for major-axis bending configurations.

For the type " beam-to-column”, the beam element is limited to symmetric and asymmetric | beams (including the elements
with variable height) and RHS sections, both for major-axis bending configuration ; the column element is limited to sym-
metric | beams (including elements with variable height) in major-axis configuration, and to symmetric | beams in minor-axis
bending configuration.

The following types of stiffeners are supported :

Beam-to-column connection:
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« Haunches: Welded from plate or made from a profile

o Webdoublers: Supplementary web plates

« Backing plates : On the flanges

« Stiffeners: Triangular +rectangular, positioned in beam or column
Column base connection:

« Haunches: Welded from plate or made from a profile

« Stiffeners: Triangular +rectangular positioned in column at haunches
« Flange wideners

o Sheariron

¢ Note: The frame connection can be defined between two beams (e.g. column and beam)

that must be perpendicular to each other in the "direction of connection". This on-the-spot-
invented phrase will be best explained on a simple example.

Let usassume a column and a beam made of vertically oriented I-section.

In the side view, the two members are not perpendicular.

:%

In the plan view, however, they ARE perpendicular to each other. And this is the "direction of connection”.

L

Therefore, the connection can be defined here.

-10-



Connection types

Onthe other hand, let us assume another column and a beam made of the same vertically oriented I-section. At first sight (in
axonometric view) everything seems to be the same.

In the side view, the two members are perpendicular.

In the plan view, however, they are NOT perpendicular to each other. And this is the "direction of connection".

> .

g
Therefore, the connection cannot be defined here.

The same can be said for curved beams. If the curvature of the beam does not break the condition of perpendicularity in the
"direction of connection", the connection can be defined, see e.g. the picture below.

-11-
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Strong axis versus weak axis

Strong axis connection
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Weak axis connection

Frame pinned connections

Frame pinned connections are connections that do not transfer any moment. This is caused by the gap between the beam
flange and the column flange.

The following type of connections are supported:
o Beam-to-column connections (knee, T, cross).

The beam element is limited to |-section and RHS section, both for major-axis bending configuration. The column element is
limited to |-section in major-axis and minor-axis bending configuration.

The following types of connection elements are supported:

-12-
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« plate welded to beam web and welded to column flange,
« plate bolted in beam web and welded to column flange,
o angle section bolted in beam web and bolted in column flange,

« shortendplate welded to beam web and bolted in column flange.

Grid Pinned Connections
Grid Pinned connections are beam-to-beam connections. Three main forms are considered in SCIA Engineer:
o Welded pinned plate
» Bolted pinned plate
o Cleat
o Shortend plate

The grid pinned connections are checked for critical shear force and normal force. The following critical situations are con-
sidered:

(1) VRd : design shear resistance for the connection element

(2) VRd : design shear resistance of the beam

(3a) VRd: design block shear resistance for beam web

(3b) VRd: design block shear resistance for connection element (beam side)
(3c) VRd : design block shear resistance for connection element (column side)
(3d) VRd: design block shear resistance for endplate (beam side)

(4) VRd : design shear resistance due to the bolt distribution in the beam web
(5) VRd : design shear resistance due to the bolt distribution in the column
(6) VRd : design shear resistance at the notch

(7) NRd : design compression/tension resistance for the connection element
(8) NRd : design compression/tension resistance of the beam

(9) NRd: design tension resistance due to the bolt distribution in the column

[(10) NRd : design compression resistance for column web]

) _ . .
For more information see Theoretical Background Manual.

Bolted diagonal connections

Bolted diagonal connections

This chapter deals with the design and check of a bolted connection, where the member is subject to normal force. There
are 2 ways of connection of the diagonal to another member (to a column):

« bolting the diagonal on a gusset plate,

« bolting the diagonal member directly to the column member.

-13-
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Diagonal element bolted on a gusset plate

For both ends of the selected diagonal elements, gusset plate connection can be designed.

Possible configurations are:

angle diagonal with single bolt row

angle diagonal with double staggered bolt row

[ TH
[ 11
T —
channel diagonal bolted through flange with single bolt row
[
channel diagonal bolted through web with double (non) staggered bolt row
| —
| section diagonal bolted through flange with double (non) staggered bolt row
— i |
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Bolt configurations
Angle section
_E_ —
- =
o = e
- <
E /]

Channel section
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| section
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Diagonal element bolted on a column

Both ends of the selected diagonal elements are connected to the column element. The column elementis an angle section.
The following configurations are possible:
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S

angle diagonal with single bolt row

angle diagonal with double staggered bolt row

channel diagonal bolted through flange with single bolt row

channel diagonal bolted through web with double (non) staggered bolt row o

channel diagonal bolted through web with single c° E

Note: For bolt configurations see chapter Diagonal element bolted on a gusset plate.

Multiple diagonal elements connected to one column

The selected diagonal elements (1 or 2 elements) are connected by means of 1 single bolt to the column element. The
column element is an angle section or a cold-formed section. The following configurations are possible:

-17 -
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angle diagonal(s) on angle column o

cold formed diagonal on cold formed column

RHS diagonal on cold formed column

Properties of bolted diagonal connection

The connection properties consist of several input parts. Each part can be edited on a separate tab sheet.

General Defines the connection name and comments.
Connection Sets the elementand plate properties.
Bolts configuration Defines the bolt configuration.

Gusset properties

2D Plate group

Material] Use this button to select the material property for the gusset plate. The default material is taken from the diag-
ateria
onal element.

Thickness | Defines the thickness of the gusset plate

Defines the weld throat of the gusset plate. When the value of "0.0" is input, the weld size during the cal-

Throat culation is considered as a half of the gusset thickness.
thickness

The weld size is used to calculate the necessary weld length for the gusset plate.

-18-
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First diagonal element group

The critical normal force is displayed. Depending on the settings, the normal forces is the critical frac-

N
tion force or the critical traction/compression force.
Use this radio button to select the proper part of the section for bolting the gusset plate.
Angle section - Short: bolted in shortleg
Short, Long ) )
Angle section - Long : bolted in long leg
Web, Flange

U section - Web : bolted through web

U section - Flange : bolted through flange

Type Column | and Column I

For each angle diagonal, the position is defined.

Diagonal position group

Position 1 Diagonal is inside the angle column.
Position 2 Diagonal is outside of the angle column.
Position 3 Diagonal is outside of the angle column (crossing the leg of the angle column)
Up Leg of the angle diagonal is on the upper side.
Down Leg of the angle diagonal is on the lower side.
Position 1
Flange Up -
Position 1
©
Flange Down '
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Position 2

Flange Up

Position 2

Flange Down

Position 3

Flange Up

Position 3

Flange Down

Bolt configuration
These groups are valid for all types.

Bolts group

[Bol] Use this button to define the bolt characteristics.

Holed | Display ofthe related bore hole for the bolt. The default value is taken from the bolt characteristics.

Bolts position group

One row Defines the number of rows.

-20-
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Two rows

No.in one )
Defines the number of bolts in one row.
row

o Use this button to let the program search for the number of bolts, with respect to capacity of the con-
[Optimisation] i
nection.

Defines the spacing p1 between the bolts on a row.

p1
The default value can be setin the basic settings for each bolt diameter.

p2,w Defines the spacing p2 between the bolt rows.

staggered

non- Defines the bolt staggering.

staggered

For staggered bolt position, defines the staggered pitch, the spacing of the centres of two consecutive

holes, measured parallel to the member axis. The defaultvalue is p2/2.

First diagonal group

Defines the end distance in the first diagonal.
el
The default value can be setin the basic settings for each bolt diameter.

we2 Defines the edge distance in the first diagonal.

Second diagonal group
Thisgroup s valid for the '‘Column 1" type.

Defines the end distance in the second diagonal.
el
The default value can be setin the basic settings for each bolt diameter.

we2 Defines the edge distance in the second diagonal.

2D Plate group
This group is valid for the 'Gusset' type.

Defines the end distance in the plate.
el
The default value can be setin the basic settings for each bolt diameter.
Defines the edge distance in the plate.
e2
The default value can be setin the basic settings for each bolt diameter.
Column group

This group is valid for the 'Column I'and 'Column II' type.

we?2 Defines the edge distance in the column.

View bolt limits
Check this box to visualize the bolt limits in the diagonal and column elements.

-21-
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Geometrical configurations

Geometrical configurations for w, e1, e2, p1, p2, s

]

N

i o e
o o0 ©o |—
W
i B 2 I
o 0o L

i I

Default values

Default values for w, €2, p2, s
The default values for standard sections are stored in the profile library: the properties 74, 75 and 76 describe the default

bolt positions in the element.

