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ture, for example bridge construc-

tions, crane runway constructions, 

mast constructions and wind turbi-

nes are subjected to fatigue stresses 

during their life cycle. The fatigue 

strength of structures is standardi-
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fatigue classes within this standard 

are based on experimental data. Ho-
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dated and incomplete. The project 

team has built an online database of 

thousands of fatigue tests. With help 

of this database, parameters can be 
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fatigue life.

The project conducted experimen-
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a common welding detail especially 

in bridge construction. The project 

was realised by three research facili-

ties: RWTH Aachen, Institute of Steel 

Construction, Karlsruhe Institute of 
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gart, Institute of Structural Design.

Duration: 2016-2019

Project funding: AiF - DASt/ FOSTA

Contact: 
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The standards referring to the fati-

gue strength of tension rods with 

end threads are currently not suf-
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lable. For tension rods the fatigue 

detail, category 105 could be used 
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plies. In this case, tension rods are 

categorised in the fatigue class 50 
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ration through a reduction factor, 

applicable to diameters bigger than 

30mm. For the design engineer the 

question of ‘‘which fatigue detail ca-

tegory is correct? ‘‘ arises.

Within the framework of this project, 
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of the thread’s manufacturing 
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the fatigue strength of tension rods 
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tigated. With the help of numeric 

models, notch stresses for the dif-

ferent diameters were determined 
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optical measuring systems. Further-
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del analyses were carried out, so 
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the tolerances and the imperfec-

tions were examined. The research 

project was realised in cooperation 

with TU Braunschweig.

Duration: 2017-2020

Project funding: AiF - DASt

Contact:
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Fatigue strength of cyclic highly 

stressed structures are often a signi-
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Welded secondary steel elements 

often limit the fatigue strength of cy-

clic highly stressed steel structures 
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By brazing instead of welding these 

attachments the metallurgical notch 
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heat input. As part of the research 

project about 150 fatigue tests were 
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ment of calculation models for the 

use of arc brazing in common steel 

construction practice. The project 

was realised by two research facili-

ties: Fraunhofer Research Institution 

for Large Structures in Production 
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Stuttgart, Institute of Structural De-

sign.

Duration: 2018-2020

Project funding: AiF - FOSTA

Contact: 

)��#�*��"��
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Re-evaluation and exten-

sion of the fatigue detail 

catalogue in Eurocode 3

Fatigue design of tension 

rods with end threads

Arc brazing for joining 

of attachments on cyclic 

loaded structures

Karl
Drebenstedt

Georgios 
Skarmoutsos

Steel Structures

Fatigue
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of essential parameters of fatigue 

strength according to EC3-1-9 with 

regard to construction details of steel 

and composite bridge, crane and 

crane runway construction as well 

as mast and chimney construction. 
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ning the detail catalogue in a more 

advantageous, realistic and possib-

ly more economical way. 

For this purpose, the existing DASt 

database will be expanded. Part 
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� �E	��
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rent existing experimental results, 

among others from Deutsche Bahn 

AG, as well as the results of new ex-

periments, that are realised within 
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of the investigations is to study the 
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welds and longitudinal attachments 

in order to optimise and simplify the 

detail categories. Furthermore, the 

limiting values of manufacturing to-

lerances for selected details, such as 

	������
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Another goal is the improvement of 

detail categories for high production 
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out in coopera-tion with RWTH Aa-

chen, Institute of Steel Construction 

and Chair of Steel and Lightweight 

Metal Construction and the Karlsru-

he Institute of Technology, Research 

Center for Steel, Timber and Mason-

ry.
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Gloria Hofmann, M.Sc.

A common way for fastening rails 

to crane runways are interrupted 

rail welds. By avoiding continuous 

rail welds, the production time and 

material input are reduced on one 

hand, on the other hand the welding 

distortion of the beam and therefo-
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At the moment, however, their cal-

culation and design is not regula-

ted by the current steel construction 

standard (DIN EN 1993-6). As crane 

������������
�����
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clic loads, fatigue checks must also 

be carried out for the construction 

details of the rail fastening in accor-

dance with DIN EN 1993-6 in combi-

nation with DIN EN 1993-1-9. 

In order to support the practice in 

the design of rail welds, three urgent 
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reduce the stress on the rail welds? 

In which notch case may the exis-

ting multiaxial stress state be clas-
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stress check for each stress case (�
�
, 

�
||
���

||
), according to DIN EN 1993-1-

9? How do the stress condition in-

teract in contrast to the continuous 
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out in cooperation with the Materi-
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of Stuttgart.
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Prof. Dr.-Ing. Mathias Euler

Gloria Hofmann, M.Sc.
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portance for dynamically loaded 

steel structures. Increased oper-

ating loads and lightweight const-

ruction demands increase the requi-

rements of steels considering the 

material strength used. Standards 

and guidelines specify fatigue clas-

ses for fatigue assessment that are 

independent of material strength, 
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use of high-strength steels in fati-

gue loaded structures. By using HF-

MI-treatment, the fatigue strength 

��� ��#���� V���	
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and the potential of high-strength 

steels can be utilized. Therefore, the 

DASt-guideline 026 which regulates 

the fatigue assessment of construc-

tional details made of steel grades 

reaching from steel grade S235 to 

S700 was developed. An extension 

for steels up to a steel grade of S960 

is pending and geometric imperfec-

tions exceeding quality level B of 

ISO 5817 are not covered yet.
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extend the DASt-guideline 026 and 
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metric imperfections on the fatigue 

strength of HFMI-treated welds. Th-

erefore, investigations are carried 

out on constructional details with 

and without imperfections. The pro-
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Karlsruhe Research Center for Steel, 

Timber and Masonry, dept. for Steel 

and Light Weight Structures and the 

Fraunhofer IGP in Rostock.
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Lisa-Marie Gölz, M.Sc.
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on of high frequency mechanical 

impact treatment had been carried 

�	�����
������
	���	���
���
#	������

��7����	���
�������������
��4����-

theless, there were still some open 
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tigations. For example, the mean 
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considered with a reduction of the 

fatigue strength of 20 %, which is 
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of post-weld treatment of a preloa-
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with the help of numerical models 

and experimental tests. Application 

limits and boundary conditions for 

	���`+�3�	���	���	���#��"������	�-

$����{�	��	���;���#�����������!���

��
����������	���
�����#�����"�-

sed on existing approaches for ap-

plication to three essential notch 

details, taking into account the rele-
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ditions. The proposal was transpo-

sed into a DASt-Guideline and thus 
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The project was a cooperation with 

the Karlsruhe Institute of Technolo-

gy, Research Center for Steel, Tim-

"���������
����!����	������(	��#�����

Light Weight Structures.

