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Anchorage of column with end plate

Introduction

This guide shows how to calculate resistance of column connection to the concrete base using detail with end plate and
haunches. The column is loaded by the axial force Ny= 500kN and bending moment M,= 60kNm. The steel class EN

10025:Fe360 and concrete class C20/25 are used.

Column: b= 150mm, h= 300mm, t,,= 12mm, t;= 16mm

Haunches: twy= 16mm, h,= 90mm, L,= 300mm, L= 50mm, a,= 6mm
Concrete base: b,= 1600mm, ap= 1600mm, hp=1000mm, t,= 30mm
Welds: ay, = 8mm; a, ,= 6mm

End plate: bp=180mm, hy,= 510mm, t,= 30mm, a4= -105mm

Bolts: M24 10.9, wq= 45mm, e= [50,410]mm

Starting a new task

We use a project created in previous tutorials.

il FIN EC 2021 - Steel Cannection [C:\Users\Public\Documents\Fine\FIN EC 2021 Examples\Steel_connection.sce] - m) x

File Edit Entry Options Help
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: [ I8 B
o Add General project data
R & Edit Date : 03/03/2021
Project
offe Joint 1
i Joint2
5 Joint3
Standard
# Edit Standard EN 1993-1-8/Czech Rep..
Section capacity S o = 100
Section resistance when checking stability S = 100
Perforated section capacity vz = 125
Capacity of bolts, welds and plates in bruise vz = 125
Capacity of trusses joints made from closed sections bars @ s = 1.00
Concrete capacity - basic load combination e = 150
Calculation parameters - Global material input
Structure type: Frame with sway mode failure - Structure elements -
Catalogue User defined
Name: EN 10025 : Fe 360
| Applyto all joints

EN 1993-1-8/Czech Rep.

Main screen

We add a new task with the help of the button "Add" at the top of the tree menu

@ FIM EC 2021 - Steel Connection [Ch\Users\PubliciDocurne
File Edit Entry Options Help
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& Edit

Project

Insertion of a new task
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We specify a name ("Column base 1") in the window "Add joint", that appears after the clicking on that button.

Add joint et

® Create new joint

Copy existing joint

Mame: | Column base 1

X Ganee

Input of task name

After the confirmation by the button "OK", the window with main joint types appears. We select column base (in the
middle of the upper row).

Joint types: >

oie e B0

Ally

Choice of detail type

The choice of connection type follows. We select connection with end plate (left option) and confirm the choice by the
button "OK".

Connection type: >

X Conce

Selection of connection type

The initial geometry of the joint appears in the workspace.
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@ FIN EC 2021 - Steel Connection [C:\Users\Public\Documents\Fine\FIN EC 2021 Examples\Steel_connection.sce *]

Eile Edit Entry Options Help
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& Ei8 800 B
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= Add

column base: Stiff end plate

X Remove

Project
bff¢ Joint 1
5 loint2

4 M20 - Bolt 109
IPE 220 - EN 10025 : Fe 360

£S5 Joint 3

& Column hase 1

& Column load

@ Colurmn base
g Column pesition

LUHEH $ plo s

14000

7000 | 7000

-~ Joint geometry T
s Bending capacity : My pa = 95.36 kNm

ﬁg)nint type | }= Connection type | ‘Welds capacity  : Max utilization (133.27%)
) 2 Initial stiffness  : Syini = 28714.55 kNm/rad

~Loads

| Adel |Number Name

Edit
[Eimper -
| Error: 0 Warning: 0 Warning: 1
(%) calculation without check of column section with respect to comb.
of moment and normal force.

%+ Up | 4 Down
EN 1993-1-8/Czech Rep.

Fundamental geometry of column base

The following work is done with the help of the tree menu on the left side of the program. The structure of this menu is
generated according to the specified joint geometry.

i Column base 1

----- gﬁ Column load

----- End plate
----- | Welds

----- Bolts

----- El Results

Inputs organized in the tree menu

We go through all parts from the top to the bottom and modify inputs. The connection to the left flange will be described in
detail. The connection to the right flange would be solved in the same way.