Property number Description
74 w1
75 w2
76 w3

Ifthe values w1, w2 and w3 are not present in the profile library, the following defaults are used :

Default values w and p2 for angle sections

1 boltline 2 staggered 2 staggered
boltlines boltlines
w w p2
equal legs
wi<>0 wi b/3 b/3
w2=0
equal legs
b/2 wi w2
wi1<>0
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w2<>0

equal legs
w1=0

w2=0

bi2

b/3

b/3

unequal legs
long leg
wi1<>0

w2=0

wi

b/3

b/3

unequal legs
long leg
wi<>0

w2<>0

bi2

wi

w2

unequal legs
shortleg

w3<>0

w3

b/3

b/3

unequal legs
shortleg

w3=0

bi2

b/3

b/3

Default value w for U sections

w
flange connection

wi
wi1<>0
flange connection

b/2
w1=0
web connection h/2

Default values w for | sections

w
wi<>0 wi
w1=0 b2
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Default values e2 for RHS sections

The default values for e2 is h/2.

Default values e2 for cold formed sections

The default bolt configuration is stored in the profile library : the properties 67,48, 142,143 describe the element thickness
and the default bolt positions in the element.

Property number description

67 s (thickness)

48 B (width)

142 sp (number of shear planes)
143 E2

The default value e2=B-E2.

| B |
| |

N:"w
L7

! E2

Geometric types

Introduction to geometric types

According to its geometry, a connection can be sorted into specific group. SCIA Engineer enables the user to deal with the
following groups of connection:

-24-
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knee
column
Knee
simple T
column
Simple T
beam
beam
double T
column
Double T
beam
cross

column

Cross

plate-to-plate

E

beam beam

plate-to-plate
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beam

base plate

base plate

Note: In all types, the continuous element is called column, the element where the con-
nection is situated, is called beam.

Supported cross-section types

The SCIA Engineer Connections module supports a limited number of cross-section types that may appear on connected
beams. SCIA Engineer can deal with the following cross-section types:

 C——
rolled I beam -
e
f p—
RHS —rolled hollow section L.
|
builtup I section (made ofa flatand T section)

-26-
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symmetrical welded | section (made of three flats) |
- 1
asymmetrical welded | section (made of three flats)
——1
"
| section with a haunch ;
ES
(elements with variable height)
 E— —
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Connection parts

Connectors

Introduction to connectors

Connectors, as the name suggests, connect two part together. In SCIA Engineer the user may come across two types of
connectors: bolts and anchors.

Bolts are used for connection of two steel parts together. Anchors appear at base plate and connect the steel plate to a con-
crete base.

Bolts

Bolts are used together with appropriate washers and nuts.

Bolt

Bolts are defined by the following parameters:
« boltdescription
« borehole
« construction diameter (= diameter required for bolt key)
« head diameter (see sin Fig. below)

« diagonal head diameter (see e in Fig. below)

«» head height (see kin Fig. below)

« grosscross-section A of the bolt

« tensile stress area As of the bolt

. , | \

| | 9 4

e L\ & l
Y ! \?. 4 T -~
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Nut

Nuts are defined by the following parameters:
» nutdescription

« nutdiameter (see sin Fig. above)

« nutdiagonal diameter (see e in Fig. above)

« nutheight (see min Fig. above)

Washer

The following properties define a washer (see Fig. below):
« washer description

« washer dimension D

« washer dimension t

« Wwasher dimension d2

o Wwasher material

—

2 ]

R

o e

Bolt length
Astandard bolt length can be defined in 2 ways:

« Dbythe relation standard length - grip length,

-29-
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grip

standard length

« by adding a specific value "delta" to the grip length : the standard length is given by (grip+delta+nut height+number of
washers xwasher thickness), rounded to following standard length,

i grip i delta i "

f tandard length

Bolt pattern

Depending on geometrical conditions and on load the connection is subject to, there can be used various bolt patterns.

————1

one boltper row

¢
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two bolts per row

three bolts per row

four bolts per row

Anchors

SCIA Engineer supports several anchor types:

m @ 6 “

——

©
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straight anchor

2. hooked anchor

3. curved (bended) anchor
4

anchor with circular plate (washer plate)

Straight, hooked and curved anchor

lo

; = 4 - -
- J
I
d- fm
d= |-
la
b
h
Rh U Rcﬁ&: t
LICJ
la calculated anchor length
t base plate thickness
d anchor diameter
lo overlength = f1 xd, default value f1=2
Ih retourlength hooked anchor =12 xd, default value 2=5
lc retourlength curved anchor = f3 xd, default value f3=5
Rh inner radius hooked anchor =4 xd, default value f4=1.5
Re inner radius curved anchor =5 x d, default value f4=3
@

Note: Valuesf1, 2, {3, f4, 5 are input values and depend on anchor type.

Anchor with a circular plate

lo
i t
]
—
[
|
d-{

IpL [ \ :
—-
t1

| J
it
! d1
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| anchor length
t base plate thickness
d anchor diameter
lo overlength =1 xd, default value f1=2
Ip overlength atcircular plate =6 x d, default value f6=3
t1 thickness circular plate
R radius circular plate
d1 distance from anchor to side of concrete block
[

Note: Valuesf1, 6,1, d1 are input values. Values R, t1 are calculated by program.

Welds

Introduction to welds
Weld is defined by:
« Wweld dimension
« weldlength

« weld position

o Wweldtype
Weld types
M1 2 (3 4 6 (6)
1 filletweld
2 double fillet weld
3 bevel (HV) weld
4 square weld
5 plug weld
6 weld length athaunch
o

Note: Wed symbol (6) is not defined in codes. This symbol is used to represent the weld
length which is calculated for haunch analysis. In the graphical representation, symbol (6)
or symbol (3) can be used for depiction of weld size at haunches.
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Weld graphical symbols

Vs

X Y Y 6 |
(1) (2) (3)

Graphical representation of weld is made by the above shown welding symbol. The letter X stands for the weld size, and Y
for the weld symbol. The circle symbol in (2) is the weld-all-around symbol.

The example on the rightin (3) means: fillet weld of 6 mm weld size.

Fillet weld

text \4

Possible applications of fillet weld are:
« shortendplate/beam flange,

« Cclosing plate,

« smallwebdoubler,

« Wwelded pinned plate.

Double fillet weld

text ;

Double filet weld can be used in numerous applications;

Bolted connection

« endplate/beam flange,

» endplate/beamweb,

o haunchweb/beam flange,
« haunchweb/end plate,

o stiffeners.

Welded connection
« column flange /beam flange,

« haunchweb/columnflange,
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o stiffeners.

Pinned connection

« endplate/column flange.

Bevel weld

text 7/

Possible applications of bevel weld are:
« haunch flange/endplate,
« haunch flange/beam flange,

« haunch flange/ column flange.

Square weld

/ﬂL

Possible application of square weld is:

« large webdoubler.

Plug weld

text 1
ﬁ

Possible application of plug weld is:

« weld size web doubler.

Plates

Introduction to plates

Plates in connections may have various roles:

» endplate

o stiffener

-35-
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« backing plate
o webdoubler
o flange wideners
» pinned plate

» shortendplate

End plate

An end plate is a rectangular plate attached to the end of a beam. One of bolt patters can be used to connect the plate with
column.

Stiffener

The geometry of stiffener is defined by the position and the shape. There are two option:
« rectangular stiffener (the left hand side of the picture below),

o triangular stiffener (the right hand side of the picture below).

N

Possible positions of stiffeners are summarised in the following table and shown in the accompanying pictures.

Rectangular stiffener
1 column web, at top side
11 closing plate attop side
2 column web, at bottom side
3 column web, between bolts
4 column web, diagonal
5 beamweb, athaunch end

Triangular stiffener

column web, at top side

column web, atbottom side

column web, between bolts

©| | N| &

beam web, athaunch end
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Backing plate

The bolt pattern used for the backing plate depends on the pattern of associated end plate.

Web doubler

Aweb doubler can be used to increase the strength of the column web.

Flange widener

Flange widener is used to increase the width of a flange.

Pinned plate

The pinned plate can be:
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« bolted and/or welded,

« onesided or two sided.

=gl

&+ # W
EE ]

Short endplate
Sections
Shear iron

The shear iron has following section forms:
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rolled |

angle section
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Cleat

W W

Notches

Notch

The notch is defined by depth h, length | and radius r. The notch can be situated at the top, and/or at the bottom flange.

i

-

-

!
b

Rounding of a notch

The rounding r of the notch, can be

0 no rounding
>0 r = diameter of rounding
<0 |r| = diameter of bore hole
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r<0 r=0

Haunches

Haunch

The connection may be "stiffened" by a haunch. Such a haunch is used for the purpose of the design and check of the con-
nection (read carefully the note below).

Type Member select

The haunch is made from a selected type of cross-section. The list is limited to cross-sections used in the
model of the structure.

Plate
The haunch is made of one flat.
With flange

The haunch is made of two flats — web and flange.