Duration: 2013-2017

Project funding: AiF - DASt

Contact: 

Dr.-Ing. Stephanie Breunig

Development of a 

DASt-Guideline for the 

application of HFMI
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sistance by the application of High 
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should be taken into account for 
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sign standards.gg
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ject OPTIBri, where the optimal use 

of high strength steels for bridges 
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tests on small specimen series for 
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project partners. In comparison to 

the real bridge girder situation, the 

small scale tests did not consider the 
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ded girders being performed at the 

Institute of Structural Design, the 
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shrinkage is restrained and higher 

residual stresses from the welding 
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treated beam tests series of S690, 

the stress ratio was R = 0,1 and the 
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tions were conducted jointly under 
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Coimbra, Belgian Welding Institute, 
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Duration: 2014-2017

Project funding: RFCS

Contact:

Dr.-Ing. Stephanie Breunig

Application of HFMI-

treatment on high 

strength steels

Welding of cold-

formed elements

In steel and plant construction, it is 

standard practice to produce steel 

���$#�
� "�� ��#�� ��������� ���� ���

the most frequent joining methods 

in steel construction is the arc wel-

��������
!� �	� �
� �����	�"#�� 	�� ��#��

cold-formed elements in the area of 

cold forming. By this research pro-

ject, the existing rules for welding 

in cold-formed areas relating to cur-
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welded parts at low temperatures 

was tested experimentally. 
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literature show only slight coinci-

dences of the standard transition 
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�4���������=�"������	. The range of 

alloy components and manufactu-

ring methods permissible according 
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struction, due to the restricted refe-
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results of this research project, a new 

standard-compliant concept for ma-
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of cold forming and welding can be 

taken into account through a practi-
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can hereby be determined and form 

the basis of economic design.

Duration: 2010-2014

Project funding: AiF - DASt

Contact:

Dr.-Ing. Konrad Kudla

Stephanie
Breunig

Konrad
Kudla

Steel Structures

Welding



www.uni-stuttgart.de/ke

In recent years, welded joints of high 
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treated by high-frequency ham-
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increase of fatigue strength. Up to 

now, only few test results of post-

weld treated welded joints of mild 
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atment on water locks usually made 

of S235. It was assumed that the re-
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tures can be extended by reducing 
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to determine the fatigue category 

of the post-weld treated construc-

tional members, large-scale tests 
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planned. Through the tests the fati-

gue resistance of the as-welded sta-

te before loading, of post-weld tre-

atment at the end of the assumed 
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mined.

The project was a cooperation with 

the Karlsruhe Institute of Technolo-

gy, Research Center for Steel, Tim-

"���������
����!����	������(	��#�����

Light Weight Structures. 

Durationt: 2009-2013

Project funding: BAW

Contact: 

Dr.-Ing. Stephanie Breunig

HFMI-treatment in 

hydraulic engineering
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ment by high-frequency mechanical 
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for normal and high-strength steels. 

A design concept for post-weld tre-
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German DASt-guideline 026. For the 
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the weld toe, further studies on qua-

lity assurance were carried out at as 

part of the BAW research project. 
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post-weld treatment intensity on 
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stress and hardness measurements 
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test by means of hardness measu-
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conclusion at the end it was shown 

that the intensity of the post-weld 
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� ��� ��%����� ��� 	���

fatigue strength and that a careful 
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tect remaining notches.

Duration: 2017-2018

Project funding: BAW

Contact: 

Dr.-Ing. Stephanie Breunig 
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Quality assurance by 

varying HFMI-treatment
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gue strength by high frequency me-
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construction details. In addition to 

recognized rules for the fatigue de-
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cation and quality assurance of the 

equipment is necessary for a reliab-

le application.
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face layer, which are to be regarded 

as the main cause of the increase in 
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the process reliability can be carried 
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sidual stress measurements in form 
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simple, practice-friendly quality as-

surance test that can be applied un-

der construction site conditions, so 

	��	�	��������

�
���	�����	���`+�3�

treatment techniques can be ensu-

red. First approaches were examined 

within this short study and checked 

����	�������#�������������#���	�������

project was a cooperation with the 

Karlsruhe Institute of Technology, Re-

search Center for Steel, Timber and 

��
����!� ���	�� ���� (	��#� ���� ����	�

Weight Structures.

Duration: 2010-2015

Project funding: FOSTA

Contact: 

Dr.-Ing. Stephanie Breunig

Development of a simple 

quality assurance test for 

HFMI

Steel Structures

Post-Weld Treatment

Stephanie
Breunig
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Konrad
Kudla
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In practice, mixed connections oc-

cur as standard situation, since the 

choice of steel is usually adapted to 
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S690. In order to be able to check the 

applicability of the design resistan-

ce function, which has already been 

����#����� ���� $##�	� ��#�
� ��� `����

Strength Steel with the same base 

metal for mixed connections, a com-
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carrying capacity of such connec-

tions was required. On the basis of 
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bon and High-Strength Steel using 
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well as of the results of the statistical 
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�#������"�����$�������	����	�����-

search project „mixed connections“.

The results were condensed into re-

commendations, which on one hand 

include the constructional and wel-

ding production of mixed connec-

tions for the practice and on the 

�	�����������%��	���
�����#�
�	��	�

had been transmitted as a proposal 

��� ����� �#�
� 	�� 	��� ��4� �����	-

tees.

Duration: 2014-2017

Project funding: AiF - FOSTA

Contact:

���������(����#��!���(��

8���������	���4���������!�	���#����

carrying capacity of „partial pene-

tration“ butt welds must be deter-

�������
�����$##�	���#�
���	�������

����	��	�����+���$##�	���#�
!������-

apted design model could be de-

��#����� ��� 	��� "�
�
� ��� �#������

conducted research. The adaptation 

for welded butt welds on the other 

hand had not been done yet. Accor-

�����	���4���������!��##�����	��	����

"		���#�
��
	���#��"������$������

	��� ������	��� ���"���� `������!�

	���
	����	�����	���
���$##�����	�#�

must be equal to or higher than of 

the base metal. For normal strength 

steels, this is ensured in any case 

"���
�� 	��� 
	����	�� ��� ����� $##���

metal is higher than that of the base 

metal. For high-strength steels, it 

only applies to a limited extent. The 


	����	�
���� 	���$##�����	�#�������-

	�����#��V
	��"����	���"�
����	�#��

At the experiments the failure was 

��	���������������	������	��7��	���

zone, not in the base metal.

Hereby, the determination of the 

design load of welded butt welds 

of higher-strength steels according 

	���4������������#����	�"�����	���

safe side. As part of the research pro-

ject “HighButtWeld”, experimental 

����
	���	���
���� 	��� #�������������

capacity of welded butt welds of 

high-strength steels were realised to 

����#����������	���������������-

nomical design resistance function. 

