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1 INTRODUCTION

Within the RFCS project Robustimpact an experimental campaign, aimed at investigating
the behaviour of framed steel and concrete composite structures under accidental loading
conditions, was planned.

The residual strength of the damaged member after an impact as well as the dynamic
interaction of the member with the surrounding structure will be experimentally investigated.
The activation of alternate load paths will be also studied through tests on 3D slab and 2D-
beam systems. Additional tests on compaosite joints, beam-to-column joints, column bases
and T-stub tests under high speed loading and impact loading will contribute at investigating
the influences of strain rate effect on the deformation capacity of the connections.

The partners involved in the experimental activities are:
- University of Stuttgart (USTUTT);

- University of Liege (ULQ);

- Universita degli Studi di Trento (UTRE);

- University of Aachen (RWTH).

This document collects the drawings prepared by the above mentioned partners for
producing the test specimens.

The document is divided in four parts (parts A-D) each of them related to the contribution of
one of the partners. In particular:

- Part A is related to the contribution from the University of Stuttgart;

- Part B refers to the contribution from the University of Liege;

- Part C collects the contribution from the Universita degli Studi di Trento;
- Part D is related the contribution from the University of Aachen.

The four parts are in the following collected.
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2 INTRODUCTION

Within the experimental tests planned to investigate at University of Stuttgart 6 test will be
performed.

4 tests will be performed on composite joint tests with the objective to investigate the
behaviour of the joint under high speed loading and the influence of the strain rate effect on
the joints. The composite joint tests will be divided as follows:

e Two tests on positive moment joints
e Two tests on negative moment joints

Within these four tests two different speed loads will be investigated each for positive and
negative moment joint respectively.

Additionally, two tests on 2D frames will be investigated at University of Stuttgart.

The detailed drawings for production of the test specimens are prepared by University of
Stuttgart and sent to Arcelor Mittal.

In the following the pieces to be produced by Arcelor Mittal are reported, while the drawings
are given in the Annex.
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3 COMPOSITE JOINT TEST SPECIMENS

3.1 Joint tests series 1

Two test specimens for the positive composite joint tests (series 1) have to be produced.

Therefore the following material is needed:

Test series 1 Material Dimensions Number of pieces
IPE 240 S355 2.675m 4
HEB 220 S355 0.700 m 2
Endplate S355 260 * 150 * 10 mm 4
Steel plate P1 S355 700 * 450 * 30 mm 4
Steel plate P2 S355 350 * 350 * 20 mm 8
Steel plate P8 S355 250 * 200 * 5 mm 16

3.2 Joint tests series 2

Two test specimens for the positive composite joint tests (series 2) have to be produced.

Therefore the following material is needed:

Test series 2 Material Dimensions Number of pieces
IPE 240 S355 2675m 4
HEB 220 S355 0.700 m 2
Endplate S355 260 * 150 * 10 mm 4
Steel plate P1 S355 700 * 450 * 30 mm 4
Steel plate P2 S355 350 * 350 * 20 mm 8
Steel plate P8 S355 250 * 200 * 5 mm 16
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3.3 Test setup for joint tests

The test setup for the joint tests can be used for all the tests of both joint test series.

The following material is needed:

Test setup 1 Material Dimensions Number of pieces
HEB 220 S355 0.754 m 2
Steel plate P3 S355 320 * 220 * 20 mm 4
Steel plate P4 S355 220* 220 * 20 mm 4
Steel plate P5 S355 270* 220 * 20 mm 2

Test setup 2 Material Dimensions Number of pieces
Steel plate P6 S355 350 * 300 * 20 mm 4
Steel plate P7 S355 350 * 350 * 30 mm 2

Page 7




Page 8 Robustimpact — Robust impact design of steel and composite building structures

4 FRAME TEST SPECIMENS

Two test specimens for the 2D frame tests have to be produced.
Therefore the following material is needed:

Frame tests Material Dimensions Number of pieces
IPE 240 S355 4760 m 4
IPE 240 S355 1.675m 4
HEB 220 S355 0.700 m 2
HEB 220 S355 1.300 m 4
Endplate S355 260 * 150 * 10 mm 12
Steel plate P1 S355 700 * 450 * 30 mm 4
Steel plate P2 S355 350 * 350 * 20 mm 8
Steel plate P8 S355 250 * 200 * 5 mm 16
Test setup 1 Material Dimensions Number of pieces
HEB 220 S355 0.754 m 2
Steel plate P3 S355 320 * 220 * 20 mm 4
Steel plate P4 S355 220 * 220 * 20 mm 4
Steel plate P5 S355 270 * 220 * 20 mm 2
Test setup 2 Material Dimensions Number of pieces
Steel plate P6 S355 350 * 300 * 20 mm 8
Steel plate P7 S355 350 * 350 * 30 mm 4
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5 ANNEX: DRAWINGS FOR PRODUCING THE TEST SPECIMENS
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6 INTRODUCTION

In the test campaign planned at the University of Liege, 44 impact tests will be conducted:
- 22 on beam-to-column joints
- 22 on column bases

These assemblies will be impacted by a mass dropped from a certain height.

The aim of these tests is to observe the ability of the joints to absorb energy by plastic
deformation.

The 22 tests on beam-to-column joints are divided as follows:

- 5 for which the failure will develop in the end-plate in bending (1 static test and 4
impact tests with 4 different level of energy) (“EPB")

- 5 for which the failure will develop in the column flange in bending (1 static test and 4
impact tests with 4 different level of energy) (“CFB”)

- 4 for which the failure will develop in the beam flange in compression (1 static test
and 3 impact tests with 3 different level of energy) (“BFC”)

- 4 for which the failure will develop in the column web compression (1 static test and 3
impact tests with 3 different level of energy) (“CWC")

- 4 for which the failure will develop as in a real joint, activating 2 different components
(1 static test and 3 impact tests with 3 different level of energy) (“Real joint”)

The 22 tests on column bases are divided as follows:

- 6 tests for which the failure happens in the concrete, in a ductile mode
(“duct_conc_1")

- 6 tests for which the failure happens in the concrete, in a ductile mode
(“duct_conc_2")

- 5 tests for which the failure happens in the concrete, in a fragile mode (“frag_conc_1")
- 5 tests for which the failure happens in the steel end-plate (“duct_steel”)

The detailed drawings for the production of the specimen have been produced by ULg and
sent to ArcelorMittal.