Input type Heightx angle

Heightx length

Cross- sec- | If Type is setto Member select, the cross-section can be selected here.

tion

Dimensions | The required dimensions of the haunch can be inputhere.

The list of dimensions differs according to the selected Type.

Note: Adds a haunch to the connected beam. This haunch (i) affects the check of the con-
nection, (ii) is taken into account when calculating the "substitute” stiffness of he connection
(if option Update stiffness is ON), BUT (iii) is ignored in the calculation model itself (unlike
the haunch defined by means of function Structure >Haunch.
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Designing a connection

Defining a new connection

Significance of defined beam types

When the user defines a new beam in his/her model, he/she may specify the type of the beam. The type is of no importance
asfar as determination of internal forces and stresses is in question. However, once the user starts with detailing and wants
to design a connection of two or more beams, the parameter Type comes into effect. Each type is associated with a specific
priority. The priority controls the way two beams are connected to each other.

It can be simply said that the type specifies priorities of individual beams, in other words which beam is the "master" and
which one only the "slave", which determines the detailed geometry of the connection.

Let's demonstrate the said on a simple example. Let’'s assume a connection of two beams: vertical one and horizontal one.
There are three possible configurations of such a detail.

vertical beam horizontal beam connection
type = column type =beam
priority = 100 priority =80 z

*

knee connection
type =beam type = column
priority =80 priority = 100 >

7

knee connection
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type =beam type =beam

priority = 80 priority = 80

plate to plate connection

Adjusting the default parameters

Before the design itself, the user may specify values of various connection-design-related parameters. These values will be

then used as default values for individual particular connections.

General data

This group of parameters covers the basic data such as minimal weld size, slip factor for preload bolts, minimum distances

between bolts, etc.

Minimum weld size

Minimum throat thickness of the welds.

Slip factor (preloaded bolts)

This is the slip factor m for preloaded high-strength bolts (see EC3,

6583).

Factor for moment of prel. bolts

This factor kiis used to determine the needed torque Mv.

Mv=kd Fv

where

Mv = torque

d = diameter of the prestressed bolt

Fv =design preloading force

Minimum distance bolt - edge plate (d)

Minimum edge distance.

Minimum distance bolt - top plate (d)

Minimum end distance.

Maximum distance bolt - edge plate (d)

Maximum edge distance.

Maximum distance bolt - top plate (d)

Maximum end distance.

Minimum distance between bolt rows (d)

Minimum spacing.

Maximum distance between bolt rows (d)

Maximum spacing.

Minimum distance between bolton rows (d)

Minimum spacing.

nection)

Distance bolt — top/edge plate (pinned con-

Default bolt position in bolted frame pinned connectors.

Adaptanalysis stifness

Default setting for adapting the stiffness during analysis.
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overdepth for notch

overlength for notch

Frame bolted / welded

This group determines the way in which a frame connection is designed and calculated.

Transformation

Specifies  which internal forces  are used as  solicitation forces

ative error for

fefforts In axis : internal forces in the node (intersecton of beam and column axis).
ofeffo

In edge :internal forces at the connection
Weldsize The presentation of weldsize at haunches can be either a fillet V weld, or the length as given in chapter
haunch Weld sizes for haunches in Frame Connect : Theoretical Background.
Allowable rel-

This is the permissible exceeding percentage of the Moment design resistance Mj,Rd, for a connection

limit moments | to still be classified as OK.

(%)

Omit ¥ This is related to formula J.19 & J.20 of Ref. [1]. It is possible to omit the portion of the welds in the
miting  we —

) g determination of the effective width beff, which is used to determine the design resistance of column

in beff (FcRd)

web to fransverse compression (Fcwc,Rd).

Include stress
in column
flange

This is related to the use of the reduction factor kfc in the determination of the design resistance of
column flange in bending. Itis possible to omit kfc, so that no reduction for the longitudinal compressive
stress scom,Ed in the column flange is made. See Ref.[1]J.3.5.5.2 (4)

Capacity beam
flange

This is related to the determination of Fc,fb,Rd ,the determination of the design compression resistance

of the beam flange in compression, for beams stifened with haunches
Prof : McRd wil be calculated for the beam cross- section  only.
Prof + haunch : Mc,Rd will be calculated for the cross-section consisting of the beam + the haunch(es).

Compr. haunch cfr. SPRINT : For the compressed haunch flange, the Fc,fb,Rd is calculated according
to SPRINT regulations. See also chapter Compression resistance for haunches in Connect Frame :
Theoretical Background.

Use alternative
method for
FtRd.1

This feature allows the user to use an alternative method, given in Ref. [1]J.3.2.4, for the determination
of FtRd for mode 1: Complete yielding of the flange.

This method leads to a higher value of the design resistance for mode 1.

Always adapt
stifeners

When this option is selected, the thickness of stiffeners will be always changed during the calculation of
the node, depending on actual internal forces and critical limit forces. See Weld size calculation and
Stiffener dimensions in Connect Frame : Theoretical Background.

When this option is not selected, the inputted thickness of stiffeners will be changed only if the inputted
values are smaller than the calculated minimum thickness.

Always adapt

When this option is selected, the weld sizes are calculated during the calculation of the node, depend-
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weldsizes

ing on the actual internal forces and the critical limit forces.
When this option is not selected, the default values are taken.

See Weld size calculation and Stiffener dimensionsin Connect Frame : Theoretical Background.

Apply stifiness
classification
check

When this option is selected, the stiffness classification and the check of the required stifiness are
applied.

Use internal
forces for weld

size calculation

Check this box for using the internal forces when dimensioning the weld sizes and the stiffeners. If not,
the limit capacities are used.

Use stiffeners

only for shear
capacity

in column web | Check this box if you want to use the rectangular stiffeners (in tension and compression zone) in the
panel res- | capacity of the column web panel in shear.

istance

Use last bolt

Check this box to have at least 1 bolt row which will not be considered in tension. This bolt row is used
for full shear capacity. The boltis situated the closest to the compression point.

Base plate

This group determines the way in which a base plate is designed and calculated.

Apply stiffiness ) N ' _— . '
L When this check box is active, the stiffness classification and the check of the required stifiness are
classification led
applied.
check PP
Concentration ! )
factork Conservatively kj can be taken as 1.0. For the correct value, consult Ref. [5].
actor kj A

Joint coefficient
betaj

bj may be taken as 2/3 provided that the characteristic strength of the grout is not less than 0.2 times
the characteristic strength of the concrete foundation and the thickness of the grout is not greater than
0.2 times the smallest width of the steel base plate.

Fricion  coef-

ficient

Fill outthe appropriate friction coefficient between mortar and steel.

Fck of concrete
block

Characteristic compressive cylinder strength of the concrete at 28 days.

Good bond con-
dition

Check this box for good bond condition. See EC2 Ref[6], clause 5.2.2 for more information.

Bar type

High-bond bars: bars with a ribbed surface

Plain bars: bars with a plain surface

Friction included

This option allows you to take account for the friction resistance when determining the shear res-
istance VRd of the joint. Check this box to take account for the friction resistance.

The Anchorage type describes the way the holding down bolts are anchored into the foundation :

straight: fixing is only based on bond

Anchorage type | hooked : The anchors are provided with a hook

curved: see Note 1 below the table

circular plate: A washer plate is provided as the load distributing member
Overlength (d) See definition of anchors in Connection Parts
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Retourlength
hooked anchor

(d)

See definition of anchorsin Connection Parts

Retourlength
curved anchor

(d)

See definition of anchors in Connection Parts

Inner radius
hooked anchor

(d)

See definition of anchors in Connection Parts

Inner radius
curved anchor

(d)

See definition of anchors in Connection Parts

Overlength atcir-
cular plate (d)

See definition of anchorsin Connection Parts

Thickness  cir-
cular plate (d)

See definition of anchors in Connection Parts

Radius circular
plate (d)

See definition of anchors in Connection Parts

Distance  from
anchor to side of
concrete block

See definition of anchors in Connection Parts

Anchor length

See definition of anchors in Connection Parts

Use support
reactions

When this option is selected, the support reactions are used to design the base plate connection.

If not, the member forces of the column are used to check the connection.

Use internal
forces for anchor
lengths

Check this box in order to use internal forces when dimensioning the anchor length. Otherwise, the
limit capacities are used.

Note 1: Hooked and curved are basically the same types, they only differ in geometrical
properties so they will result in the same anchorage length (curved is provided for future
purposes)

¢ Note 2: Hooked and curved bolt types should not be used for bolts with a specified yield
strength higher than 300 N/mm_ (According toRef. [1]).
Bolted diagonal

For common bolt diameters (M12 to M36) , the default values for e1 and p1 ( in the diagonal element) and the default values
e1ande2 (in the plate element) are set for staggered and non-staggered bolt positions.
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Normalforce type

-
]
]

a2

The critical normalforce for the connection design is searched using the selected criterion:

Tension only

only tensile forces are considered

Tension and compression

both compression and tensile forces are considered

Partial safety factors

Here, partial safety factors can be specified.