The research project was a coopera-

tion with TU Ilmenau and SLV Halle.

Duration: 2017-2020

Project funding: AiF - DVS

Contact:

���������(����#��!���(��

3�� (8+�^�3��3��� �� ���
�
	��	� ���-

cedure for safety assessment of the 

�����
� ���#��� ����
� ��#����	� ����


	��#�
	��	��
���
�"��������#����!�

��������� ��	�#�!� 
������	�#�� ����

"��		#������
!���
���	���#���������"��

�#�
	���	�!�
	�"�#�	����������	�����
��-

cially for joining High-Strength Steel 

@`((B�������#�����"���(	��#�@��(B�

elements the present design rules, 

���������4����������#����	���������-

	���#��	���;�$##�	��������	��#�����	��-

tion welds.The code rules for mixed 

������	���
� ���� ��
L����	� ��� 	��

the fact that the recent rules and sa-

��	�� ������
� ���� ����#����� 	����	�-

onally for standard steels and then 

transferred to high-strength steels. 

�����E�
	������	��������������������

	��� "�
�
� ���� �������� ����� �� ��-

pendency on the material strength 

fu and not on fy as some more tradi-

tional design rules assume.

One of the main outcomes of former 

research projects was that in all cases 

brittle facture occurred determined 

�"���
#��"��	���	��
�#��
	����	���u  

of the base material but also of the 

$##�����	�#�����
� �
����
����	��"��

also the case for mixed connections 

������������	���	�������������4������

��������4���������������"�
�
����	��
��

;���#����!���	��������
	���	���
����

mixed connections were initiated to 

set up a data base for the statistical 

���#�	���� ��� "��		#�� ���#��� ����
��

The research project was in coope-

ration with 5 partners under coor-

����	���� ��� '�����
�	�� ��� ����"���

Duration: 2013-2016

Project funding: RFCS

Contact:

���������(����#��!���(��

Mixed Connections HighButtWeldSAFEBRICTILE

Andreas
Kleiner

Jennifer
Spiegler

Christina
Schmidt-Rasche
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Welded Connections

 High-Strength Steel
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Circular or rectangular hollow sec-

	���
��������������#����$#�
�����	���

execution of slender, wide-spanning 

trusses. In particular, the use of hol-

low sections made of high-strength 

steels can lead to economical light-

weight structures. The design of hol-

#��� 
��	���
� V���	
� ����� ��� �����

strength steels is currently being 

����$���� ��� 	��� ����
���� ��� ���-

codes 3 in Parts 1-8. Due to the lack 

of test results, it is intended to meet 

the safety requirement by means of 

high reduction factors Cf, which will 

severely limit the economic use of 

high-strength steels.

�����"V��	�������	������V��	��
�	���E-

	���� ��7����	��	��� ���� ����$��� ��-

formation on reduction factors and 

practical recommendations for the 

consideration of secondary bending 

moments. These are intended to pro-

vide the basis for the formulation of 

rules in the corresponding National 

Annex to the future German edition 

of prEN 1993-1-8. In order to achieve 

this goal, large-scale tests on truss 

������
�������V���	
��
���##��
��-

merical investigations will be carri-

����	���������V��	��
�"�������������

�	�V���	#��"��`���
��#����������

'�����
�	��@���������	��B!�)��#
����

3�
	�		�� ���������#���!� '�����
�	��

of Stuttgart, Engineering company 

KoRoh (CCTH) and Feldmann + Wey-

nand, steel construction companies 

Prebeck and Wegscheid.

�������	
�2021-2023

���������	��	�
 BMWi - WIPANO

��	����


Wigand Knecht, M.Sc.

In order to endorse the economi-

cal and future-oriented use of high-


	����	�� 
	��#
!� �L����	� ��
����

concepts for welded connections 

of high-strength steels must be de-

veloped, which is the aim of this re-


������ ���V��	�����
� �������
� "�	��

butt welds, that may fail prematu-

rely due to the formation of a soft 

��������	������	��7��	�������!�����

$##�	���#�
!�������	�������������E-

tended design concept may current-

ly only be used up to S700. 

For the design of butt welds in steel 

construction, the design concepts 

in Eurocode 3 are inadequate: up to 

now, the design of a butt weld has 

been based on the cross-section de-

sign for the member with the lower 

steel grade. For butt welds in mixed 

connections from normal and high 

strength steels, there is currently no 

consistent design concept in the Eu-

ropean standards, although mixed 

connections are essential for the ap-

plication of higher-strength steels. 

The improved concept extended for 

$##�	���#�
�����������
	����	��
	��#
!�

������ ���
����
� 	��� $##��� ��	�#!� �
�

only valid for steels up to S700, sin-

ce there are no experimental inves-

	���	���
����$##�	���#�
���	��(�|=��

On the basis of experimental and 

numerical studies, design concepts 

will be developed for the draft stan-

dards prEN 1993-1-8 and prEN 1993-

�������������V��	��
�"��������������	�

V���	#����	��	����'�3#�����@�����-

tion Engineering) and the Fraunho-

fer IGP in Rostock.

�������	
�2020-2022

���������	��	�
�AiF - FOSTA

��	����


Mareike von Arnim, M.Sc.

Lattice girders made of hollow sec-

tions are among the most common 

systems in steel building construc-

tion. The use of high-strength steels 

���"#�
� ��
����� �L������� ���
	-

ruction methods with lower materi-

al input and high load-bearing capa-

cities. The design rules for welded 

V���	
� ��	�� ��##��� 
��	���
� �����

been validated semi-empirically by 

tests on normal-strength steels and 

are based on the assumption that 

local stress peaks are reduced by pla-

stic load redistribution. The question 

arises whether the local stress pe-

aks have to be considered for high-

strength steels, since their high yield 

strength and limited ductility allow 

only limited plasticity.

������
���������V��	� �
� ��	������	��

��������L����	���
�����#�
�������#-

low section K-Joints, which refer 

to the individual failure modes, if 

necessary with an adaptation of the 

reduction factors for high-strength 

steels. Recommendations will be de-

veloped which serve as a basis for 

practical application and the norma-

tive rules in the building code. In or-

der to achieve this goal, large-scale 

V���	�	�
	
���##�"�����������	�������-

novative damage-mechanical nume-

����#�����#
���##�"��
�����������V��	�

is realised by two institutes: RWTH 

8������'�����
�	�!�3�
	�		�����(	��#�

���
	��	���� ���� 	��� '�����
�	�� ���

Stuttgart, Institute of Structural De-

sign.