On the main screen of the joint, it is possible to change the specified geometry of the joint (buttons "Joint type" and
"Connection type") and specify list of loads. The load represents a set of internal forces that have to be defined for all
members in the joint (column, beams). These internal forces should be resulting values of certain load combination.
Therefore, they are considered as design values. Number of loads for the joint is not limited. We insert a new load with
the help of the button "Add" in the toolbar on the left side of the loads table. The toolbar also contains buttons for editing
and deletion of loads and also a tool for import of loads including internal forces from *.txt or *.csv file.
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Joint geometry
fi% Joint type [= Connection type
Loads
Il:[',= Add I Mumber Mame
1m|:mrt -

Button for input of new load

The new is specified by a name. The input has to be confirmed by the button "Add".

Mew load 4

Descriptior| Load 1

. ob Add . ¥ Cancel

Window "New load"

As we want to add only one load, we close the window by the button "Cancel" after the input of first load.

Column load

If at least one load is entered, it is possible to switch to the part "Column load" in the tree menu and specify internal
forces for the column. The axial force "Nx" should be 500kN and the bending moment "My" is 60kNm.

Load: Load 1 -
Load values
M, = S00.00 § [kM]
M N..
v, = 0.00 | [kN] ¥
z /t\ VZ

Input of forces

Column base

This mode contains dimensions of concrete base ("by" - width, "ap" - length, "hy," - height) and thickness of grouting "tg".
Choose the material of the column from the catalogue.
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Geometry Material
Column base: Column base:
by = 1600.0 | [mm] User defined
8y = 1600.0 § [mm] Mame: C 20/25
hy = 1000.0 | [mm] Grouting:
Grouting: Catalogue User defined
L = 30.0 | [mm] Mame: C 20/25
Dimensions

Column position

The position of the column relatively to the centre of concrete base and the column pitch can be specified here. We do not
change default values and go to another part.

Column
We specify the column geometry (cross-section, haunches) with the help of the button "Edit section".

Section Material

Edit section

IPE 220 Mame: EM 10025 : Fe 360
Matenal characteristics

fy

.I:

235.0 [MPa]
360.0 [MPa]

[f=]

. 110.0 ;

The button for edit of beam geometry

The window "Column properties” appears. Left part of the window contains input of cross-section, right part input of
haunches. We change the cross-section with the help of the button "New".
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Column properties >

— Column cross-section ————— — Column end

| New || B | A[Ih[

MName: IPE 220

e

2200
=

[ 70k ] 3 Cancel

Buttons for editing cross-section and haunches

The window "Steel section" that appears after the clicking on the button contains an option to select type of cross-
section. We select an option to specify arbitrary dimensions of welded cross-section (the option "Solid welded") and open
the window "Cross-section editor" by pressing the button "OK".

Steel section pod

Section types:

L Solid hot-rolled |

L Solid welded

K Cancel

Selection of cross-section type

We enter the cross-sectional dimensions and confirm the input by the button "OK".

Cross-section editor - Structural steel, solid welded X
Cross-section description bt
name |-cross-section 130x300
comment B i ]
p
Cross-section dimension
cross-section height = 300.0§mm
top flange width by = 150.0fmm
bottom flange width by = 150.0§mm
stem thickness s 12.08mm i
top flange thickness 1y = 16.0fmm -
bottom flange thickness tgi= 16.08mm '§¥
£
T ]
bfb
| Information " QK I |_x Cancel I
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Dimensions of welded cross-section

The button in the part "Column end" opens the window "Column haunches". We select an option "Haunch without
flange" and specify dimensions according to the following figure in the tab "Left haunch". As the column cross-section is
symmetrical, we copy the haunch also to the right flange. We use the dedicated button "Copy to "Right flange"" in the
left bottom corner for this operation.

Column haunches ot
Left haunch | Right haunch
Haunch parameters
| haunch without flange -
B = 16.0 | [mm]
iy = 90,0 | [rmm]
| 5 = 300.0 § [mim]
' t i
: bf]: :
— :
= 50.0
Lt __ : [mm] t; b,
dy = 2.0 § [mm]
I Copy to "Right haunch" I | " OK [ . X _tancel

The button for copying properties

The copy of haunch properties have to be confirmed in a new window.