Default
Symbol Remarks
value
cross-  section
?MD Resistance of Class 1,2 or 3 sections 11
and plates
members to buck-
i ?M 1 Resistance of members to buckling + Class 4 sections 141
ing
bolted con-
ila] 125
nection T
welded con- ?MW 195
nection |
prestressed bolts ThS.LIE | Slip resistance for the ultimate limit state 125
concrete T': Only used for a base plate connection 15
friction  plate/- qrr Safety factor on friction between steel and concrete. Only used for 5
concrete a base plate connection.
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Partial  Safety TM 1

Safety factor on design compression/tension resistance. 11
fact. Truss

Expert System

The following Relative errors can be set:

Sets the admissible relative dimension error for retrieving the connection beam and connection column.
Section This is only valid when the check on dimensions option is set, or when a VARH section is used, or when
search by name was without success.

Material Sets the admissible relative material error for refrieving the connection materials (i.e. the material prop-
ateria
erties for beam, column, endplate, bolt, etc.)

The data in the expert database are stored for a certain geometrical configuration. This is measured by
Configuration | the angle between the beam and the column or the base plate or the endplate. The tolerance for this
angle is defined in the editbox.

This relative error takes into account the difference between the design moment resistance at the top side
and the bottom side. If the relative error between the design moment resistance at the top side and the
bottom side is larger than the value which is set here, an inverted position of the connection will be con-
sidered. This value has no sense for pinned connections.

Position

Order option group
Thisis the default order option for sorting the relevant connections.
« Unity check: sorting by unity check

o Priority sorting by priority number

Filter options group

The number of entries in the retrieved connection list, can be customized and filtered by means of following options:

. Sets limits for the unity check. Only the unity checks, which are inside the boundaries, will be presentin the
ucmin
connection list.
uc max ) .
TIP: a good maximum value is 0.90.
priority min
Sets limits for the priority number.
priority max
The unity check can be based:
capacity fil- on the capacity table values,
ter on the calculated capacity values or
on a combination of both (minimum or maximum).
bolt For a bolted connection, you can eliminate bolt grades. The connection list will not contain connections
exclude list | using the selected boltgrades.

source filter Selects the desired sources for retrieving the connections.
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Geometry checks group

This group specifies the criterion for selecting the connection beam and connection column. This can be performed using
the section name (check on names), or by means of section dimensions (check on dimensions). The check on names option
is the faster one. The check on dimensions option is always used for VARH sections or when the retrieving by names is
without success.

The check on column properties check box should be activated if the user wants to include the column properties for finding
the matching connections. If this is not activated, only the beam properties are consulted. It is obvious that with this last
option, the retrieved unity check can differ from the calculated unity check. The number of retrieved connections will be lar-
ger.

The procedure for adjustment of default parameters

1. Open service Steel:

1. using menu function Tree > Steel,

i

2. orusing tree menu function Steel ( ).
=
).
3. Adjustthe individual parameters in the table as required.

4. Confirm with [OK].

2. Openfunction Connections > Setup (

Making a new connection

The procedure for the definition of a new connection is similar for all analysis types. This chapter presents the general pro-
cedure. The following chapters then deal with some specifics of individual connection types.

[ . . . . .
Note: The connection may also be inserted into an intersection of two or more beams

where linked node has been generated.

The general procedure for the definition of a new connection

1. In the graphical window of SCIA Engineer display the part of the structure where the new connection is supposed to be
located. Make especially sure that the appropriate node and beams forming the connection can be clearly seen and easily
selected.

2. Start appropriate function for the required type of connection either using menu function Tree > Steel > Connections >
Xxx or using tree menu function Steel > Connections > xxx, where xxx can be one of the following:

1. Frame bolted / welded - strong axis,

Frame bolted / welded - weak axis,

Grid pinned,
Bolted diagonal.

3. Selectthe node where the connection is supposed to be designed.

e

4. The program automatically selects all the beams that come to or pass through the selected node. If required, deselect
any of the beams.

5. Press[Esc]to close the function.
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6. The program automatically creates the connection in the selected node. The type of the connection depends on geo-
metrical conditions and adjusted priorities.

7. The property window displays all the parameters that are relevant to the specific type of connection.

8. Adjust the parameters of the generated connection in the property window.

9. Clear the selection to finish the design of the particular connection.

Defining a new frame connection in strong axis

The procedure for the definition of a new frame connection in strong axis will be shown on an example of a horizontal beam
attached to a vertical column in the middle of the column height. However, other configurations are possible as well (e.g.
frame corner, efc.).

The procedure to define a new frame connection in strong axis

Let's have a column with a beam attached to it in the middle of the column height.

Open service Steel. Start function Connections > Frame bolted/welded — strong axis. Follow the instructions on the com-
mand line and select the point of connection.

3,10,000;1,500)

Allthe beams that pass the selected node are selected. If required, unselect unnecessary beams.
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Press [Esc] to complete the action. The connection is generated in the selected node and a connection symbol is drawn on
the screen.

[Conn{hz0]

Use the property window to define all required parts of the new connection.

Side ->[B16]
Connection twpe  Frame bolted
End plate
Backing plate
Bolts

Top stiffener
Bottomn stiffener
Diagonal stifferer

B S B N R

“Web doubler

OO0 EEHEEAEB

Update stiffness
Calculation type  far |Da-:|u:ase.-"u:-:;|
Clutput Mormal ;I
Length for stiffe... 4,000

The connection in the graphical window is redrawn to reflect your settings.
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Note: Remember that a linked node must exist in the selected node where connection is to
be defined.

Defining a new frame connection in weak axis

The procedure for the definition of a new frame connection in weak axis will be shown on an example of a horizontal beam
attached to the head of a vertical column. However, other configurations are possible as well.

The procedure to define a new frame connection in weak axis
Let'shave a column with a beam attached to its top end.

Open service Steel. Start function Connectuions > Frame bolted/welded — weak axis. Follow the instructions on the com-
mand line and select the point of connection.
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1,000, 3,500

Allthe beams that pass the selected node are selected. If required, unselect unnecessary beams.

Press [Esc] to complete the action. The connection is generated in the selected node and a connection symbol is drawn on
the screen.

Use the property window to define all required parts of the new connection.
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Side -»[B17] ;
Connection type  Frame bolted j
End plate _E _|
Bolts & _I
Update stiffness O

Calculation type  for IDadcasefccj

Cutpat Marmal
Length for stiffn... 4.000

e
Wweld El

The connection in the graphical window is redrawn to reflect your settings.

Note: Remember that a linked node must exist in the selected node where connection is to
be defined.

Defining a new grid pinned connection

The procedure for the definition of a new grid pinned connection will be shown on an example of a horizontal beam attached
to the second horizontal beam in the middle of its length. However, other configurations are possible as well.

The procedure to define a new grid pinned connection
Let's have two intersecting (joining) horizontal beams.
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Open service Steel. Start function Connections > Grid pinned. Follow the instructions on the command line and select the
point of connection.

3,000;0,000;0,000)

Allthe beams that pass the selected node are selected. If required, unselect unnecessary beams.

Press [Esc] to complete the action. The connection is generated in the selected node and a connection symbol is drawn on
the screen.
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[ Cann k2] |

8l Giidpinned
g Cleat

The connection in the graphical window is redrawn to reflect your settings.

Note: Remember that a linked node must exist in the selected node where connection is to
be defined.

Note: The beam that passes the connection must have HIGHER priority than the beam
that endsin the connection. E.g. like below:
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The priority can be adjusted in the property dialogue of each beam in the field Type or in
group CAD model:

I:n:ussSectu:un CAD model

Alpha [deg] I:ueam [EEI] . i -
aenrs i colurnn [100) m agcordna o et
ember system-line. . Priarity value i

gable column [70]

ey [mm] zecondary colurnn [E0] Perp. aligrment default R
ez [rnm] rafter [30] Eccentricity def whole member |
LES E:.u.:.r::rll.r[gu]:ing (0] Eccentricity y [mm] 0
LCS Rotation [dea] | ywall bracing (0] Eccentricity 2 [mm] 0
FEH e Sl (98] AL LI =
E:E:}lmg and relativ. . Fiiss Sbonal [90] w-gap begin [mm] 1]
- beam =lab [110) %-gap end [mm] 1]

Defining a new bolted diagonal connection

The procedure for the definition of a new bolted diagonal will be shown on an model example of a vertical column with a diag-
onal attached to it. However, other — more realistic— configurations are possible as well.

The procedure to define a new bolted diagonal connection
Let’s have the model situation.
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Open service Steel. Start function Connectuions > Bolted diagonal. Follow the instructions on the command line and select
the point of connection.