�������	
�2020-2023

���������	��	�
�AiF - FOSTA

��	����


Wigand Knecht, M.Sc.

���������	������������	�

�������������	���������!�

����"#$%%

�����	���	���������

��&�����		�����	���	�

����������������

'(���	�������	���������

����	�����������������	�

)���	��

Mareike
von Arnim

Wigand
Knecht
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*����������	+���������	��

�	�����$�������,����

�����	���	��

����V���	����	���'`��#
�"����	��	���

column is frequently used for PERI 


��7�#�
����	������3�'��+#�E�������

+���	��
����
��!���$��	���#����	�@+�B�

model has been developed with 

ANSYS, detailed numerical investi-

gations and parameter studies may 

"�����������	����	���
��7�#��V���	��

The model has been validated with 

some test results. As changes in di-

mensions and geometry can quickly 

"�����#����	�������	�
�	�������%-

ence on the structure can easily be 

investigated in FE simulations, this 

FE model allows to contribute to an 

economic development process for 

�����	���
���"������#���V���	��

With the developed FE model, pa-

rameter investigations are carried 

�	�������7����	���	����#�������	��
�

����
	��#������
���	����7����	����#��

strengths in particular. Furthermore, 

	��� ��%����� ��� �����	����#� �����-

tions due to tolerances during ma-

nufacturing, such as thickness chan-

ges, are investigated. The research is 

carried out together with PERI GmbH 

Weißenhorn.

�������	
�since 2020

���������	��	�
�Peri GmbH

��	����


Mareike von Arnim, M.Sc.

Structural robustness and mitigation 

���������

������##��
���
���
����$��

safety consideration, which requi-

res particular care from all profes-

sionals involved in the construction 

industry, including architects, desig-

���
!����
	��	��
!����	��#��L���
!�

and insurance managers. During the 

past decade, RFCS has funded a sig-

��$���	���"��������
���������V��	
�

related to the structural response 

of steel and composite buildings in 

view of robustness. In the frame of 

	��
�����V��	
!�	�������#��
���	
���-

lated to global (structure) and local 

(members, compartments, …) beha-

viour have been widely investigated 

for various exceptional loading situ-

�	���
�@�����	!�$��!����	�>�;�!���B���

^�
���
�	��	!��'���
�$������##��
�-

���	�������(����	����@�'=|=�B���	�	-

led „robsutness of structures“ which 

was devoted to the risk assessment 

����
����������$��	�����
���	
�

As an outcome of the FAILNOMO-

������V��	!�"�
������	�����
#	
����

already completed research pro-

V��	
!�	�������
�����##�"�����������

with practical and user-friendly de-

sign guidelines in view of impro-

ved robustness. Example calcula-

tions will show the application of 

these design rules. These will en-

able a safe yet economic design of 

steel and composite structures ex-

posed to the threat of possible ca-

	�
	������� ����	
�� ���
� ���V��	� �
�

"����� �������� �	� V���	#�� ��	�� 	����

'�����
�	�� �����!� ����"��!�����	�!�

Timisoara, Prag, Rzeszów, Delft, Ca-

talunya, INSA Rennes, ECCS, Feld-

mann + Weynand GmbH and Arce-

#����		�#�^�#��#���*�7��������(�8��

�������	
�2020-2022

���������	��	�
 RFCS

��	����


Dipl.-Eng. Georgios Skarmoutsos

Gloria Hofmann, M.Sc. 

�.�/*0�0#'�

Key aspects for the design of seis-

mic resistant steel and composite 

steel-concrete structures are the uti-

lization of the steel material ductility 

as well as the selection of the appro-

priate structural system. These will 

�##��������7��	��������
	��"	�������

the internal forces and dissipation 

of the energy induced to the struc-

ture by earthquake. 

8��
����	������V��	�����@�B�	�������#��-

���	� ��� ���>�#�$��!� ��

���	���!�

partial-strength bolted beam-to-co-

#���V���	
�����
	��#����������
�	��

structures and for use primarily in 

Moment Resisting Frames and (ii) the 

preparation, on the basis of the per-

formance-based-design concept, of 

design guidelines for certain struc-

tural systems regarding the allowa-

ble deformations and their energy 

dissipation capacity. Additionally, 

when referring to low-to-modera-

te seismicity areas, criteria for the 

assessment of the need for energy 

dissipation in the structure will be 

developed.  These investigations in-

volve numerical studies as well as 

���#���V���	�	�
	
�����
	�	�������������

	�
	
���������V��	����
�	��
�#��	���#��

adopt already known, valuable prin-

ciples of seismic design and develop 

new ones, applicable for areas of up 

	�� ������ 
��
����	������
� ���V��	�

�
�"��������������	�V���	#����	��	���

RWTH Aachen, Center for Wind and 

Earthquake Engineering.

�������	
�2020-2023

���������	��	�
�AiF - FOSTA

��	����


Dipl.-Eng.

Georgios Skarmoutsos

���1����2���,�������

�����	���	����	������

�����������������������

Georgios
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��		�����	�
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Stability of rolled

sections s.t. axial force, 

bending and torsion

Double symmetric steel sections, 

especially rolled sections, are the 

most important type of members 

used for steel and hall constructions, 

due to their high load bearing capaci-

	������	�����%�E�"�#�	����
#	���������

��#����������	�#�������4������
!�

they are used for columns and trus-

ses, as well as for purlins and runway 

beams. As a result of their slender-

ness, the sections are often sensiti-

���	��"�;#�������������#
���������-

	�����	�������
��E	����#���%����
�

�������"���	���
������7����	���	��-

nal forces.

This can be illustrated quite well by 

the example of a runway beam sub-

jected to dual-axis bending stresses 

with torsion, due to the horizontal 

#��������	�	���	���%������*�������-

celeration and brake-application of 

the crane, additional axial forces in 

	���������
������������	#�!�
�����#�

��
������>������	
��E�
	� 	��������

"�;#������
�
	����!��������!�	��
��

are often too complicated for practi-

cal application. Also, the cross secti-

�������$��	���
�"�
������#�����	�
	�

results according to the theory of se-

����������!����	����>���#��	����-

"�����	����������������������	���-

clude all internal forces. Within the 

frame of this research project and 

based on large scale tests, extended 

�����
��������#�
�"�
���������-

code 3 Part 1-1 Section 6.3.3 allowing 

practical calculations for interactions 

of axial force, bending moments and 

	��
�������������#�����

Duration: 2016-2019

Project funding: AiF - DASt

Contact:

+�"��������!���(���

4�����	���#��� 
	��#� ����#
� ����

used more frequently in the design 

of new bridges, due to architectural 

and/or structural demands. In order 

	��
������	����#��������
�>��	#��	��

������
��	��������	����	����������-

ment, they are used at large spans. 