Cluestion

e Do you really want to copy haunch parameters?

X Conce

Confirmation window for copy of haunch properties

End plate

The input of end plate geometry follows. We open an appropriate window using the button "Geometry adjustment" in the
bottom frame.
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Geometry Material
Geometry adjustment
Dimensions Name: EN 10025 : Fe 360
b, = 140.0 [mm] Material characteristics
h = 3800 [mm _
o [mm] B o= 235.0 [MPa]
o 30.0 [mm] f = 360.0 [MPa]

Openings - single row
Wy = 350 [mm]
The button for editing plate properties

We specify end plate dimensions "by", "hp", "tp", position of end plate relatively to the beam edge "a4", horizontal position
of bolts "w4" and vertical positions of rows. Entered values are shown in the figure below. The input can be done with the

help of input lines in the left part of the window or using active dimensions in the end plate figure in the right part of the
window. The input has to be confirmed by the button "OK".

Edit end plate X
Size Bolts rows-vertically
by, = 180.0 | [mm] Row count i Wiz%3.0
h, = 510.0 | [mm] [mm] i | —rg
f i i =
50.0
tp = 0| mml *| @ -
P11 410.0
[ ]
End plate position E
o
a = -105.0 | [mml ol
o = o
b =
Bolts rows - horizontally = =
T
" - o
[ |
sleps
e, |

bp=180.0 H tp=30.0
X Cancel

Properties of end plate

Welds

Fillet welds all round will be used for the connection of the end plate to the column. Therefore, we select weld type "Weld
all around" and enter the throat thickness for flanges "ay, ' and the throat thickness for the web "ay \". Lengths are

calculated automatically according to the geometry of the cross-section. Arbitrary lengths can be defined using weld type
"User defined weld".
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Weld type

Weld all around -

Weld height and lenagth

A 8,0 | [mm]
150,0
B = 6,0 [ [mm]
263,0
Welds properties

Bolts

The part "Bolts" contains the input of bolt type, dimensions and material. The type and dimension can be specified with
the help of the button "Catalogue" in the part "Bolt type" of the bottom frame. The material can be selected using the

button "Catalogue" in the part "Bolt material".

Bolt type Bolt material
I Catalogue I User defined
Type: M20 Mame: Bolt 10.9
Standard:
Bolts are not prestressed
Shank characteristics Matenal characteristics
Ay = 314.159 [mm;'] f-_,.:. = 900.0 [MPa]
il = 244,794 [mma] R = 1000.00 [MPa]
d = 20,0 [mm]
dy = 22.0 [mm]

Buttons for input of bolt type and material

We select bolt type "Glued bolts in drilled sleeves" and the diameter "M24". The window has to be closed by the button
"OK".

10
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Catalogue of anchorage bolts b4
Bolt type Bolt | Mut | Washer
| Glued bolts in drilled sleeves -
Unfinished hexagonal nuts -
Bolt thread: IMM o I
Shank length: 700.0 | [mm]
Thread length: j 100.0 | [mm]
Bolt washer
+| Consider washers
Unfinished washers -
Titles Glued bolts in drilled sleeves Mame of Standard
Remarl:

Information 3 Cancel

Properties of anchoring bolts

We choose the material "Bolt 10.9" in the window "Materials catalogue" and confirm the input by the button "OK".

Materials catalogue - Bolt material >

Bolt 4.6
Bolt 4.8
Bolt 5.6
Bolt 5.8
Bolt 6.2
Bolt 8.8
Bolt 10.9

Information " OK ¥ Cancel

Selection of material

Results

The total results are displayed in the right part of the bottom frame. They contain maximum utilization, the decisive load
and connection and also brief results for decisive load.

Owerall check : PASS (77.94%)

Decisive load :L1- Load

Bending capacity @ My pg = 23040 kNm (26.04%)
Welds capacity : Max utilization (31.89%)
Haunches capacity : Max utilization (77.94%)
Initial stiffness t Sjini = 31018.47 kMNm/rad

Overall results

11
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Th detailed results for particular components are displayed in the mode "Results". These results contain detailed bearing
capacities and decisive components. The results can be displayed for all entered loads. Available is also an option "Zero

load". In this case, maximum bearing capacities for all components are displayed.