In the following sections, a list of the pieces to be produced is given. All the drawings are
reported in the annexes.
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7 BEAM-TO-COLUMN JOINTS

7.0 Supports

Drawing A.0.1
Description Nur_nber of
pieces
Steel plates 300x300x30 4
7.1 EPB (5 specimens)
Drawings A.1.1 --> A.1.3
Description Number of
pieces
Steel beam profile 10
IPE180, length: 730 — Steel S355 10
End-plate: 210x120x8 — Steel S355 10
Stiffeners : 164x34x20 — Steel S355 2*2*5=20
Plates: 110x200x30 — Steel S355 2*5=10
Steel column profile 5
HEB140, length: 460 — Steel S355 5
Repartition plate: 130x140x50 — Steel S355 5

Joint

Bolts M16, 10.9

4%2*5 = 40
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7.2 CFB (5 specimens)

Drawings A.2.1 --> A.2.3

Description Number of
pieces
Steel beam profile 10
IPE180, length: 730 — Steel S355 10
End-plate: 220x120x18 — Steel S355 10
Reinforcement plate (beam flange): 150x79x6 — Steel S355 10
Stiffeners : 164x34x20 — Steel S355 2*2*5=20
Plates: 110x200x30 — Steel S355 2*5=10
Steel column profile 5
HEB140, length: 460 — Steel S355 5
Repartition plate: 130x140x50 — Steel S355 5
Joint
Bolts M16, 10.9 4%2*5 = 40
7.3 BFC (4 specimens)
Drawings A.3.1 --> A.3.3
Description Nur_nber of
pieces
Steel beam profile 8
IPE180, length: 730 — Steel S355 8
Stiffeners : 164x34x20 — Steel S355 2*2*4=16
Plates: 110x200x30 — Steel S355 2*4=8
Steel column profile 4
HEB140, length: 460 — Steel S355 4
Repartition plate: 130x140x50 — Steel S355 4
Stiffeners: 116x54.5x12 — Steel S355 2*2*4=16
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7.4 CWC (4 specimens)

Drawings A.4.1 --> A.4.3

Drawings A.5.1 --> A5.3

Description Nur_nber of
pieces
Steel beam profile 8
IPE180, length: 710 — Steel S355 8
Stiffeners : 164x34x20 — Steel S355 2*2*4 = 16
Plates: 110x200x30 — Steel S355 2*4=8
Steel column profile 4
IPE180, length: 540 — Steel S355 4
Repartition plate: 170x91x50— Steel S355 4
Stiffeners: 164x34x10 — Steel S355 2*4=8
7.5 Real joint (4 specimens)
Description Number of
pieces
Steel beam profile 8
IPE180, length: 730 — Steel S355 8
End-plate: 210x120x15 — Steel S355 8
Stiffeners : 164x34x20 — Steel S355 2*2*4 =16
Plates: 110x200x30 — Steel S355 2*4=8
Steel column profile 4
HEB140, length: 760 — Steel S355 4
Repartition plate: 130x140x50 — Steel S355 4
Joint
Bolts M16, 10.9 2%4%4 = 32
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8 COLUMNBASES

8.0 Mass

One masse needed, drawing B.0.1, used for all the tests (minimum weight: 75 kg)

8.1 duct_conc_1-duct _conc_2-frag conc_1

The difference between these 3 configurations is in the scheme of reinforcement, not given

here.
Description Nur_nber of
pieces
Steel profile 6+6+5 =17
HEB140, length: 1000 — Steel S355 17
Stiffener: 116x54.5x30 — Steel S355 17%2=34
Joint
End-plate: 300x200x30 — Steel S355 17
Bolts M24, 10.9 4*17 = 68
Embedded plate: 300x200x30 — Steel S355 with studs (drawing 17
B.1.4) and treaded bars welded on it (drawing B.1.3)
8.2 duct_steel
Description Number of
pieces
Steel profile 5
HEB140, length: 1000 — Steel S355 5
Stiffener: 116x54.5x30— Steel S355 5*2 =10
Joint
End-plate: 260x150x10 — Steel S355 5
Bolts M12, 10.9 4*5 =20
Embedded plate: 300x200x30 — Steel S355 with studs (drawing 5

B.1.4) and treaded bars welded on it (drawing B.2.3)
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9 ANNEXA: BEAM-TO-COLUMN JOINTS

9.0 Supports

Only piece A has to be provided (x4)

| )
| Piece A
— Piece A

Piece A (x4)

ol

0 = }
A.0.1
9.1 EPB (x5)
Fillet welds = mji
Beam 1 é Beam 1

e e

E5 B £

A.1.1: General configuration (x5)

‘_O

Fillet welds af = 5 mm

.

Fillet welds aw = 3 mm

=
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- 30

— e 32
130, v
Fillet welds =5 mm ()
O
i i i H
o o I
® || © oo I
= = I /@ﬁ
rhLy L 1 }l
i = ]
i < I
0 e
i i I
o o I
o) 0 I
ro |
A.1.2: Column 1 (x5)
0o
140, 562 - 8 ‘_1
Fillet welds = 5 mm f—
R D } 018
Beam 1 E %
] ~ ieRo
| Fllllet welds = 5 mm 1 1 i A
~ 154 95 111
- 2001, &
120,
10
— .-=55|=-.
s W
o =
ol W
N —
| 1 2
|
NP
™

A.1.3: Beam 1 (x10)
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9.2 CFB (x5)

Fillet welds = f mm
T ﬂ Fillet welds = 4 mm
T E | 5“ >
Beam 2 = Beam 2 ‘ i ‘ Fillet welds aw = 3 mm
M 8 e MEEMC
%H# n L Fillet weldsaf =5 mm
| |

mE e

B—=

A.2.1: General configuration (x5)
A.2.2: Column 1 (x5) --> confer drawing A.1.2

illet welds = 5 mm | ]
< O
Beamn 2 ‘
Fillet welds = 5 'Omj i
illet welds =5 mm
#nm!mnmmllj
ary I LI, ] —

A.2.3: Beam 2 (x10)
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9.3 BFC (x4)

i

Fillet welds = ? mm

Fillet welds af = 5 mm

Beam 3 Beam 3 Fillet welds aw = 3 mm

5

e

Column 2

A.3.1: General configuration (x4)

Fillet welds = 5 mm

Stiffeners: E g

[
-—

Fillet welds = f mm

A.3.2: Column 2 (x4)
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Fillet welds =5 mm

Beam 3
Fillet welds = 5 mm
LT ] U 1
L
o
A.3.3: Beam 3 (x8)
9.4 CWC (x4)

Fillet welds = 5 mm

[F—

Fillet welds = |5 mm

|

Fillet welds ar= 5 mm

Beam 4 Beam 4 JL Fillet welds aw =3 mm

e =

A.4.1: General configuration (x4)

. 180 .