����������
���������������#���	���!�

with maximum depth at an interme-

diate support and minimum depth 

at the mid span. Steel bridges built 

up of slender panels which tend to 

buckle may be designed based on 

�4� ��������!� ������ �7��
� ������

�	���
� 	��� �7��	���� ���	�� ��	�����

As a consequence of the optimized 

shape of new bridges also nonrec-

tangular panels are used, most com-

monly as web panels of girders with 

��#�����%��������������	���#����	-

����#������	�����`������!����������-

�#���	�������	����7��	�������	����-

thod only rectangular panels with 

����##�#� %����
� ���� 	�;��� ��	�� ��-

count. This may also be applied for  


���	���=������������	��	����E�
	����

�#�
��`������!������
�����	���#������

angles, the stability of panels has to 

be checked with the higher width.

{�	����	�����������;��������������

Research Project OUTBURST (Opti-

mization of Steel Plated Bridges in 

(����� ���� (	����	�B� �E�������	�#�

�
���##��
��������#� ����
	���	���
�

���	���"�;#����"�����������
	�7�-

���������
	�7�����������	���#���

panels were conducted. Based on the 

����
	���	���
�������������	����
����

�������������������	���4����������

��
� ����#����� ���� �����
��������

�	����
����	��
����V��	������#���	��

more economic and safe design for 

nonrectangular panels. The project 

��
�����������	������	��'�����
�	��

of Coimbra, Ljubliana and Lisboa, 

8)�34!�8^�(!����!�&�3*�

Duration: 2016-2019

Project funding: RFCS

Contact:

����������
	��!���(��

Buckling behaviour of 

nonrectangular panels

In the construction of large quay 

walls in deep sea ports, combined 

steel sheet pile walls; consisting of 

I-shaped king piles and Z-shaped 

intermediate piles; are frequently 

used to compensate for high topo-

graphical changes. In order to pro-

����� �� ����� ���������#� ��
���� ���

combined steel sheet pile walls, re-

garding stability, the soil bedding 

���	���
	��#����$#�
������������
����


��#
� ��
� ����
	���	��� �E�������-

tally and numerically in the project 

�*���#�����	� ��� �L����	� ��
����

principles for king piles of combined 


	��#���#������##
�@�����B ��8���	����#-

#�!��7��	
�
����
�	������	��#!�#����-

tudinal welding of double king piles 

were taken into account and design 

�#�
�"�
������	����������������	�

�����������������

In cooperation with the TUHH the de-

sign rules for stability will be exten-

����	�����#�������
����
��#
����	���

current successor project „Optimi-

zed design of combined steel sheet 

piles for the loading process and the 

$��#� 
	�	��¡� ��
�	���� ���
	��	����#�

�7��	
!�
����
��� 	���;������������

base weld of the double king piles, 

can be taken into account for a more 

economical design. Furthermore, 

interaction relationships will be de-

��#���������	���;������#�
�������#�-

"�#�
	��

�����#���#�%�����"�������

Duration: 2018-2021

Project funding: AiF - FOSTA

Contact:

8#�E�����������
!��������

Combined steel sheet 

pile walls

Alexander
�����
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����
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,���+�����������,�	���

����������������������

Combined steel sheet pile walls are 

mainly used for quay wall construc-

tions as a retaining element. They 

are typically designed as 2D sys-

tems. There is only little informati-

on on the 3-dimensional load bea-

ring behavior of combined walls. On 

one hand, there are no approaches 

�������	����	������� 	��� ��%�����

���	����������	�#����������7��	�����

how the load distributes on the steel 

members. On the other hand, a ver-

tical arching bow occurs due to the 

depth-dependent increase in earth 

and water pressure. The inclusion of 

both, vertical and horizontal arching 

�7��	
� �
� ��	� 	�;��� ��	�� �����	��

Thus, the aim is to determine the 

load distribution regarding the geo-

technical modelling and to investi-

gate the three-dimensional load be-

aring behaviour of combined walls, 

which are loaded with earth and wa-

ter pressure, in order to improve the 

design rules and guidelines. For this 

purpose, small compression with 

beam tests and larger piling tests are 

planned using the geotechnical de-

	��������#����
�>�������������V��	�

�
� ���������	� 	���	������	�� 	����'�

Hamburg, Institute of Geotechnical 

Engineering and Construction Ma-

nagement.
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Alexander Enders, M.Eng.

The use of slender steel members 

promotes the competitiveness of 

steel structures in structural en-

gineering. However, it requires an 

�L����	���
���!�������	��#�������	���

structural stability behaviour such 

as lateral torsional buckling. Typical 

V���	
�"�	��������������
���������

beams often deviate from the ide-

alisations (fork bearing), on which 

normal design methods, in parti-

cular assuming simply supported 

members, are based. Depending on 

	���	�������V���	!�	���	��
����#�
	�7-

��

� �����
� ���� �� 
����$���	� ��7�-

rence in the structural behaviour 

between idealised and real structu-

ral behaviour may exist. Additional 

�7��	��
��������	�����#�
��	����

-

med idealistic boundary conditions 

�������	�����8���$��##�!��	�	���
�
	���

level, continuous girders or frames 

are more common than simply sup-

ported beams.

���� ���V��	� �����

�
� 	��
�� �����

questions of realistic boundary con-

��	���
�����
�
	����7��	!�����������

lead to uncertainties in design. La-

teral torsional buckling tests will ex-

������	�����#�V���	
�����������	����

��	��#
�����	�������#��������7��	
 �

as well as indeterminate structural 

systems, so that subsequent syste-

matic numerical investigations can 

lead to supplementary rules. There-

����!�	����������	�����
���������V��	!�

carried out in collaboration with the 

Chair of steel, light- and composi-

	��
	��	��
����	�������'�����
�	¢	�

Bochum, is to extend the applica-

	������������� 	���
���#�$�����
����

methods and to adapt the design to 

realistic conditions for the practice.

�������	
�2020-2022

���������	��	�
�AiF – FOSTA

��	����


Fabian Jörg, M.Sc.

7��	������	����������	-
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��������$��	�������	���������

���

%������
�����>���#��	�������

����

member represents a clear and easy 

model for the check of lateral-torsio-

nal buckling in practice. This traditi-

���#�	�����������$��	�����
����������

EN 1993-1-1, para. 6.3.2.4 needed to 

be adapted for modern beam design 

considering the point of load intro-

duction as well as mono-symmetric 

sections. For bridges, the existing 

����$��	������	�����
����
����	����

regarding the plateau length of the 

reduction function and the choice 

of buckling curve d for welded sec-

	���
��8#
�!�����������$�����
�������

"���
�
"V��	���	��#�	���#�	��
����#�

"�;#���!�	��
�
���#�$�
�������������

��� �>���#��	� ������

���� %�����

is possible, depending on adequa-

tely chosen material parameters. 