Results for loads:

L1-Load 1 - |
Bending capacity

Decisive component : Base plate in bending

Analysis : My pg = 230,40 kNm > My, gq = 60.00 kMm PASS
Welds capacity

Critical point  : web b, h,

Max utilization : (531.89%

Haunches capacity

Left haunch (77.94%) PASS

Bending capacity : My pg = 151.29 kNm (18.45%)
Shear capacity tWzpg = 65125 kN (77.94%)
Welds capacity @ Max utilization (36.783%)
Right haunch (39.20%) PASS

Bending capacity : My pg = 188.12 kNm (8.11%)
Shear capacity :Vzra = 651.25 kN (39.20%)

The button for scheme of forces in contact joint

=H| B

The button on the right side of the load list (can be seen in the figure above) is able to open a scheme of contact joint with

distribution of forces.

Internal forces distribution in contact joint

Ft=507.61 kM
>

1913

1391

e

Fe=1007.61 kN

|

Pt

Distribution of forces in the contact joint

12
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Steel column anchored in concrete footing

Introduction

Calculate the capacity of steel column - concrete footing connection. The steel column is anchored in the concrete footing.
The depth of the anchorage is 600mm and the column is located in the centre of the footing. The values of internal forces
acting in the connection are: Ny = 694kN, M), = 140kNm V; = 80kN. The material of the column is steel EN 10025: Fe360

and the footing is made of concrete grade C20/25.

Column: HE 240B
Footing:  bp= 1600mm, ap= 1600mm, hp= 1000mm
End plate: bp=280mm, h,= 280mm, t,= 30mm

Creating new project

New connection to the project can be added by clicking the button "Add" in the main dialogue window. The "Add joint"
dialogue window will appear, change the joint name to "Concrete footing 2" and confirm by clicking the button "OK".

Add joint X

® Create new joint

Copy existing joint

Name: Column base 2

X Concel

Creating new joint

Next, the "Joint types" dialogue window will open automatically, choose the preferred type of joint. In this example, it is
the column - footing joint.

Joint types: X

OIE == Oe

Al

= Next X Cancel

Joint types

Continue by clicking the button "Next", the dialogue window with the types of connection will appear. Pick the option,
where the column is anchored in the concrete footing.

13
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Connection type: X

VOK || X Cancel

Column - footing connections

When this input is defined, the software will create new task named "Concrete footing 2" at the left side of the main
dialogue window.

@8 FIN EC 2021 - Steel C ion [C:\Users\Public\D \Fine\FIN EC 2021 Examples\Steel_connection.sce *] — o X
File Edit Entry Options Help

DE&-'-i8 ¢

dp Add

N~ Bb

ﬁ Undo

File

column base: Embedded column

X Remove

B Project

ofja Joint 1

S, Joint2

5 Joint 3

& Column base 1
g Column load
@ Column base
|& Column position
I Column
E Results

IPE 220 - EN 10025 : Fe 360

7000

SRR A I Ol
|

7000

7000 Il 7000

1400.0

Joint geometry " g
; Bending capacity : My rg = 77.57 kNm
fi§ Joint type I Connection type Axial capacity  : Nyrg = 1400.00 kN
— Loads -
dpk Add | [Number| Name
Remove

Edit

Import |+

4 Up
EN 1993-1-8/Czech Rep.

Main dialogue window for task "Concrete column 2"

Defining properties of the connection

The connection properties are defined in the control tree under the task "Concrete column 2". Every connection has it's
own control tree.

h Column base 2
.4 Column load

@ Column base

...... [€ Column position

. I Column

.. Results
Control tree for the selected task

Load cases

First, create new load case by clicking the button "Add" in the "Loads" section.

14
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Loads
ge Add ‘Number Name \
X Remove
# Edit
Import X

Adding new load case to the task

The dialogue window, with name of the new load case will appear. Keep the name "Load 1" and continue.

New load X

Descriptior| Load 1

%r Add ¥ Cancel

Name of the new load case

Column load

The column load values are defined in the "Column load" section in the control tree. The "Load values" are N, = 694kN,
My = 140kNm V, = 80kN.