Column 3
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Fillet welds = 5 mm

- 164 _
stiffeners: E,.....,....,.....,.,..E i

LD
I:"::I.-
o
)
- 170 _
Fillet welds = ? mm
A
m
3 S
Lo
1
| i
-
-1 =
| ¥
A.4.2: Column 3 (x4)
140, 550 .
illet welds = 5 mm
.20
Beam 4 %
¥ Fillet welds = 5 mm
[ I I
25111 b .154
11q -—200
-20
I o= 14
O =
O Ww
| <
| F 2
|
o
(

A.4.3: Beam 4 (x8)
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9.5 Real joint (x4)

Fillet welds = 5 mm

Beam 5

Column 1

Beam 5

=

T

A.5.1: General configuration (x4)

A.5.2: Column 1 (confer drawing A.1.2) (x4)

Fillet welds = 5 mm

Fillet welds =5 mm

Beam &

|
M LI ]

A.5.3: Beam 5 (x8)

Fillet welds af= 5 mm

Fillet welds aw = 3mm
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10 ANNEX B: COLUMN BASES

10.0 Mass
A B Section AA Section BB
B 0 =
i - S
0 150
A
B.0.1

(around 75 kg)
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10.1duct_conc_1—-duct_conc_2—frag _conc_1

Fillet welds af =7 mm
Fillet welds aw = 4 mm

End-plate

@

Embedded plate

End-plate

Beam 1

B.1.1 General view of the specimen

Beam 1

B.1.2 Beam 1

Embedded plate

[

-

-

I>

Studs Threaded bars

B.1.3 Embedded plate

EE] Fillet welds = 5 mm
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d, I, hs' ds d,' h, | Artikel-Nr. * Masse | Keramikring Bolzenhalter
Part-no. Mass Ceramic ferrule Chuck
No. d'article Poids Bague réfractaire | Mandrin
No. articulo Peso Ceramica Porta esparrago
kal100
19 50 6 2 23 | 10 [017-0001-001 | 16.11
60 017-0002-001 | 182
75 017-0004-001 | 21,67
80 017-0005-001 | 227
90 017-0006-001 | 254
100 017-0007-001 | 27,23
125 017-0008-001 | 32,80
150 017-0010-001 | 38,35 UF 19
175 017-0011-001 | 43,93 &N 18) 350-0060-000
200 017-0012-001 | 49,49
225 017-0031-001 | 55,06
250 017-0079-001 | 60,62
275 017-0037-001 | 66,18
300 017-0079-001 | 71,75
350 017-0082-001 | 82,88
400 017-0032-001 | 94,01
525 017-0034-001 | 12183
22 50 5 35 2 | 10 [017-0040-001 20
75 017-0042-001 | 28,44
~—ds —— ha 90 017-0043-00 28
100 017-0044-001) | 3590
o i i B R T DIr-0047 001 | 43,35
¥ 150 017-0048-001 | 50,82
175 017-0049-001 | 58,28
Iz 200 017-0050-001 | 65,74 tLSJ; g] 350-0061-000
: 225 017-0060-001 | 73.20
250 017-0058-001 | 80,66
ha 300 017-0074-001 | 95,58
S— 350 017-0101-001 | 11050
— ¥ 400 017-0102-001 | 12542
Gidi Oda 450 017-0105-001 | 14034
— - — 525 017-0086-001 | 16272
B.1.4 Studs

Studs KOCO SD, DIN EN ISO 13918 (n° of the article:

10.2duct_steel

di1 =22 mm

ds =35 mm

dz =29 mm

hz =10 mm
hs =6 mm

[, =100 mm
Embedded plate

— End-plate

017-0044-001)

Beam 2

B.2.1 General view of the specimen
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Fillet welds af = 7 mm
Fillet welds aw =4 mm

| T
i:]m Seam 2 ‘ égj: Fillet welds = 5 mm
End-plate
B.2.2 Beam 2
@ @ Ly ——— 1 \'\)\%(3
o © [ " 71

Embedded plate

B.2.3 Embedded plate
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11 INTRODUCTION

The tests' campaign planned by the Universita degli Studi di Trento (UTRE) comprises of:

2 full-scale tests on specimens representative of steel and concrete composite structures.
At this aim two steel and concrete composite structures, characterised by the same overall
dimensions, have been designed. One of the two structures is characterised by a
symmetric configuration of the columns, i.e., the position of the columns defines a square
grid (symmetric structure). An asymmetric configurations of the columns in one direction
characterises the second structure (asymmetric configuration).The same steel profiles,
connections and slab thickness have been considered for both the structures. The main
difference between the two configurations lies in the rebars (diameter and layout) of the
slab.

From the reference structures two representative substructure characterised by the same
overall dimensions but by a symmetric and an asymmetric configuration, respectively, have
been identified. The substructures will be built in laboratory (Figs.1.1 and 1.2) and tested
reproducing the collapse of a central column. The aim of the tests is to investigate the
influence of the biaxial membrane effect associated with the concrete slab in a framed
structure when the collapse of a column happens.

20 tensile tests on T-stubs related to the beam-to-column joint adopted in the reference
structures and in the full-scale specimens. T-stubs associated to both the column (10
specimens) and the end-plate (10 specimens) will be tested. The tests will be performed at
two different speed loading aiming at investigating the influence of strain rate effects on the
joint deformation capacity. As a reference also quasi-static tests will be carried out.

[ T ] j j f
i3 [ . i3
_f
. o Bl
] T
. _ |
5
~
[ ] 3
[ > 0%
B
[ T
[
I
S
o oo '\..
Te]
e =
I~
| |
L 5,70m L 5,70m L

I I I
Figures 1.1: Symmetric full-scale specimen.
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Figures 1.2: Asymmetric full-scale specimen.

The drawings for the production of the specimens have been produced by UTRE and sent to
ArcelorMittal, to local fabricators and to local companies, depending on the material to be
provided.

In the following sections, a list of the pieces to be produced is given. All the drawings are
reported in the annexes A-D.
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12 FULL-SCALE TESTS

12.1 Steel components

Table 2.1 summarises the steel components needed for the construction of steel skeleton of
the full-scale specimens.

Table 2.1: Summary of the steel components for the steel skeleton of the full-scale specimens.

NUMBER OF| SPEC. CONFIGURATION
DESCRIPTION DRAWING NAME PIECES Symmetric \ Asymmetric
Summary of the steel components FST 01 - X X
COLUMNS TYPE 1
Steel profile HEB220 length 5500mm | FST02-09 | 18 \ X \ X
Steel plate type B 400x400x30mm | FST 03-09 | 18 \ X \ X
Steel plate type C 220x220x20mm |  FST03-09 | 18 \ X \ X
Column assembly FST 09 - X X
BEAMS
Beam type 1
Steel profile IPE240 length 5460mm FST 04 12 X X
Beam type 2
Steel profile IPE240 length 5670mm FST 05 6 X
Beam type 3
Steel profile IPE240 length 7095mm FST 06 3 X
Beam type 4
Steel profile IPE240 length 4246mm FST 07 3 X
Beam type 5
Steel profile IPE240 length 1500mm FST 08 6 X X
FST 03-04-05-06-
Steel plate type A 07-08 54

Figures 2.1 and 2.2 provide a plan view of the two full-scale specimens (steel skeleton) which
allows identifying the position of the various steel components.

The drawings for the production of the profiles needed for the steel skeleton of both the
specimens (Annex A) have been produced by UTRE and sent to ArcelorMittal.
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Figures 2.1: Steel profiles for the symmetric full-scale specimen.
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Figures 2.2: Steel profiles for the asymmetric full-scale specimen.
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12.2 Restraints

In order to reproduce the effect provided by the remaining part of the structure and the base
connections, the specimens will be restrained to both the floor slab and the vertical walls of
the laboratory. Ai this aim suitable restraints were identified trough FE numerical investigations
and accordingly designed. Furthermore, the columns of the specimens, at their upper ends,
will be connected together in order to reproduce the effect provided by the levels of the
structure above the one considered in the tests.