§(0,000;0,000,1 500

Allthe beams that pass the selected node are selected. If required, unselect unnecessary beams.

Press [Esc] to complete the action. The Bolted connection dialogue is opened on the screen. Make necessary adjustments.
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Generall Conmection  Baolks config

—Bolts
Limts | [M12- 45
Hele d |14 mim
— Buoltz pozition
 One row & Two rows O ptirmization I
Mr. in one row |2 j
pl |3EI mm
p IEEI i
" Mon-staggered {+ Staggered
£ |1 a mnrm
— Firzt diagonal
el IEEI mnm
1 IED M
— Second diagonal
el IEI il
g2 IEI 11|
— Colurnn
1 I'I aa M
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The connection is generated in the selected node and a connection symbol is drawn on the screen.

EC [rud]

The connection in the graphical window is redrawn to reflect your settings.
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Note: Remember that a linked node must exist in the selected node where connection is to
be defined.

Specifying the parameters of connection

Once a connection is created, its parameters may be displayed in the property window, adjusted and modified in order to sat-
isfy all the requirements laid on the particular connection.

The parameters, of course, depend on the connection type that is being edited. Knee connection will have different para-
meters in the table than e.g. plate-to-plate connection. If more that one connection is edited at the same time (i.e. more than
one connection is selected), the intersection of the parameters common to all selected connections is displayed in the prop-
erty window.

The property table also hides all the "illogical" parameters. For example, unless the user specifies that there are bolts in the
connection, itis not possible to select their length, diameter and other parameters.

In order to make the design of connection a straightforward action, the parameters are sorted in separate groups. The user
may either open or close the group in the property window. It may be a good practice to close those groups whose design
has been finished. Thus the list of parameters in the property window becomes shorted and clearer.

Overview of connection parameter groups

The following overview presents the groups of parameters that may appear in the property window. Some groups of para-

meters or some particular parameters in groups may be available only for specific connection type or types.

Basic (ungrouped) parameters

Name Specifies the name thatappearsin outputs.

T fload Specifies the "type of load" that is used for calculations (checking) of the connection. E.g. load cases or
e ofloads
» load case combinations may be selected.

Frame type Specifies the type of the frame. The frame may be with bracing or without t.

Connection . i
Informs the user about the geometrical type of the connection.

geometry

Side => [Beam name]

Several beams may come to the connection. Each of the beams has got an individual Side group in the table.
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The parameters in the group define which particular parts form the particular connection. The contents of the group may
vary according to which parameters have been already specified in the group.

Possible parametersin the Side group are:

Connectiontype | Either frame bolted or frame welded connection can be designed.

End plate Specifies thatan end plate is used.

Backing plate Specifies thata backing plate is used.

Bolts Specifies that bolts are used.

Top stiffener Specifies that a top stiffener is used.

Bottom stifiener | Specifies thata bottom stiffener is used.

Diagonal . , . .
! Specifies that a diagonal stiffener is used.
stiffener
Web doubler Specifies that the web of the column is stiffiened by a web doubler.
Update cal- Ifthis option is ON, the program calculates the resistance and stiffness of the connection and displays
culation them n the table atthe end of Side group.

Specifies the load conditions in the connection. If the type is set to "for load cases and combinations",
Calculationtype | the program performs also the checking of the connection. And again the results are shown in the
table atthe end of Side group.

Each connection may be "exported” into the document. Option Output then specifies the extent of the

Output )
outputreportgenerated in the document.

Length for stiff-

ness clas- Specifies the length for stifiness classification.

sification

Update stifiness | Automatically calculates the stiffiness of connection.

Element type (for ) )
) Selects type of plate for frame pinned connection.
Frame Pinned)

Pinned plate (for

) Specifies that a pinned plate is used.
Frame Pinned)

Cleat (for Frame . )
) Specifies thata cleatis used.
Pinned)
Save to expert )
Saves the connection to expertdatabase.
database
Load from expert )
Loads a connection from expert database.
database

Beam notch (for
Grid Pinned)

Node (for Bolted
Diagonal)

The shape and size of the cleat.

Informs about the node where the connection is defined.

Gusset material
(for Bolted Diag- | Defines the gusset material.

onal)
Edit Bolted Diag-
onal (for Bolted | Provides for editing of this type of connection.
Diagonal)

Adds a haunch to the connected beam. This haunch:
Haunch

« affects the check of the connection,
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« istaken into accountwhen calculating the substitute” stifiness of he connection (if option Update
stifiness is ON),

« isignored in the calculation model itself (unlike the haunch defined by means of function Structure
> Haunch.

End plate

This group of parameters specifies properties and dimensions of the end plate welded to the connected beam.

Backing plate

This group of parameters specifies properties and dimensions of the backing plate.

Bottom stiffener

This group of parameters specifies properties, shape and dimensions of the bottom stiffener.

Top stiffener

This group of parameters specifies properties and dimensions of the top stiffener.

Diagonal stiffener

This group of parameters specifies properties and dimensions of the diagonal stiffener.

Web doubler

This group of parameters specifies properties, type and dimensions of the web doubler. It also automatically calculates the
size of the element.

Pinned plate

This group of parameters specifies properties, type and dimensions of the pinned plate.

Cleat

This group of parameters specifies properties, type and dimensions of cleat.

Bolts

Here, the bolt assembly, pattern, distance and other parameters concerning bolts are specified.

Stiffener between bolt rows

This group of parameters specifies properties of the stiffener between bolt rows.

Weld

This group specifies parameters of weld used in the connection.

Concrete data

This group summarises properties of concrete block to which a steel beam is fixed by means of anchors.
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Anchor data

The Anchor data group provides for input of anchor type, shape and properties.

¢ Example:
¢ Let's assume a standard knee connection of a column and a beam. There will be only one
Side group in the table. It will contain parameters:
« endplate,

« topstiffener,
« bottom stiffener,
o diagonalstiffener,

o webdoubler.

® . .
As soon as the user inserts an end plate to the connection, two more parameters are

added to the group:

« backing plate,

o bolts.

)
Further let's assume that the user specifies the bolts in the connection. At that moment the

connection becomes "realistic" and new items are added to the group:

« Update calculation,
« calculation type,

« output.

¢ Bubble help: The editing and adjusting of individual connection parameters is quite easy

thanks to a sophisticated feature implemented in the property window. Whenever the user
places the mouse cursor over a value cell in the table, the program shows a "bubble" help
that brings a simple drawing explaining the meaning of the particular parameter. For
example, the pictures below explain the difference between a small and large web doubler.
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Expert System

For Frame connections (bolted, welded and pinned), a connection database is available. The contents of this database con-
sists of some pre-defined connections and can hold user defined connections. Besides the geometrical data, the capacity
properties and the stiffness properties for a given configuration are saved in this database. The capacity and stiffness values
are based on the ultimate limit state of the joint.

During the input of the connection data, this data can be searched in the expert database.

By means of various options, the user can customise and filter the search algorithm in the database.
Contents

The predefined connections

The predefined connections are based on the following tables:

Bemessungshilfen fiir profilorientiertes Konstruieren
Auflage 1997

Stahlbau-Verlagsgesellschaft mbH Kéln

Stahlbau Kalender 1999

Bemessungshilfen fiir nachgiebige Stahlknoten mit Stirnplattenanschliissen

Ernst& Sohn, DSTV, 1999, Berlin

The capacity data are introduced as table values.

A supplementary set for predefined connections is generated by SCIA Engineer. The capacity data are introduced as cal-
culated values.

The predefined connections are locked, and cannot be modified.

To reduce the number of data in the database, the predefined connections are based on beam properties. This implies that
the proposed unity check during the search algorithm can be different from the calculated unity check.

User defined connections

A second part of the database consists of user-defined data, which he can input and delete. For this data, both beam and
column data are considered. The capacity data are introduced as calculated values.

Load from expert database

For each relevant side the best-fitted connection data is represented by its connection name and the graphical rep-
resentation. The best fitting result is the connection with the largest unity check but lower than 1.

[OK] button accepts the proposed connections; [Cancel] button ignores the proposed connections.
A complete list of the matching connections is given.

This connection list is based on the following search criteria:

« thejointtype (welded, bolted, pinned) is matching,

« the geometrical type (beam-column, beam-beam, base plate) is matching,

« theangle between column and beam is between given limits (see chapter Adjusting the default parameters),
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« thebeam properties (geometry and material) are between given limits (see chapter Adjusting the default parameters),

« the column properties (geometry and material) are between given limits (see chapter Adjusting the default parameters),

o checkfor local constraints ( for example : haunch at the top is not always possible for a knee connection, check for admiss-
ible pitch, ...).

Ifthese conditions are met, the connection data are retrieved and sorted in unity check order or in priority order (see chapter
Adjusting the default parameters).