In fact, in most cases the residu-

al stresses of welded sections are 

more critical than of rolles sections. 

However, regarding welded sec-

	���
� 
����	�$�� $�����
� ��� ��
���#�

stresses caused by the welding of 

the sections were lacking.Within the 

���V��	!���
���#�
	��

�
���������-

sured for the same girder sections,

which were tested for lateral torsi-

onal buckling. Furthermore, in case 

��� $��� 	��
�� ��
���#� 
	��

�
� ����

be neglected because of their min-

�����%����
����	���"�;#����"���-

viour. Therefore, the aim of the pro-

V��	!����������	������##�"���	������	��

the Chair of Steel, Light- and Com-

��
�	�� (	��	��
� ��� 	��� ����'��-

versity of Bochum, was to identify 

	�����%����������
���#�
	��

�
����

the member resistance of steel gir-

ders, vulnerable to lateral torsional 

"�;#���������#������$��������	���
��

�������	
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Fabian Jörg, M.Sc.
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Holistic evaluation of 

steel and composite rail-

way bridges

Refurbishment of

orthotropic steel bridge 

decks by bolted solutions

Usually, orthotropic steel bridge 

decks consist of a deck plate, lon-

��	����#� 
	�7����
!� 	���
���
�� ����

main girders. Originally, a fatigue 

design of these road bridges was not 

mandatory, in contrast to the design 

rules for railway bridges and the re-

quirements of today‘s standardizati-

on. The unexpectedly rapid increase 

���������	��L����������	�����
�����

	����

����	�����������	��L��#���
�

����� #��� 	�� ����� ��	���� ����;
!�

especially on welded joints.

Besides other damages, damages of 

the category 2 (cracks in the connec-

ting area of cross girder and longitu-

����#�
	�7����
B�������
	���������

In practice, these cracks are usually 

repaired by grinding and rewelding, 

"	���	�����	���	��	�����
������7��	��

In the context of this research pro-

V��	!� ��� ������	���� ����"�
����	�

	�����>�� ��
� ����
	���	��!� ������

focused on the use of a bolted solu-

tion by means of mechanical fasten-

��
�����������#�"#��������	
��������-

	����	�
	
����"#��������	
��#
������

allow the extension of the scope of 

application to other cyclically loaded 

connections of hollow sections. First 

pilot applications on bridges, which 

����� 	�� "�� ������	��!� ���$��� 	���

�����	���
����	���
�#	����

Duration: 2015-2019

Project funding: AiF - DASt

Contact: 

(�����^���!���(��

Fatigue of thick-walled 

CHS-joints under consi-

dering the weld quality

Welded trusses made of circular 

hollow sections are widely used in 

structural and mechanical enginee-

ring as well as in plant constructi-

on. In the last few decades, the use 

of thick-walled circular hollow secti-

on joints, whose chord diameter to 

wall thickness ratios ��= do/ (2 to) re-

������#�
���� ��< 12 and for which 

there are still no accepted standar-

dization rules, increased. The closed 

cross-sectional shape of hollow sec-

tions leads to a one-sided welding 

process. This may cause weld irre-

gularities at the weld roots of hol-

low-section joints, such as weld root 

openings or incomplete fusions at 

the crown-toe. Sometimes hollow 


��	����V���	
������"����>�
	������

because a reliable detection of in-

ternal weld irregularities by non-de-


	��	����	�
	����@4*�B��
�����#����-

possible.

To counteract this, the research pro-

ject FOSTA P1163 focused on such 

�����#���	��
������#�
!�	�������%��-

ce on the fatigue strength and their 

������
	��	������	��	�����3������	�-

on, the transferability of the results 

from the predecessor project to lar-

ge scale structures (chord diameter 

do�¥�||=���B�����	����7��	
����	���

weld design on the fatigue strength 

�����>��	�$����3��������	�������	���

way for standardization, a DASt-gui-

deline was drafted. The project was 

���#�
���"�� 	���'�����
�	�����(			-

���	!� ������ '�����
�	�� ���8��#����

Sciences and the Ultrasonic Rese-

arch Center in Halle.

Duration: 2016-2019

Project funding: AiF - FOSTA

Contact: 

(�����^���!���(��

������*���3������	���
��#��

Compared to concrete bridges, for 

the majority of small and medium 

spans, steel and composite bridges 

������	������	�	��������������������
-

truction costs. Further criteria consi-

dering the whole life cycle of bridges 

����������������������	��	��
�����

steel and composite bridges. Since 

����"�����
����
������#�	����
�
-

tem considering the sustainable cri-

teria existed, this project concentra-

	������
�
	���	�������
	���	���
����

��%������� ���	��
�� ���� �������	�

aim of this project was the holistic 

assessment of steel and composi-

te railway bridges. The aspects of 

economic, ecological and functional 

quality were regarded during the en-

tire life cycle of railway bridges. Im-

���	��	���	��#
���������
�����������

of durability and fatigue design. Sin-

���	�������������	������	�������	�-

cal details has major consequences 

for the lifetime and the maintenance 

��
	
����	������
	��	���!�����
	���-

	���
�
����	���"��
����$�� 	�
	�
�-

ries were realised. 

The project was a cooperation with 

the Karlsruhe Institute of Techno-

#���� @)3�B!� 	�����������#� '�����
�	��

������ @�'�B!� 	��� *����	���	� ���

��������#����������������� 	���������

of Building Physics and the German 

���#���� ��	���;� �����	��� *^� 4�	��

AG.

Duration: 2013-2016

Project funding: AiF - FOSTA

Contact:

Dr.-Ing. Stephanie Breunig
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standardisation

The standard EN 1993 „Steel Struc-

tures“, with its general and applicati-

on codes consisting of a total of 20 

parts, represents a very large set of 

rules that is important for building 

practice. The 2nd Generation of Eu-

rocodes is being developed at the 

moment. 

The evolution, revision and impro-

vement of EN 1993 at the European 

#���#��
�
�����
������
����	�$������

technical terms in the technical com-

mittee CEN/TC 250/SC 3 “Steel Struc-

tures“ chaired by Prof. Kuhlmann. 