Figures 2.3-2.5 allow identifying the position of the restraints.

The main drawings related to the restraints are summarised in Table 2.2 and collected in
Annex B. The drawings for the production of the restraints (Annex B) have been produced by
UTRE and sent to local fabricators.

7
’ ° ° ° ° nTop restraint ° ° o o o o o o /
Re systerln \ N %
o o o o o o o o o o 0 o /
o o] o o] o o o o o o . N %
%
g
" _ %
Column base restraint LateraLyIR;)ZSgralnt /
° ° ° ty‘?e ’ °e ? o o o o o o %
\ /
“ Column base restraint ! e 8 Columntk;)/zseelrestraint ) Z
/ o o o o Q o o o o o \ o Z

Figures 2.3: Restraints configuration for the full-scale specimens.

Table 2.2: Summary of the restraints

SPECIMEN'S
DESCRIPTION DRAWING NAME NUMBER OF CONFIGURATION
PIECES . .
Symmetric \ Asymmetric

RESTRAINTS AT THE COLUMN'S BASE

Column Base Restraint type 1 | CBR1 \ 8 | X \ X
Column Base Restraint type 2 CBR2 1 X X
LATERAL RESTRAINTS
Lateral Restraint type 1 | LR1 \ 1 | X \ X
Lateral Restraint type 2 | LR2 \ 2 | X \ X
Lateral Restraint type 3 LR3 1 X X
TOP COLUMN RESTRAINTS
Top connection type 1 | TC1 \ 1 | X \ X
Top connection type 2 | TC2 \ 4 | X \ X

Top connection type 3 | TC3 \ 4 | X \ X
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Figures 2.4: Restraints for the symmetric full-scale specimen.
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Figures 2.5: Restraints for the asymmetric full-scale specimen.

|
Lateral Restraint

type 2

Top
Connection
type 3

Top
Connection
type 2

Top
Connection
type 3




Robustimpact — Robust impact design of steel and composite building structures Page 63

12.3 Rebars

The reinforcement of the slabs of the two full-scale specimens is realized with an
electrowelded wire mesh located on both the upper and the lower sides of the slab and
additional rebars added where required by the design calculations.

A summary of the reinforcement needed for the slabs of the two full-scale specimens is
reported in Tables 2.3-2.7. In detail:

= Tables 2.3 summarises the electrowelded wire mesh required for both the specimens;

= Tables 2.4 and 2.5 list the additional rebars for the symmetric specimen, for the lower and
the upper side, respectively;

= Tables 2.6 and 2.7 collect the additional rebars for the asymmetric specimen, related to the
lower and the upper side, respectively.

A detailed description of the layout of the rebars for both the specimens is presented in Annex
C.

Tables 2.3-2.7 and the drawings of Annex C have been sent to a local Company for their
production.
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Table 2.3: Summary of the electrowelded wires for the full-scale specimens (symmetric and asymmetric

configuration).
ELECTROWELDED WIRES
MESH TYPE 1
9 @6 26 a6 @6
210
@10
10
@10
@10
@10
o 710
S 10
M- 210
= 710
210
@10
10
@10
@10
@10
10 1025 3450 1025
5500
N° panels Dimensions Nominal unitary weight Nominal total weight
mm kof kof
22 5500x2300 57,882 1273
MESH TYPE 2
9 6 @6 6 @6 @6 @6 @6
@10
@10
210
@10
210
210
o @10
gl 4 @10
™| x 710
i 210
@10
210
@10
@10
210
@10
0 1000 5x1000 1000
« 7000
N° panels Dimensions Nominal unitary weight Nominal total weight
mm kof kof
62 7000x2300 74,493 4619
MESH TYPE 3
@10 @10 @10 @10 @10 @10 @10
?10 @10 @10 @10 @10 @1 @10 @10
] 35 15
g 0 (
@6 °
2 60
(5]
o a6
3
25 14x150 . 25
2150
N° panels Dimensions Nominal unitary weight Nominal total weight
mm kof kof
44 2150x1300 12,976 571
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Table 2.4: Summary of the rebars for the symmetric configuration - Lower side

SLAB REBARS - LOWER SIDE - SYMMETRIC CONFIGURATION

Position Shape Diameter | Length Qua[ltlty Nominal weight
mm mm n kgf
Pos. C y 2400mm 10 2400 22 33
Pos. D y 2400mm 10 2400 8 12
Pos. E y 2400mm 10 2400 30 44
Pos. F L 2400mm 10 2400 8 12

A

Total nominal weight (kgf) 153

Table 2.5: Summary of the rebars for the symmetric configuration - Upper side

SLAB REBARS - UPPER SIDE - SYMMETRIC CONFIGURATION

Position Shape Diameter | Length | Quantity Nominal
mm mm n° kgf
£
Pos.A | ERC——— 10 3000 28 52
o 1450mm
E
Pos.Gl | E 16 3500 3 17
< L 1548mm
/|
Pos. G2 E
< I [ 16 3200 3 15
“ _  1502m
/|
Pos. H L 3000mm 16 3000 24 114
A
Pos. | L 3000mm 16 3000 48 227
A
Pos. L L 2400mm 10 2400 92 136
A
Pos. M L 3000mm 16 3000 12 57
A
Pos. N L 3000mm 16 3000 44 206
A
Pos. O y 2400mm 10 2400 35 52
A
Total nominal weight (kgf) 878
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Table 2.6: Summary of the rebars for the asymmetric configuration - Lower side

SLAB REBARS - LOWER SIDE - ASYMMETRIC CONFIGURATION

Position Shape DialTr:ter Lenrzgth Quar:?tity Nominsglﬁweight

Pos. C L 4700mm 10 4700 41 119

Pos.D | 2400mm 10 2400 8 12

Pos.E | 2400mm 10 2400 21 31

Pos. F ¥ 2400mm 10 2400 8 12

Pos. G ¥ 8500mm 10 8500 8 42

Pos. H L 6000mm 10 6000 76 281
Total nominal weight (kgf) 527

Table 2.7: Summary of the rebars for the asymmetric configuration - Upper side

SLAB REBARS - UPPER SIDE - ASYMMETRIC CONFIGURATION

Position Shape Diameter | Length | Quantity Nominal
mm mm n° kgf
£
Pos.A | ERC——— 10 3000 28 52
oy 1450mm
Pos. | L 3000mm 16 3000 40 189
A
Pos. L y 2400mm 10 2400 98 145
A
Pos.M | 4000mm 16 4000 12 76
A
Pos.N | 4000mm 16 4000 45 284
A
Pos. O L 3000mm 10 3000 35 65
A
£
Pos. P1 EI [ 16 3500 3 17
< 1548mm
/|
Pos. G2 E
SI [ 16 3200 3 15
“ 1502m 5
7 A
Pos. Q y 3000mm 16 3000 24 114
A
Total nominal weight (kgf) 957
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13 T-STUB TESTS

The tensile tests on T-stubs will be related to the beam-to-column joints adopted in the
reference structures and in the full-scale specimens. A total of twenty tests will be performed:
ten of them will investigate the behaviour of the column and the remaining, the end-plate
response (Tab. 2.8).