For each entry, the connection name, the unity check, the position (normal or inverse), the bolt grade, the source name and
the priority are present.

Example

IH3E/IPE270/16/200.99 + DSTV 10.91

Example
Connection name IH3E/IPE270/16/20
Unity check 0.99
Position +
Source DSTV
Boltgrade 10.9
Priority 1

For welded and bolted beam-column and beam-beam connections, the unity check is based on the moment capacity. For
bolted base plate connections, the unity check is based on moment capacity and normal force capacity. For pinned con-
nections, the unity check is based on shear force capacity.

The capacity of the connection can be based on the calculated value, or on the table value or on both values (see chapter
Adjusting the default parameters).

Asselected connection can be modified by selecting the proper entryin the list.

Saving the connection into the expert database

Each side can be saved to the connection database. The user has to specify a unique name for the connection. The default
name of the connection is composed as follows:

AA/B/CCCCCC/DDDDDD/EE/FFFFFF/G

BC : beam-column
AA Geometrical configuration PP : plate-to-plate

BP :base plate

B :bolted
B Jointtype W : welded
P :pinned
ccccec Beam section
DDDDDD Column section
Endplate thickness (if bolted)
EE
Pinned type (if pinned)
FFFFFF Bolt diameter and bolt grade (if bolted)
G Number
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Examples:
BC/B/IPE270/HEA260/20/M16-10.9/1

Bolted beam-to-column connection between an IPE270 beam and a HEA260 column with endplate thickness = 20 mm and
boltM16 (10.9).

PP/B/IPE270/30/M20-10.9/1
Bolted plate-to-plate connection on an IPE270 beam with endplate thickness = 30 mm and bolt M20 (10.9).

BP/B/HEA260/15/M16-10.9/1

Bolted base plate connection on a HEA260 column with base plate thickness =15 mm and anchor M16 (10.9).

BC/W/IPE270/HEA260/1

Welded beam-to-column connection between an IPE270 beam and a HEA260 column.

PP/W/IPE270/1

Welded plate-to-plate connection onan IPE270 beam.

BC/P/IPE270/HEA260/T/1

Pinned beam-to-column connection between an IPE270 beam and a HEA260 column using pin type 1.

Defining the bolt assembly

By default, the user selects from an excessive catalogue of prepared bolt assemblies. However, if required, he/she may
define his/her own bolt assembly or edit the existing one. The bolt assembly specifies which bolts are used with which nuts
and washers and defines properties of them.

Bolts
Selected bolt Selects the particular bolt.
Type Chooses either normal or pre-stressed bolt.
Boltgrade Specifies the grade.
Ultimate tensile strength Informs the user about the ultimate tensile strength of the selected bolt.
Defines the way the boltlength is defined:
Boltlength « standard length
« grip +delta (common in the U.S.)
Length Specifies the length of the bolt.
Grip limit - lower Specifies the lower grip limit.
Grip limit— upper Specifies the upper grip limit.
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Nuts
Selected nut Selects the particular nut.
Nutgrade Specifies the grade.
Washers
Washer athead Says whether the washer is present at the head of the bolt.
Washer atnut Says whether the washer is present at the nut.
Selected washer Selects the particular washer.

The procedure for the definition of bolt assembly

Have the connection properties displayed in the property window:

1. this happens during the definition of a new connection,

2. orwhen an existing connection has been selected for editing.
Make sure that item Bolts is selected in the connection property table.

In the required table group Bolts (there may be several Bolts groups in the table, one group per each beam in the con-

nection) press the button at the right hand side of item Selected bolt assembly (
E Bolts->[B1]

E;E|E|::h3|:| |:||:||t 858 M1 2 i 45 vI ...I

).

The Bolt assemblymanager opens on the screen (The manager is one of many SCIA Engineer managers and its oper-
ation is unified throughout the whole SCIA Engineer environment.).

Define a new bolt assembly or edit the existing one as required.
Close the Bolt assembly manager.

Use the new bolt assembly where required.

Selecting the bolts

SCIA Engineer offers a long list of common bolts. The library contains all necessary information which is crucial for the
proper design of connections.

If necessary, the user may edit the data related to bolts in the Bolts manager. The manager is one of many SCIA Engineer
managers and its operation is unified throughout the whole SCIA Engineer environment.

The procedure for definition of bolt

Invoke the Bolt assembly manager and have it displayed on the screen.

Press the button at the utmost right end of item Selected bolt.
This button opens the Bolts manager on the screen.
Define a new bolt or edit any of pre-defined ones.

Close the Bolts manager.
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Selecting the nuts

SCIAEngineer offers a long list of commonly used nuts. The library contains all necessary information which is crucial for the
proper design of connections.

If necessary, the user may edit the data related to nuts in the Nuts manager. The manager is one of many SCIA Engineer
managers and its operation is unified throughout the whole SCIA Engineer environment.

The procedure for definition of nut

1. Invoke the Bolt assembly manager and have it displayed on the screen.

Press the button at the utmost right end of item Selected nut.
This button opens the Nuts manager on the screen.

Define a new nut or edit any of pre-defined ones.

ok~ LN

Close the Nuts manager.

Selecting the washers

SCIA Engineer offers a long list of commonly used washers. The library contains all necessary information which is crucial
for the proper design of connections.

If necessary, the user may edit the data related to washers in the Washers manager. The manager is one of many SCIA
Engineer managers and its operation is unified throughout the whole SCIA Engineer environment.

The procedure for definition of washer

1. Invoke the Bolt assembly manager and have it displayed on the screen.

Press the button at the utmost right end of item Selected washer.
This button opens the Washers manager on the screen.

Define a new washer or edit any of pre-defined ones.

o ~ w DN

Close the Washers manager.

Editing the existing connection

Modifying the parameters of connection

Generally speaking, connection defined in SCIA Engineer is nothing more than an extra information saved with the struc-
ture model. From this point of view, it can be compared to e.g. load, support, mass, etc. And similarly to the named entities
the connections belong to the Additional data.

Consequently, any connection can be easily modified using the same way as additional data are edited.

The procedure for the modification of parameters of connection

1. Select the connection or connections that should be modified.
2. Theintersection of properties for the selected connections is displayed in the Property window.

3. Change the parameters asrequired.
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4. The change is automatically applied.

5. Clear the selection.
If only a single connection should be modified and the user would prefer to see a regular modal dialogue on the screen, an
alternative approach may be used.

The alternative procedure for editing of connection

1. Position the mouse cursor over the connection that should be modified.

Click the right mouse button.

The graphical window pop-up menu appear on the screen.

Select function Edit properties.

The property dialogue for the selected connection is opened in a separate modal dialogue.
Change any parameters you need to modify.

Confirm the changes with button [OK].

©® N o o &~ w Db

The operation is completed.

Copying the connection

Generally speaking, connection defined in SCIA Engineer is nothing else than an extra information saved with the structure
model. From this point of view, it can be compared to e.g. load, support, mass, etc. And similarly to the named entities the
connections belong to the Additional data.

Consequently, any connection can be copied to another node the same way as additional data are copied.

The procedure for copying of connections

1. Select the connection that is to be copied.

2. Icon Copyadd data ( " ) becomes accessible on toolbar Geometrical manipulations.
Click the icon.

Define the target position for the copied connection.

The selected connection is copied into the new location.

If required, select another target positions.

N o o &~ w

Press [Esc] to and the function.

The function for copying of additional data is also accessible via the window pop-up menu. Instead of clicking the button on
the Geometrical manipulations toolbar, it is possible to use the alternative approach.

The alternative procedure for copying of a connection

1. Select the connection that is to be copied.
Position the mouse cursor outside any entity on the screen.

Click the right mouse button to invoke the pop-up menu.

el

Select function Copy add data ((
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|
E),
5. Follow the final steps of the procedure described above.

Thereisalso an alternative to the above mentioned procedure.

The second alternative procedure for copying of a connection

1. Position the mouse cursor over the connection you want to copy.
2. Clickthe right mouse button.

3. The pop-up menu appears on the screen.

. B
4. Selectfunction Copy add data (( ).

5. The function will treat the single entity - the one over which the mouse cursor was positioned when the mouse button was
clicked.

Define the target position for the copied connection.
The selected connection is copied into the new location.

Ifrequired, select another target positions.

© o N o

Press [Esc] to and the function.

Deleting the connection

Generally speaking, connection defined in SCIA Engineer is nothing more than an extra information saved with the struc-
ture model. From this point of view, it can be compared to e.g. load, support, mass, etc. And similarly to the named entities
the connections belong to the Additional data.

Consequently, any connection can be deleted the same way as additional data are deleted.

The procedure for deletion of connections

1. Select connections that should be removed.
2. Startfunction Delete:
1. either use menu function Modify > Delete,
2. orinvoke the window pop-up menu and here select function Delete.
3. Adialogue asking for your confirmation appears on the screen.
4. Confirmit.