This includes the feedback with the 

review of the Eurocodes taking place 

at national level and guidance of the 

��
#	
����	�����7����	����V��	�	���
�

of Mandate M/515 and the Europe-

��� ���;���� ����
������ ��� ���V��	�

teams work in the frame of Manda-

te M/515. They create the drafts for 

the technical evolution of Eurocode 

3. The work in 22 Working Groups of 

(���@������	����E���	
������7����	�

mirror committees) includes the ge-

neral revision and improvement of 

the code.  Prof. Kuhlmann represents 

SC3 in the higher level committees 

of TC250 in order to achieve the best 

possible harmonization and coordi-

nation with the other Eurocodes. 

��	����
�

Dr.-Ing. Christina Schmidt-Rasche

�������������	���������	�

�����,�����,����	��

���� ���V��	� ���
�
� ��� 	���

practice-oriented design of fati-

gue-loaded tubular bracings in steel 

and composite bridge design. The 

bracings are usually used in brid-

ge design with box girders as circu-

lar hollow sections with a welded 

connection between the slitted tu-

bular element and the gusset plate. 

Various design variants are current-

ly used in German bridge construc-

	���� ��	�� ��7����	� ��	���� ��#����	�

notches. Those are not regulated by 

the standards EN 1993-2 or EN 1993-

1-9. Therefore, the development of 

general rules is urgently needed to 

provide a more economical appro-

ach to the design and construction 

of steel and composite bridges.

By means of experimental investiga-

tions and numerical analyses, pre-

���
#�� ���#����	�����������$���

solutions were evaluated with re-

gard to their fatigue behaviour and 

optimized in accordance with manu-

facturing requirements. Within the 


����� ��� 	��
� ���V��	� ���� 
	��	��#�

engineers and construction compa-

nies, a recommendation for three 

��7����	���	�����	��#
�����	�����	��#�

catalogue in prEN1993-1-9 was pre-

pared and a proposal for supple-

menting and adapting the German 

design aids for steel and steel com-

posite bridges RE-ING published by 

the Federal Highway Research Insti-

tute was made.

�������	
�2019-2021

���������	��	�
�AiF - DASt

��	����
 

Lisa-Marie Gölz, M.Sc.

Bridges may be built using the in-

cremental launching method, which 

mostly determines the dimensions 

of the cross section of bridges. When 

the bridge is launched, it is of parti-

cular importance that the panel abo-

ve the launching support in the web 

as well as in the bottom panel are 


"V��	��� 	���#	���E��#�������

�-

ve stress states. Theoretical and ex-

perimental investigations of steel 

panels under multiaxial loading are 

very limited.

3��	��
���
���������V��	!�	�����##������

topics were investigated numerical-

ly and experimentally. For the glo-

"�#�����$��	�����4�������������
���	�

contain explicit rules, in particular 

����	������
�����	�������	�����%��-

ces from column-like behaviour in a 


	�7���������#�
"V��	��� 	��"��E��#�

compression stresses. The favourab-

#���7��	
����	���	��
����#�
	�7��

����

	���#����	����#�
	�7����
�
��#��"��

neglected according to the current 

rules. Due to the lack of investiga-

tions, it has been pointed out in li-

	���	��
�	��	�	���#����	����#�
	�7�-

���
� �
	� "�� ����$��� ���������� 	��

the II. Order Theory. Furthermore, 

	��� ��%����
� ��� ��������	���
� ��-

���������	����7����	�#��������
�
-

tems, namely rockers and hydraulic 

bearing systems, were investigated. 

��������#
���
������	��
�V���	����-

V��	� ��	���'� ������ ��##� "�� ���#�-

mented into EN 1993-1-5.

�������	
�2018-2021

���������	��	�
�AiF - DASt

��	����


Vahid Pourostad, M.Sc.
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Bearing of bridges or foundations of 

columns are typical situations, whe-

re high forces have to be transfer-

red from the steel via anchor plates 

into a localized concentrated area of 

concrete. The advantages of compo-

site structures can only be utilized, 

if these connection between steel 

and concrete meet economical and 

technical demands such as easy er-

ection. Especially for these cases the 

"�������������	�����	���V���	
���	��-

mined by the design standard tends 

to be very conservative due to a pos-

sible concrete edge failure. Further-

����!�	���"���$���#������	�����E�
-

ting reinforcement or superimposed 

loads on the load-bearing behaviour 

is usually not considered.

In reality, the bearing capacity of 

the anchor plate is increased by a 

superimposed load due to the com-

pression of the concrete and addi-

tional shear capacity based on the 

friction between steel plate and 

concrete.  Within this research pro-

V��	� �� ����	���#� ��
���� ������	� ����


	��#�	��������	�� V���	
� ��	�� 
��-

rimposed loads is developed consi-

������������ ��%����
!��7��	
����

to friction, mortar bedding and exis-

ting and supplementary reinforce-

ment. Experimental and numerical 

investigations on anchor plates with 

headed studs have been conducted 

and used to verify the design model 

which is derived from a component 

model. 

�������	
�2019-2021

���������	��	�
�AiF - DASt
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Maximilian Ziwes, M.Sc.

For highway bridges, numerous lar-

ge bridges with spans in the range 

of 50-60 m and above will have to 

be replaced in the coming years. 

For this span range, for the super-

structures steel concrete composite 

construction has established as an 

economical construction method. 

Recently, precast concrete elements 

have increasingly been used for 

building the concrete bridge deck. 

A transversely oriented steel struc-

ture is then required to support the 

precast elements, e.g. by arranging 

inclined struts with a tension band 

and secondary longitudinal girders 

or steel cantilever girders to support 

the precast elements. As a supple-

���	�	��	���^��3����V��	!��#	��
	�-

ge cyclic tests will be carried out on 

reinforced concrete decks in order to 

clarify the application of the dama-

ge hypothesis for fatigue loading. 

In addition, investigations in order 

	�� ��	������ 	��� 	��� %����� ��#����

connection for fatigue and a supple-

mentary structural monitoring are 

planned. 

���� ��
������ ���V��	� �
� �������� �	�

in collaboration with the consulting 

�L��� ��� ������ *���3���� '#��;�� )�#-

����!��'�^��#���@������*���3���)��
-

ten Geißler) and GMG Ingenieurge-

sellschaft, Dresden.

�������	
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Lena Stempniewski, M.Sc.

#��	���������	�����
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For large composite bridges, 

cross-sections with transverse can-

tilever beams and longitudinally 

spanning, non-prestressed concre-

te deck plates are frequently used. 

The use of semi-prefabricated con-

crete slabs allows a short construc-

tion time. The concrete slab spans 

in the longitudinal direction of the 

bridge, resulting in tensile stresses 

in the concrete slab above the sup-

port. This leads to cracked concrete 

cross-sections. Transversal forces re-


#	���������	��L��
����
�	�������#�

load of a lorry need to be transmit-

ted through this cracked concrete. 

Currently, in design the crack width 

is limited to 0.15 mm. 