A detailed description of the specimens is presented in Annex D. The drawings of Annex D
have been sent to a ArcelorMittal for the production.

Table 2.8: Summary of the material for the T-stub tests.

DESCRIPTION DRAWING NAME | NUMBER OF PIECES
Summary of the material for T-stub tests TST 01 - .
COLUMN'S T-STUB

Column T-stubs (column HEB220) TSTO3A-TST03B 10

END-PLATE T-STUB
End-Plate T-stubs \ TSTO2

10
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14 ANNEXA: FULL-SCALE TESTS - STEEL COMPONENTS

Beam Type 1 Number of pieces- 12

I |PE240

5460

Beam Type 2 Number of pieces - 6

I FE240

5670 J
Beam Type 3 Number of pieces - 3
I IPE240
7095
Beam Type 4  MNumber of pieces - 3
I | PE240 |
| 4246 |
Beam Type 5 Mumber of pieces- 6
I IPE240
1500
Column type 1 Number of pieces - 18
I [ B 220 |
L 5500 _‘

Plate type A  Number of pieces - 54

400

Plate type B Mumber of pieces - 18

Plate type C Number of pieces - 18

DI TRENTO

Laboratorio Prove Materisl @ Srutiure

= i 270
150 / ana ___| L_ 30
Shear Connector 3D 344" x 4°; Mild Steel; 1182 Headed studs
H
F
=4 H J] D=13 H=31.75 ;A=8.52 L=100
D
i
Mame Steel Grade Dimensions [mm] Weight [t] Number of pieces | Total Weight [t] Drawing No.
Beam type 1 IPE 240 S 355 JR 240x120x5460 0.168 12 2.011 FST 04
Beam type 2 IFE 240 S 3595 JR 240x 1205670 0.174 B 1.044 FST 05
Beam type 3 IPE 240 5355 JR 240x120x7095 0.218 3 0.653 FST 06
Beam type 4 IPE 240 S 355 R 240x120x4246 0.130 3 0.331 FST 07
Beam type 5 IPE 240 5355 JR 240x120x1500 0.046 & 0.276 FST 08
Column type 1 HEB 220 5 355 JR 202 0.393 18 7.079 FST 02-09
Plate type A S 355 JR 26015010 0.003 54 0.165 'FST 03-04-05-06-07-08
Plate type B S 355 JR A00:400x30 0.038 18 0.678 FST03-09
Plate type C S 355 JR 220%220x20 0.007 18 0.137 FST03-09
D=13; H=31.75;
Shear Coonectors SD 34" 4" — A=9.52: L=100 - 1182 - FST 04-05-06-07-08
b 12.434
UNIVERSITA DEGLI STUDI -

CE

Full

Scale
Tesl

RFCS preject N* RFSR-CT-2012-0029
Proposal acronym: ROBUSTIMPACT

Crganisation acronym: UNITRE

i
Hote M ETALE
Draweang No. uEf P
All dmensions are F ST 0 1 e 013
in the indr
drawings oaviond by Referancs e
Gasred by e Tt fitumatsngss ML FET TET M0

Firares.




Page 69

Robustimpact — Robust impact design of steel and composite building structures

awon gt o1 2 4y o 9 ity g 0 Koot 1 b ooy

LT ety

e 4a paubara)

N bbby e pirsndy

shumelp

EHOTAOEL

== 20 184

g on Buwig

— UISSES cuoen

JENPIAPUI U3 U Pajensn|!
BUE SUOISUBLIIP Y

0N

ﬁwl_l
m_wow

IHLINN ‘whuoioe uonesiuebio
1OVdINILSNEOY ‘whuoioe [esodoid
6200-210Z-LO-HSHY N josloid §04y

Iin H_

‘ON Wed

SURKAAS S LA 30l OUNHICE]
OLNAYL I
IANLS I'TOHA YV LISHAAING

B Gesl Icmﬂﬁ Gese i
a
]
o ¥ T
8 , o o 0wE3H
) o
005S
Gesl 0cl| Gege
&
J
o b e~
8 o, o %o 0EH HH
" >
3 o

| adA} uwnjo)




Robustimpact — Robust impact design of steel and composite building structures

Page 70

awon gt o1 2 4y o 9 ity g 0 Koot 1 b ooy

LT ety

.._:.
N BuRIY e paisadal shumelp

JENPIAPUI U3 U Pajensn|!
BUE SUOISUBLIIP Y

= €0 184,

awg iy

WISSES unen SN

IWE

ﬁwl_l
m_wow

IHLINN ‘whuoioe uonesiuebio
1OVdINILSNEOY ‘whuoioe [esodoid

6200-210Z-LO-HSHY N josloid §04y

Iin H_

SURKAAS S LA 30l OUNHICE]
OLNAYL I
IANLS I'TOHA YV LISHAAING

00¥

—_—

651 SG1

O
00%

14

Gsl

SG1

S¥

14 GGl L

g adf} sje|d

0ce

0ce

0 adfy ejeld

o€l 59

09¢

S9

v odA} ereld




ol 1 P P P B et e Ry AL 2 LBy GooeeL o oty o o Lk e ]

Page 71

Robustimpact — Robust impact design of steel and composite building structures

s T
et $0 LS | ek suosvewpiy ‘ -]
u#x._.v ores Zc"._._,ﬁ_..,. —_— L - ON _._|. N z m...w T 7 mP
‘Wi Bl r =
e TG N ARk
6200-210Z-LO-HSHY N josloid §04y O O oyl Lz 0} O
P AUMPRLS 3 LR S804 oUGIRIOqE] v
r FTVEPLLLTELS 3 ware v WG LT Py ]
QLML I P )]
ICANLS TTDH Y LISHAAING - o
06l 15z V 3dALl 31VY1d
O M Qfovi sz + Ol I
ozh L2 s 7 o
= Sl — Sl
| s:1 31v0s v-vY '03S |
08¥s

0s1

_ o
oooooonKV © 0000 O \Tog,
_ _

ol 09¥S
V3dAL 31V d L 3dALINVIE\ W W v V3L EIVId
/ A + ovzad \N °1°
X [T1 W AT,

ww Lol @ spnis pepeay 0s ‘1991s PIIN uoljoaUU0Y) UWnjo)-ol-Wweagq Joj sye|d-pul L0l  GSZ
Wb X, p/€ S Jojosuuo) Jeays