5. The connections are deleted from the project.
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Checking the connection

Fast checking

Fast checking of a selected connection can be made in the property table.

Once a connection is selected and its properties are shown in the property window (see chapter Modifying the parameters
of connection), itis possible to display brief information about the bearing capacity of the connection.

Group Side (remember that each beam coming to the connection has got its own group Side) contains item Update cal-
culation. When this item is ticked (selected), the program calculates automatically the design resistance of the connection
and some other characteristics.

Design moment res- ) .
s Shows the overall moment resistance of the connection.
istance

Design shear resistance | Shows the overall shear resistance of the connection.

Design normal res- . )
o Shows the overall normal resistance of the connection.
istance

Result of stifiness, Sj Displays the rotational stifiness of the connection, related to the actual moment M;j,Sd.

Resultof stifiness, Sj,ini | Displays the rotational stifiness, related to Mj,Rd (without the influence of normal force).

Limitpart Tells which partis the limiting part of the connection. In other words, which partis the most
imit par
P "weak" part.

Limit part compression Tells which partis the limiting part of the connection in compression.

The above mentioned quantities are shown if Calculation type for the particular "side" of the connection is set to tension on
top side or tension on bottom side. These two options mean that the program does not assume existence of results cal-
culated in static analysis of the structure.

However, if option Calculation type is set to from load case / combination, the program takes the available results of static cal-
culation and determines other result values related to the connection.

Unity check M/MRd Displays the result of unity check for moment.
Unity check VV//VRd Displays the result of unity check for shear force.
Unity check N/NRd Displays the result of unity check for axial force.
Moment Displays the actual momentacting in the connection.
Shear force Displays the actual shear force acting in the connection.
Check - Moment Displays the result of moment check.
Check— Shear force Displays the result of shear force check.

®

Note 1: In order to enable the program to show the basic checking results, i.e. the res-
istance and stiffness values, the connection must be already defined reasonably. That
means that it must contain at least the most essential parts. For example, the knee con-
nection must contain an end plate and bolts.

Note 2: In order to enable the program to show the results of complete check (i.e. the val-
ues from the second table), the condition from Note 1 must be fulfiled and the structure
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model must have been already calculated and at least one result of that analysis must be
available.

Detailed checking

Once a connection is designed, the program is able to perform the checking of the connection and show the results. The res-
ults may be presented in a brief form directly in the property table of the connection, or they may be sorted out in a readable
tabular style in the document.

brief The output brings just the principal data related to the connection.

normal The output contains the all the essential information about the connection and its checking.

detailed The report consists of all available data related to the connection.

Regardless of the output type, the result report is generated into the document or preview window of SCIA Engineer.

The procedure for creation of output in Preview window

1. Select the connection or connections that should be checked.
The intersection of properties for the selected connectionsis displayed in the Property window.

Set item Output to the required value (brief/ normal/ detailed).

L n

Callfunction Print/ Preview table:
1. either using function Print data > Print/ Preview table located on Project toolbar,
2. orusing menu function File > Print data > Print/ Preview table.

5. The program generates tables for selected connection (or connections) in the Preview window.
The procedure for creation of output in the Document

1. Select the connection or connections that should be checked.
The intersection of properties for the selected connectionsis displayed in the Property window.

Set item Output to the required value (brief/ normal/ detailed).

> L

Callfunction Table to document:
1. either using function Print data > Table to document located on Project toolbar,
2. orusing menu function File > Print data > Table to document.

5. The program generates tables for selected connection (or connections) in the Document.

Checking summary

Checking of a connection may be carried out once two basic conditions are met:
« the connection has been designed,
« the project has been successfully calculated and results are available.

The checking results in a brief table containing the essential data about the connection, its resistance and the load it is sub-
jectto.
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The procedure for checking the connection

1. Open service Steel.

o b~ LN

Open branch Connections.
Select function Check.

In the Property window, adjust the required checking parameters.

Use function Print > Print/ Preview table to display the results in the Preview window.

Checking parameters

The selection may set to:
Selection All - all beams are checked
User — the user must select beams for the checking
Type ofload The checking may be carried out for load cases or for combinations.
Load case Here the specific load case or combination may be selected.
Filter may be se to:
Filter No — there is no filtering
Wildcard - the selection is given by the typed "wildcard expression”, e.g. B*, BEAM17?, efc.
Values Here the required quantity may be selected.
Extreme This item tells which connections should be presented in the Preview Window (see below).
Extreme
No /Node All selected connections are checked and printed.
Global All selected connections are checked, butonly the one with extreme value is printed.

The table with the results may look like:

Steel
Hode M2
Connection geometny Knee
Connection type Frame holtted
Calculation type for loadocazeicombinations
De=sign moment resistance Mrd [kHm] 1222
De=sign shear resistance Vrd [kH] 18,13
Unity check M/MRd [-] 037
Unity check VAR [-] 0,00
Check M Connection  satizfied
Check W Connection  satisfied

Note: Once the Preview Window is opened and the results of connection checking are dis-
played in it, any change of the checking parameters leads to the regeneration of the Pre-
view Window. There is no need to use function Print > Print / Preview table over and over

again.
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Output of connections

Screen visualisation

Introduction to screen visualisation
A connection can be drawn on the screen both during the phase of design and when finished to the latest detail.
There are several view styles available in SCIA Engineer. Each style has its advantages and is useful for different purposes:
o simplified view,
« rendered view,

« Vview with dimension lines,

o user-specific view.

Simplified view

Simplified view (called also wired view) displays all the parts of the connection in the form of "wires" or separate lines. This
style is advantageous for its speed. Very often it is also clear enough and can be recommended as the basic display style.

Simplified (wired) view of calculation model

The procedure for the adjustment of simplified view

1. Call menu function View > Set view parameters > Model of structure (this sets the view of the calculation model of the
structure).

If the structure is displayed in rendered mode, click button [Render geometry] at the bottom side of the graphical window.
In the graphical window click the right mouse button to invoke the pop-menu.
Select function Set view parameters.

Select tab Entities.

o o B~ w N

In group of view parameters called Steel connections set the following parameters:
1. tickthe parameter Display,
2. parameter Rendering set to value Wired.

7. Confirm with [OK] (this sets the simplified view of the connections).

Example
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Wty conneclion

Simplified (wired) view of CAD model

The procedure for the adjustment of simplified view

1. Callmenu function View > Set view parameters > CAD model (this sets the view of the CAD model).

If the structure is displayed in rendered mode, click button [Render geometry] at the bottom side of the graphical window.
In the graphical window click the right mouse button to invoke the pop-menu.

Select function Set view parameters.

Select tab Entities.

o o A~ o N

In group of view parameters called Steel connections set the following parameters:
1. tickthe parameter Display,
2. parameter Rendering set to value Wired.

7. Confirm with [OK] (this sets the simplified view of the connectionsin CAD model).

Example

My conneclion

[}
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Rendered view

Rendered view displays all the parts of the connection with full "visibility" of individual parts. In
other words, those parts that are located behind others are invisible. The view most resembles of
normal view of the structure in reality. This style is advantageous for its punctuality. It may be use-
ful for design of complex details and for good visualisation of designed connections. It is also almost
invaluable during presentations.

Rendered view of calculation model

The procedure for the adjustment of rendered view

1. Call menu function View > Set view parameters > Model of structure (this sets the view of the calculation model of the
structure).

Ifthe structure is displayed in wired mode, click button [Render geometry] at the bottom side of the graphical window.
In the graphical window click the right mouse button to invoke the pop-menu.
Select function Set view parameters.

Select tab Entities.

I

In group of view parameters called Steel connections set the following parameters:
1. putthe tickinto the item Display,
2. parameter Rendering set to value Rendered with edges.

7. Confirm with [OK] (this sets the rendered view of connections).

Example

Wty conneciion |

Rendered view of CAD model

The procedure for the adjustment of simplified view

1. Callmenu function View > Set view parameters > CAD model (this sets the view of the CAD model).

2. Ifthe structure is displayed in wired mode, click button [Render geometry] at the bottom side of the graphical window.
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In the graphical window click the right mouse button to invoke the pop-menu.
Select function Set view parameters.

Select tab Entities.

o o B~ w

In group of view parameters called Steel connections set the following parameters:
1. tickthe parameter Display,
2. parameter Rendering set to value Rendered with edges.

7. Confirm with [OK] (this sets the rendered view of the connectionsin CAD model).

Example

Wy conneclion |

Dimension lines

SCIA Engineer enables the user to display also dimension lines for individual connection parts. The dimension lines can be
switched onin Set view parameters dialogue.

The style of dimension lines can be setin Setup > Dimension lines dialogue.