Load: Load 1 v
Load values
N, = 694.00 | [kN]
M, Nx
vV, = 80.00 | [kN] ¥ /t\.
23V,
M, = 140.00 | [kNm] “|

Defining load values

Column base

In this section, define the values of the concrete footing geometry and material. When the geometry is changed, the
graphical preview of the footing will automatically re-generate its dimensions.

15
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Geometry Material
Column base: Column base:
b, = 1600.0 | [mm)] Catalogue User defined | (%]
3 = 1600.0 | [mm] Name: C 20/25
hy = 1000.0 | [mm] Grouting:
Catalogue User defined | | [*]

Column position

[mm]

A =
Name:

Geometry and material of the footing

Now, insert the anchorage depth of the steel column in the concrete footing, h, = 600mm.

Joint position

L, =

L,

Column

Define the cross-section of the column by clicking the button "Edit section" and the dialogue window "Column

properties" will appear.

0.0

0.0

600.0

[mm]
[mm]

[mm]

The joint position

Section Material
Edit section =] Catalogue User defined
HE240B Name: EN 10025 : Fe 360
T ! ‘\';‘( I
§ Y Base plate

5)0.0 b, = 280.0 ] [mm]
'C:i y . hy = 280.0 | [mm]

S L S ]
il 2400 ] t, = 30.0 | [mm]

A

The column and the end plate dimensions

16
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The dialogue window "Column properties" shows the preview of the cross-section. The supported types of steel columns
are "welded" or "hot-rolled". The predefined type is "hot-rolled", therefore just click the "Edit" button and the catalogue
with the cross-sections will appear.

Column properties X
Column cross-section Column end

R

Name: IPE 220

——

2200

e

Cross-section of the column

In the dialogue window "Profile catalogue" pick the profile class "Cross-section HE" and choose the profile "HE 240 B".
Continue by clicking the "OK" button.

Profiles catalogue %
Profile class Profile -
Cross-section I(IPN) A |HE200M A |
Cross-section IE HE 220 AA N /'
Cross-section IPE HE 220 A
Cross-section HE HE2208B
Cross-section HL HE220 C
Cross-section HD HE 220 M
Cross-section HP HE 240 AA §
Cross-section W HE 240 A N
Cross-section UB HE2408B
Cross-section UC HE 240 C 0.0
Cross-section J HE 240 M 1
Cross-section UBP w| |HE 260 AA v Q -/ k
Standard Euronorm 53-62, DIN 1025-2 J | I |
Source ArcelorMittal, Ferona Y
L 240.0 L
4 A
Information < OK % Cancel

Column profile catalogue

Results

The overall results can be seen at the right-bottom section of the main dialogue window. It shows the capacity of the
connection for the least favourable load case. The overall results show that the moment capacity of the connection is
My ra= 162,14kNm (utilization 92.02%) and normal force capacity Ny rq= 2090,67kN (utilization 33.2%). The detailed

results for every load case can be shown by selecting the section "Results" in the control tree.

17
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a FIN EC 2021 - Steel Connection [C:\Users\Public\Documents\Fine\FIN EC 2021 Examples\Steel_connection.sce *] = a
File Edit Entry Options Help
» 5
De-Biee;n &
T 3 = Undo o =|
<F Add [C}
X Remove Q
Project Q
¢ Loint 1 ) HE 240 B - EN 10025 : Fe 360 q
iS loint2 ’i" 8
S Joint 3 =
& Column base 1
dh Column base 2 =
9 Column load Q — 8
@@ Column base 2
|& Column position
I Column
‘B Results 8
=3
1600.0
Results for loads: r
= | Overallcheck : PASS (32.02%)
[L1-Load1 ~| B (@ Decisive load :L1-Load 1
Bending capacity : Myrg = 152.14 kNm (92.02%)
Bending ity Axial capacity  : Nypg = 2090.67 kN (33.20%)
Decisive component : Column wall in shear
Analysis :Myga = 15214 kNm > My g4 = 140.00 kNm PASS
Axial capacity
Analysis : Nxrg = 2090.67 kN > Ny gg = 694.00 kN PASS
4 Up & Down
EN 1993-1-8/Czech Rep.

The main dialogue window with results
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