09¢

Z1 - s8%ald Jo JaquinN




Robustimpact — Robust impact design of steel and composite building structures

Page 72

v 3 o o pasegs 13 1 L Pt Jatrng i) 1 2 Ao s 0 sy, o5 0 Lpdont e

mppm - _—. i pautiss
B 1547 65 4S8 et e )

o oousseoy] g passrdi " m_mwc...s”_ﬁ . %
— = G0 1S4 s _ﬂ_ﬁ.a_".M..._n._“_..ﬁ.&_"._.w.__guq " -
utsw T sion -.........\.\ ocLl LZ Gl T 7 Gl
IHLINA whuooe uonesiuebio %\ % -
LOVdWILSNEOY ‘WAuoioe esodoid >N _m * ©
6200-210Z-LO-HSHY N josloid §04y o) O oV Lz ©) 6)
AUMHRAS & (RURE 2001d CUTRIOE] E
ATYE AN LS 3 N WHENDE0N n..._wl.!»snn .\h Z
OLNAYL 1T for)
LS TIOEA Y LISHEAINA I L o
06l 15z V 3dALl 31VY1d
O M4 Otoprsz O g O
P |
oLz s 7 3
= Sl — Sl
§:1 31VOS v-Y O3S |
069G
Hm T o o o o © 0 0 0o O um

¢ ddA1 NV34 /

vV 3dAL 31Vd /

\

- Aok

A

ol
\( 3dAL 3LVd

ore3dl

- <
L
-

e

M/Zﬂv\/w:fl

UOIP8UUOY ULLIN|0D-0}-Weag 1o} aje|d-pug

ww 9z| ®© SpMis papeay zy 1991S PIIN
L X .p/€ OS Jojosuuo) Jeays

9cl

g - sad%ald Jo JaquinN

C ]

ese

cjo

of o

¢9¢




Page 73

Robustimpact — Robust impact design of steel and composite building structures

) 53 ERITI30 8 PR PR P 54 1SSt P ooy ang e 2 Ay e o Lty o o Lot g

B 1547 E5 4 S L D e

A paubeaq|
e g passrdi shumelp
| [ENPIAPUI BL Ul pajensn||
..m._”. @D me —— BIE SUQISUSWIP 1Y
— HPSSES  unen 0N

IHLINA whuooe uonesiuebio
LOVdINLLSNEOY whuoioe [esodoid
6Z00-C10Z-LD-HS4H N waloid 5344

AUMNLS 3 RUREY 3014 CURIOGE)
AL LS 3 VIR WO € DU D
OLNAHYL 1T

IANLS ITHOHA ¥ LISHHAING

0s1

——

0l
vV 3dAL 31vid /

Ww 1.9} © Spnis papeay zy '1991S Pl

WP X.pI€ QS Jopsuuo) Jesys

19l Lve

uondsUUGY UWN|oD-0}-Wesg Jo} sje|d-pul

¢ - sa%ald Jo JoquinN

ToosL
__oeLz sk ;S
TR SIS AR
O f§ Olov 22 O4fd o
.\\‘ ]
2 3
06L16Z| VY 3dALl 31V1d
O 4 Otov 22 OO
Z ‘.\ M| ez | )
0ziLz 3 7 3
= Gl —) Gl
§:1 31VOS v-Y O3S |
_ EE_ ..i
JL
o o o AV KV O o o o a
1
_ _
G602 T o
mm_n_ﬁzqm_m_/ W W v \,qm_n_ﬁ 31v1d
/ i -.7.v o] (o]
ovzadl
\‘ % o] (o]
I' T g 11 q - _
v = s




Robustimpact — Robust impact design of steel and composite building structures

Page 74

vl 3 5 P A 13 5 oLt d P FaRLrR 141 U 12 10 G 0 APt o 0 Lt b o]

Ww 6 @ SPNis papeay Zy ‘991S PIIN
L¥ X P/ QS 10]08UU0D JEdYS

¢ - sa%ald Jo JoquinN

ND |_lmH_ - _mzv_.,_ucm_mwc;_“’”_ﬁﬁm:g___ 061
™ - R BUE SUOISUBLIIP Y P — =
o o - __—0cl Lz Gl T i Gl
rwhuosoe uonesiuels 7 -
LOVILLSNGON whioioe fesodorg 3 e B * e )
6200-210Z-LO-HSHY N josloid §04y o) @) oV Lz ©) 6)
T Y 8
LS ITOEA ¥ LISHHAING I o o
061162 V 3dALl 31V1d
O M Qfovi sz + OO
0zh[ L2 SN 7 S
= Gl — Sl
§:1 31VOS v-Y O3S |
99¢t
[N | | N
8 © 00O0O0OO @%ooooooo km
T T o
V3dAL 31vid / FAdALINVEE N W W v \< 3dAL 3Lv1d
/ i N (o3 el
o¥Z3adl e
of o0
\ i S8l




Page 75

Robustimpact — Robust impact design of steel and composite building structures

4 R0 i o PR A [ B S e Raburiog gl 1 Aoy basts) 10 s e 0 et 1 b sy

00" 151" £54” LM DY s b

4a paubara)

iy g pasady

L1 oM Bumnsg

drsses

IYLINA ‘whuooe uoyesiuebin

1OVdINILSNEOY ‘whuoioe [esodoid
6Z00-Z10Z-LO-4SHY N 10sloid 534y

shumelp

JENPIAPUI U3 U Pajensn|!

- 1 0 I_lmH_ BUE SUDISUBLIP Iy

0N

AUMNLS 3 RUREY 3014 CURIOGE)

TN 3 VRN WENCE0N 1 CANEV

OLNAYL I

IANLS I'TOHA YV LISHAAING

G aAdAlL E(m_m/

T
0T L2 sl - | st
TG s == is
O 4 Olov 22 O f O
\.\\“ ]
o
o6l lsz| V 3dALl 31V1d
LA 2 : ' 4
oziiiz st 7 3
fa Gl — Sl
§:1 31vOS Y-V O3S _
0i51 14
O 0OO0OO0OOOOGO OGO OO Oo uw
0051
\< 3dAL 3Lvid
i
/ o (o3 el
ovzadl S
ofjo

ww 66 @ spnis papeay || [934S PIA

¥ X /€ AS J0josuu0) Jesys

uoljo8uUU0)) Uwn|oD-0}-Weag Joj ajeld puj 66 GGe

9 - sa%ald Jo JaquinN




Robustimpact — Robust impact design of steel and composite building structures

Page 76

) 53 ERITI30 8 PR PR P 54 1SSt P ooy ang e 2 Ay e o Lty o o Lot g

B 1547 E5 4 S L D e

sl drsscs

IHLINA whuooe uonesiuebio
LOVdINLLSNEOY whuoioe [esodoid
6Z00-C10Z-LD-HS4H N waloid 5344

shumelp «wwl_l
[ENPIAIPUL 8L Ul pagensn|!
w_wow

BUE SUCISUBLUIP |1y
n H_

- #eN

SURKAAS S LA 30l OUNHICE]