Example
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View parameters

Connections, similarly to other SCIA Engineer entities have parameters that control the display style. These parametersare
called view parameters. The user may adjust the view parameters almost arbitrarily in order to find such a display style that
most reflects his/her needs, wishes, demands, or habits.

The procedure for adjustment of view parameters for connections

In the graphical window click the right mouse button to invoke the pop-menu.
Select function Set view parameters.

Select tab Entities.

Adjust the required parameters in group Steel connections.

Confirm with [OK].

Example of view where the connection is displayed in rendered mode and the structure in wired mode

-80-



Output of connections

Wty conneclion

Example of view where the connection is displayed in "transparent rendering" mode and the structure in wired mode

My conneclion

Drawings

Inserting a selected drawing into the Document

Any drawing of any connection that is just displayed on the screen may be inserted as a separate drawing into the Docu-
ment.

The procedure for the insertion of a connection drawing into the Document

1. Adjust the drawing on the screen as required.
2. Callfunction Picture to document:

1. using menu function File > Print picture > Picture to document,

]
2. using function Print picture > Picture to document ( =] > ) ontoolbar Project
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3. Adjustthe parameters of the picture.

4. Confirm with [OK].

Inserting a selected drawing into the Picture gallery

Any drawing of any connection that s just displayed on the screen may be inserted as a separate drawing into the Picture gal-
lery.

The procedure for the insertion of a connection drawing into the Picture gallery

1. Adjust the drawing on the screen asrequired.
2. Callfunction Picture to gallery:

1. using menu function File > Print picture > Picture to gallery,

(ﬁ>ﬁ)

2. using function Print picture > Picture to gallery

a,

ontoolbar Project,

3. using button [Pictureto gallery] ( located at the bottom scroll bar of the graphical window.
3. Typethe name of the picture.

4. Confirm with [OK].

Printing a selected drawing of connection
Any drawing of any connection that is just displayed on the screen may be printed as a separate drawing.

The procedure for the printing of a connection drawing

1. Adjustthe drawing on the screen as required.
2. Callfunction Print picture:

1. using menu function File > Print picture > Print picture,
(B, 8

3. Adjust the parameters of the picture.
4. Confirm with [OK].

2. using function Print picture > Print picture ontoolbar Project

Saving a selected drawing into external file

Any drawing of any connection that is just displayed on the screen may be saved as a separate drawing into an external
graphicalfile.

The procedure for the exporting of a connection drawing

1. Adjust the drawing on the screen asrequired.
Callfunction Save picture to file:

using menu function File > Print picture > Save picture to file,

E

using function Print picture > Save pictureto file (
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5. Adjustthe parameters of the picture.

ontoolbar Project

6. Confirmwith [OK].

Generating the drawings by Picture wizard
Itis usual practice that a whole set of drawings is necessary to describe fully all parts of the connection:
« various views of the connection,
« drawings of individual parts such as backing plate, stiffener, etc.
SCIAEngineer enables the user to call a sophisticated tool called Picture wizard that does all the work for the user.
The wizard asks the user to decide which drawings are required and what their style should be, and

then generates a set of specified pictures.

The parameters of the Picture wizard

Name Prefix
Prefix of name Specifies the base of picture name.
Scale Determines the scale in which the picture is made.

Picture parameters

Picture width Specifies the width of the picture.

Picture height Specifies the height of the picture.

Specifies the mode of the drawings:
normal

rendered

Display mode wired

hidden lines off

hidden lines dashed

wired OpenGL

This factor can be used to multiply the text size in order to adjust easily the drawing for various out-
putdevices.

Text scale factor

Character set of

toxts Specifies the character set (e.g. Western Europe, Eastern Europe, Greek, Russian, efc.)
e

Dimension line

End-mark style Specifies the style of end marks of dimension lines.
End-mark size Specifies the size of end marks of dimension lines.
Text size Specifies the size of text of dimension lines.
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Other picture parameters

Placement of name Defines the position of drawing name on the sheet.

Name font size Defines the font size for the drawing name.

Wizard parameters

The user may specify which defined connections should be considered by the wizard:
Draw connections « drawings are made for all connections defined in the project,

« drawings are made for selected drawings only.

The drawings can be made using:
View parameters « view parameters of the active graphical window,

« view parameters assigned to CAD types.

Whole connection — Frontview | IfON, frontview of the connection is drawn.

Whole connection - Side view | IfON, side view of the connection is drawn.

Parts of connection If ON, drawings of connection parts are generated as well.

Example

The picture below shows the Picture gallery dialogue. The top left window lists the generated drawings for a particular con-
nection. The bottom right window then shows the preview of selected picture.

Picture gallery =i
AinlE ¢6&m BER /Y EEW
Name [ Cre.| CICO End plate s

[ Wizard "steel connections - Cann Scale1: !
------- My connectionsFrant view Side-: 200z Ficture width [mm] 220
------ My connection: Side view: 200z Ficture height [m... 437

=101 x|

I _______ Bt piate 200z Display mode ‘wired |-
------ Backing plate™wzrtuha priruby ¢ 200z
------- Top stiffeter 200z
------ Bottom stiffener 200z

: . End plale— 50
------- “Wwizard "steel connectionzs' - Conn

Ready I_ W I_
M e I Edit | Delete | Cloze L?:

-84-



Output of connections

Document

Inserting a connection drawing into the Document

Any drawing of any connection that is just displayed on the screen may be inserted as a separate drawing into the Docu-
ment. Later the document may be edited in a way so that the final report looks as professional as possible.

The procedure for the insertion of a connection drawing into the Document

1. Adjust the drawing on the screen asrequired.
2. Callfunction Picture to document:

1. using menu function File > Print picture > Picture to document,

]
2. using function Print picture > Picture to document ( =] > ) on toolbar Project
3. Adjustthe parameters of the picture.

4. Confirmwith [OK].

Inserting a table with connection data into the Document

Data related to any connection that has been defined in the project may be inserted into the Document in the form of read-
able tables. Later the document may be edited in a way so that the final report looks as professional as possible.

The procedure for the insertion of a table with connection data into the Document

1. Adjust the drawing on the screen asrequired.
2. Callfunction Table to document:
1. using menu function File > Print data > Table to document,

2. using function Print data > Table to document on toolbar Project
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Relation to other modules

Geometry and internal forces

Module Connections reads from the basic module of SCIA Engineer all the information about:
« geometryincluding cross-sections, materials, dimensions, etc.
« calculated internal forces (on condition that the calculation has been already carried out).

These data are used as the basis for the design and check of individual connections. The user does not have to take care
about the proper definition of load that the particular connection is subject to. The program does it automatically.

Recognition of haunches

If a haunch comes into the connection, the program is capable of recognising such a case. The design of the connection is
then modified accordingly. There is no need to specify explicitly that a particular connection is a connection of beams with
haunches.

The pictures below show the designed connection of a "normal" beam and of a beam with a haunch.

Connection of "normal” beam
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Relation to other modules

Connection of haunch beam

Check of stiffness

The connection is classified as rigid, pinned or semi-rigid according to its stiffness by using the initial rotational stiffness Sj,ini
and comparing this with classification boundaries given in Ref.[1] Figure J.8.

The program calculates the real stiffness of the designed connection and displays it together with other results for the con-
nection. -

Updating the stiffness of calculation model

SCIA Engineer module for design and checking of connections is capable of automatic determination of the connection stiff-
ness. What's more, the program can also use this stiffness as an input data for the calculation of the model.

Thus, the following procedure of accurate analysis of a structure is possible:

creation of the structure model with default, rigid connections of individual members
calculation of the model and determination of "first-round" results

thorough design on connections (i.e. definition of end plates, stiffeners, bolts, welds, etc.)
automatic calculation of stiffness for individual connections

re-calculation of the whole model, this time with proper stiffness of individual connections

final review, checking and generation of printed documentation

Switching the automatic update ON

In order to obtain automatically the stiffness of individual connections in the model, the user must ONLY check item Update
stiffness located in group Side in the property table of the particular connection.

ltem Update stiffness must be checked separately for each connection where the stiffness is required to be used in the cal-
culation.
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Obtaining the results that reflect the connection stiffness

Once the Update stiffness item has been selected for required connections, the calculation of the model MUST be carried
outonce more.

This repeated calculation performs two tasks:

1. itgenerates hinges in appropriate joints and defines their stiffness according to the designed connection,

2. itperforms calculation.

¢ Note 1: The hinges defined automatically in selected connections, remain a permanent
part of the calculation model. Even if the Update stiffness option is cancelled, the already
defined hinges remain in the structure. If the user wants to remove them, he/she must do
so manually.

@

Note 2: If the design of a particular connection has been changed after the re-calculation of
the model, and item Update stiffness for that modified connection is ON, it is necessary to
repeat the calculation once more in order to modify also the stiffness of the automatically
generated hinge.
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