/0221 €l 2

g3dAL ALVId

o/ 0ce

06

Frr és.,ﬁ/._ M_Jc mu O % O O O
ICANLS T'TOHA ¥ LISHEAIND
G o o A A o S A S o A A
= oz T S '
Q\\\\\\\\\\\\ A A ..ﬂ\\\\\\\\\\\\ A m Iw v —‘|N (%] m
/ 7 SLLZ —f eqr :
5| N s Voo “
7 o “ TN, Y\\\\\\\\\\\\\\\\\\\\\\\“
O O s o o ©
777 7 7 0ccl €l 2
1l IIVOS g-9 '03S | | s:1 Fwvos v-Y '03S |
N 0565
o se8l o Toel | mnmm_ T oe
P i S 1
8, o %@ 02C83H ]
. [ -
J3dAL3LVid | 3dAL NNNTOD o 83dAL3LV1d \
00565
5 se8l @ | ogl | mmmm._ v
—% - \
Se o Z2o 02Z8H
. |
g - v

8l - sa%aid jJo JaquinN




Page 77

Robustimpact — Robust impact design of steel and composite building structures

T 7 7 [y
“ \% =]
\ /$) 3
7
Z 1
“ |
1070 5200 0ZA09E405F ur 65e 5 ¢ odf} USRS 7 a.ﬂa .
8900 g 8000 02X09EX05 | ur 65€ S g 2df) seuayng o
5820 3 2000 0ZX09ENCE L Wrsse s | 50K JaUagns
6050 g 800 OYXOSYOSY r 65E S Z o0k el ; I
6050 8 9010 0PX0SPX05H ur GSE S | adf sjeid ¢ adfy Q g ed 1|9
13734618 [e0) jeupuon | sesaid jo saquiny | [3] wBiep [euruon | [ww] suosueung apels [eals e lauayng hmcmt_uw
&
L&)
4
| adA} aje|d | adA ajeld ] Z adfy |
% .\\\\\\\\\\\\\\\\\\\\\\ BZE SHeld e

\\l\\\\\\\\\\\\\%‘\\

ﬁ 0L mmr/\mmr 0

7 |
m m | adAy Jsusyng
Z
m 7
A —\ Y 3 e G — e
m gzeN 0L 2 m mww WW ~__8EL o geL
m m ° ,wn.¢/, \AAQ .)_
w m sl @\WLQ
W 0LLNOLZ m - 4 .
BTN O “ m sLIN L N_ B = “\\\«\\\\\\.\v\\\N\W\\ \“\\\\%\\\\.\\w&“
\\-\\\\\m\w\\-\\\\\\\\\\\-\ \\-\\\\\\\\\\\\\\-\\\\\\\\-\\M | /] m s
z adAy areld Z °dA) ajeld — mewtzwA Z L_mmwﬂw_,w \m 8 |8
18 \\\v\\\\\\\\\\\W\ﬁ \%‘\N\w\\\\\\\\\\\\\\&\\“
. 3
y ““ \ 1
CPSE I ACNE
| edA) aje|d % Z as @
e o % |_|\.a¢. - ]
G/ 0o0e G/
:seo02|d jo Jaquinpy
| 2dfj JuIeljSal @seq uwnjoD | odA} Jousyis

15 ANNEX B: RESTRAINTS




Robustimpact — Robust impact design of steel and composite building structures

Page 78

1 L B B B P RS 1 B AR ke s

| 2¥80

U SUSISUIWIP v
oy |

mawn i

GZ00-TLOT L2 HSHd LN 103

I LInn wiuole vogesuefio

2 04

QAN § WA SeDag LR HFT
OLNFAL 1
IINLS 17930 YUSHIAINA

962 0 2
9600 _ Fmo._. 8500 0ZX0BYX05F urSeE S g adf) JBUaLNS
aLoo L aLpo OZX0BOX0S L HroseE s g adf) Jauauns
9500 ¥ ¥L00 DZX08IXDEL dresEs t adf) suaung
+800 L $90°0 OPX0GHX0G ur 6oE S z 2df) ajeig
+800 L #90°0 OPX0GHX0G ur 6eE S | adfyaelg
[1] wBiapa [ejo) feunuoy  saded jo sequiny | [ 1] i jeuiwon | [uwiw] suoisuawig apels jaels sleN
| ed4 eje|d | 8dA} ejeld
A 7777/ 7% % l\\xn%\\\\\\\§ W 7&
—/ 17 7
gliq oLz oLl oL 2 gLLNOL 2 gl a2 m m gLLN0L 2
m \
“ ’
\ m
“ “
m\“ “
\ \
\\\ “
7 %
\ “
m —
990} Z 099N 0f 2 mmw_ os_AEN/sm.m%AEme 099N 0L mm
[ 7 7z o
“ “
\ \
\\\ “
7 7
\ \
\ \
“ m
7 7
““ \
“ “
\ \
“ “
m:AE _WZA%/ 9;44# m m _W:A%/
. D2 %77 |
% -\\\\\\\\\ -% 17/

Z adA) ejelg

z odAy aelg

| :seoeld Jo JequunN
¢ @2dA} juienisal aseq uwn|o)

g odfy
JENENNES

z odAy s1e1d

]
¥ odA_
joueyns”

0l

Ssl

jeie]d

0l

el

g adAy
lsuayng

e

&

|I/ OQL\ |

\ocL
N

| adAy 2pe|d -

=74

00e

=74

L \k\\%ﬂ\ ]
 odA} 1eusyns

oSt

(00} 4




Page 79

Robustimpact — Robust impact design of steel and composite building structures

PRe— - i
P ] s i i 8
= Engwdu 2
—_— =y & =
SIE SUDISUBWD I
T %=1
Ficrld e

HLINN Wwhuooe woresetis

1Y ANILSNE0Y whuoie jesodold

GZO0

rZL0T-LIHS 4N JN Polud 544

e ?\‘\

OLNEEL 1
Hn__».._.M:Umﬂﬁh_mrl.

AN

ulid
nupPoT - c88l
| mmmmmen_uhMmeMcu__m_a S¥Z-d 09 34
. . gyl sbuleaq uied
_u_..__._ }oo7 It oo _ \
4
N A 05zl _
! o o 0 )
& _ ZEN
a|yoid rejngn | Bepmiq Jeg
ud
Aled 1nu 3207 104

L:so0ald jo Jaquunu
| adf} uiensal [eieje




Robustimpact — Robust impact design of steel and composite building structures

Page 80

e
PR - A gt iy
R L LT e py W w
Engwau Ay
i od i FUE SUDISUEWD I
AN 2E] Ll
SHLINN whuooe vogesedn
1OWANILSNADY ‘whucide jesodoig
BEO0-ZL0T-LD HS 4N N Palud SO4u
SRS @ R WL RO
AN T R
T(.UTW OLNENL G
INLE M19H3A YLIS¥IAING

S¥Z-a 09 34
gy 1 sbuueaq uleld

nu xuo/ Inu 07 U OO
|

S¥z-a 09 34
gy 1 sBuuesq urelq

G801

_ ob¥

@ ©

007 o4

uid

ZEW
BepmAiQ seg

Z:saoaid Jo Jaquinu
Z @dfy juienysal |eisle]




Page 81

Robustimpact — Robust impact design of steel and composite building structures

B A _LLL

g o | Sazeney s ) shumeap
ENZWADW U U Dateqsn|
e
SIE SLDIEUALID Y
o 2 LI
T35 LI sEn

MM Wwhuooe wonesuebig

S ERILANLS § PNy B N O e in L
OLHEEL 1]
INLE MO3A Y LISEIAINN

SITNGS 3 PSRN 0 DR

ﬁol_l
-_wuw

__:H_

Syz-a 09
34 g4 sbuiesq uield

Jeq pepeslyy

U 5007

nu

SHZ-a 09
34 g4 sbuueaq uield

U %007

pislen] nu yo07

Jeq papesiy

sol04 Doy

iy

o

B
0od

09 39 sBuueaq uleld

QJ 06 39

L:s@2ald Jo laquinu
¢ adA} Julensal |ei1a)e

sBuueaq ued

929




Robustimpact — Robust impact design of steel and composite building structures

Page 82

[

Jasifineg

s ) e

] Sapaney
ENDAEU 34T Ul BIEASNIN
iy
EIE SUDNRUIWID Iy
AR g _‘ On_u ot b
Fwa HrEE 5 = wirn sEn

«uol_..
n_wuw

MM Wwhiuooe vonesueding

SIS 3 AR W0k DR ]
ORI ARY ) v AR WA O R

OLHEEL 1]

IANLE MO3Q Y LISEIAINN

__:H_

Ajoedes uoneloy

uld

ST - 05¢34 gul sbuveaq ueld

SHZ - A5£34 gyL s6upesq ue|d

0-0 'Z8g

N

.

"09g

SMZ - 534 gyl sbuuesq uieid 0Zc
= oL VaH
y A
f [Ie— |V
uld m_w a
SHZ - 0534 gyl sbuueeq c_Mm_ =
i OLON am
3= :
¢ oL ¥aH __I.II._L 0%l WaH ¢ S
| mwlu.-j mw _.E._ 8
NN _IVD
¥og uolppauuod
k4
% Y-V 099G

L:saoa1d Jo Jequinu
| @dA} uolosuuoo doj

0¥l ¥aH




Page 83

oy s 7 g Mg et g
..._:n.}u,. Sasenmy s ) shumeap «mol_l
ENCHAEU 34T U BILEASNI
sy % 1
e e N On_- — SIE SUDIEUAWID 1Y n_wuw
Iwas HEE S wewn awy
THLIND WAN0e uonesuesin __:H_
LOVSWILSNE 0N whuoie Bsodold I

BZD0-THOZ-LO-HS Y N 18f0id SOy
SITNGS 3 PSRN 0 DR
ORLAALY ) Vo AR WA 6 R
OLNIEL 1]
IGNLS 034 VLSEIAING

Robustimpact — Robust impact design of steel and composite building structures

ST - 05£34 Gl sbuuesq uely

Anoedes uonejoy

10 adAlinN

SYT - a5£34 9yl sbunesquield 07z

0%l ¥3H

Sz - A5e34 gyl sBupesq uely O,_...

0-0 08g N N

N

: OfFho :

L0

TS
L=
88RY)

SHZ - A5¢34 gyl sbupesq ue|d

N X0Q UOIIBULOD

k? V-¥ 0°G

0¥l ¥3H

g-g 9°g p:ssoald jo Jaquinu
Z @dA) uonosuuoo do|




Robustimpact — Robust impact design of steel and composite building structures

Page 84

——— - sl 1

s .!!rwx‘-)!_ Sasenmy s ) shumeap «uol_l
— m OF H:ul)nc .u—._u un pateasnip

R ) —— SUE SLDIUILID Ty n_wuw
P SRS ewem 4

THLING Whuooe wonesmedin __:H_

LW ENILSNE 0 whion e gsodolg e —— |
BZ00-ZTHOZ-LOHSIY N 128f0id SOy onveg
D e e e e oy
BN TR T
H OLMEEL1a
N ICALE MO3Q Y LISEIAINN
ST - 05£34 gyl sbuueaq ueld
Anoedes uonejoy PE—
¢,a._
P A
uid
5 0]
V v
hv sz m_w | 02z
tid SHZ - 5634 @ul sbunesq uelg ﬁ_,_....
0-0 093 AN

o O

N

NN m¢ $ 3 $ @

TS
LilE=
88RY)

SHZ - Age3d gyl sbupeaq ueid

N X0Q UOIIBULOD

k? V-¥ 0°G

0¥l ¥3H

g-g 98¢ p:seoald jo Jequuinu
¢ adAj uolauuoo doj




Robustimpact — Robust impact design of steel and composite building structures Page 85
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17 ANNEX D: T-STUB TESTS

Column T-stub

H g HEB 220
(&)
L 220 J

185

Plate type D

—
(o2}
2
L - - -
Plate type E
-
[&)]
2
I L ——
Name Steal Grade : [mim] Weight [kar] Number of pieces | Total Weight [kagr] Drawing No.
Column T-Stub 2355 R 220x220x185 13.23 10 13228 TST 03A-03B
Plate type D 5355 JR 191150210 225 10 2249 TST D2
Plata type E 5355 JR 191x320x6 288 10 28.79 TET D2
Total 184
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18 INTRODUCTION

At the Institute for Steel Structures crash tests on columns are carried out to investigate the
residual strength of the damaged member after the impact. The aim is to determine the
dynamic response of the member during the impact as well as the dynamic interaction of the
member with the surrounding structure. Furthermore, special attention on the strength and
deformation demand of the joints is paid.

The test program consists of six tests in total with three different test configurations. Series 1
consist of a simple supported element as reference for pure member behaviour. In series 2,
the dynamic interaction between the impacted member and an attached mass at the column
head is investigated. It is expected that during the impact, the inertia of the mass provides
some axial restrain, but after the impact, the downwards accelerated mass pushes on the
column. In both cases, real hinges will be used. Series 3 represents a column within a real
structure considering a mass at column head, the stiffness of the surrounding structure as
well as realistic semi-strength beam-to-column and column foot connections. In each series,
one specimen will be tested subjected to a kinetic energy, which causes moderate and
strong plastic deformations respectively. Table 18-1 gives a summary of the test program
and the varied parameters.

Table 18-1: Overview of the test program at RWTH Aachen

No. Type of connection Mass at column head [to] Initial velocity [km/h]
1-1 real hinge - 29
1-2 real hinge - 36
2-1 real hinge 7 to 29
2-2 real hinge 7 to 36
3-1 semi-strength 7 to 29
3-2 semi-strength 7 to 36

The detailed drawings needed for the production of the specimens and the support structure
have been prepared at the RWTH Aachen and are presented in the following.
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19 SETUP FOR TESTSERIES 1 & 2
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Figure 19-1: Drawings of the test setup for test series 1 & 2
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20 SETUP FOR TEST SERIES 3
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Figure 20-1: Drawings of the test setup for test series 3
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21 ASSEMBLY GROUPS
21.1H10
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Figure 21-1: Assembly group H10
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21.3H30
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Figure 21-3: Assembly group H30
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Figure 21-4: Assembly group H40
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21.5H50
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Figure 21-5: Assembly group H50
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Figure 21-6: Assembly group H60
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