 

3��	��
���
���������V��	!�������������

the load transfer of the transverse 

forces over the cracked concrete is 

�#���$��!����	����	���������	�����#-

ded connection of the cantilever to 

the steel web is experimentally in-

vestigated with regard to fatigue. In 

addition, a monitoring system on 

three bridges will provide informa-

tion about the actual stresses in the 

concrete slab and the connection of 

the cantilever beam. The research 

���V��	��
����������	������##�"���	�-

�����	��	������
#	�����L������������

*���3����'#��;��)�#����!��'�^��#���

(Prof. Dr.-Ing Karsten Geißler), GMG 

Ingenieurgesellschaft, Dresden and 

�'� ������ @������ *���3��� �#����� +�-

scher).
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Steel-to-concrete joints 

with concentrated 

loading

3������	���!� #����� �����
���	��������

to be transferred in a localized con-

centrated area of concrete structu-

res by steel-to-concrete joints. Typi-

cal applications are columns, strip 

foundations, anchor plates at the top 

of columns or the bearing points of 

bridges, which can be loaded by lar-

ge horizontal forces.

At the anchor plates close to the 

edge, concrete failure mechanisms 

��������
���!��
����#�������
�
���

as concrete edge failure may occur. 

The shear capacity of these joints 

according to current standards is 

generally too low. As consequence, 

complicated solutions for this de-

tail are designed in order to trans-

fer high loading into the concrete 

structure. Within this research pro-

ject, appropriate design models for 

steel-to-concrete joints under con-

���	��	��� #�����������������	��*34�

�4������¦����������#������3������-

tion, high strength materials were 

considered within the project to in-

crease the load carrying capacity 

of these joints. Based on tests and 

numerical calculations an analytical 

design model considering also ad-

ditional reinforcement has been de-

������"�
������	�����������	���-

	��������������4�����������

Duration: 2016-2018

Project funding: AiF - DASt

Contact:

Dr.-Ing. Jakob Ruopp

�
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	��������#��	���-

���������!������%�E�"�#�	�����	��������

of connections between steel and 

concrete is required. According to 

current standards, the maximum 

number of fasteners is limited to a 

distribution of 3x3 anchors on an 

������� �#�	������� �"V��	���� ��� 	���

DASt/AiF research project was the 

����#�����	� ��� ���� ��#�#�	����

approaches for large anchor plates 

with more than nine headed studs.

3����##�"���	������	��	���'�����
�	��

of Kaiserslautern, the load-bearing 

"�������� ��� #����� ������� �#�	�
�

��
� ����
	���	��� "�� �E	��
���� 	�
	�

series. Tests under normal forces 

��������������	��	�	���'�����
�	�����

Kaiserslautern and tests under she-

��������
��	�	���'�����
�	�����(			-

gart. Within these experiments, pa-

rameters such as embedment depth 

of the headed studs, thickness of the 

anchor plate and eccentricity of the 


����� #������� ����� �������� +�	����

��%����� ������	��
� ����� ����
	�-

gated by means of numerical stu-

dies. A new calculation approach for 

#�������������#�	�
���
�����#�����

based on the component method. 

���
� ��������� ��
� ����$��� "�� �E-

�������	�#� ���� �������#� ����
	�-

gations and can be used for anchor 

plates with more than nine headed 

studs.

Duration: 2013-2016

Project funding: AiF - DASt

Contact:

Dr.-Ing. Jakob Ruopp

Large anchor plates

Prefabricated composite girders 

with horizontally lying studs are an 

economical solution for bridge con-

structions without interrupting the 

	��L���+���	������#���	�������������

smaller and medium bridge spans 

T-beam cross-sections with horizon-

tally lying studs connecting a prefa-

bricated concrete slab can be used. 

This design concept represents an 

������	������
�������������
�	����-

����
��
�	��������%��������	���
	��#�

�����������"��
�����"����#�����	���

studs on the steel web and the prefa-

"����	��� 
#�"� 
����
� �
� 
��7�#�����

for the cast-in-situ concrete. In this 

case the compression forces in the 

�����%���������������������#��"��

the concrete cross-section.

The capacity of headed studs in edge 

position is limited by splitting forces 

���	���������	��%��������	�����-

bined shear and tensile forces in 

	��������	�������	���������	��%�����

thickness. A design model for the 

tensional resistance according to 

*34��4������¦���
�"��������#�����

based on experimental and nume-

rical studies that takes into account 

the amount of reinforcement in the 

concrete slab. Higher load-carrying 

capacity of the composite girder can 

be reached by increasing the rein-

forcement ratio and the thickness of 

the concrete plate by applying the 

new design approach. The project 

contained testing of the edge situ-

ation of the horizontally lying studs 

���� 	�������#�����	������ ������	�

for designing the horizontally lying 

studs not only for shear but also for 

tension.

Duration: 2017-2018

Project funding: BASt

Contact:

Dr.-Ing. Jakob Ruopp

�����(	�������
;�!���(��

Horizontally lying studs 

under tension loads

Jakob 
Ruopp

Lena
Stempniewski

Composite 

Structures

Connections
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{�	����	��
�����������
���������-

V��	!� ����#����� 
�E� ���	���
� ������-

nated by the Institute of Structural 

Design, new application rules for 


#���%����
�#	���
����������#������

Currently, the design approach is ru-

led by national applications or ma-

����	���� 
����$�� 
#���%���� 
�#-

	���
������ ����#�����	� ��� ��	����#�

�#�
�
���#�$�
�����������#���
�	���

application rules. The aim was to in-

����
��	��������	�	�����

����
	��#�

���"�#����
�"������#�����������	�-

gral and holistic approach for the 

���#���	�������%�������
�
	��
���	��


	��#� 
#��� %���� "���
�� ^�� 
�� ���

new and optimized shear connector 

systems, the application of the slim 

%����
�
	�����
�"������	�������

���� ����#����� ��
���� �#�
� "�
��

both on experimental and nume-

rical results. In this context, exis-

	������
���� �#�
���� 	����������
�

����� "���� ����
��� ���� 	����� ���#�-

��	����	��
#���%����"���
!�
����
�

the 6 mm ductility criterion of shear 

connectors required for partial she-

ar connection. These rules were de-

��#��������������
�	��"���
����	���

early 1990s. In addition to the design 

rules, recommendations and guide-

lines for practical application of slim 

%����
�
	��
������"��������#������

This project was a cooperation with 

	���'�����
�	�����̂ �����������������-

to, SCI Steel Construction Institute, 

8���#����		�#����������"�

Duration: 2015-2018

Project funding: RFCS

Contact:

�������
�(�����!���(��

Application rules for 

�����8����,����

Within the frame of two industrial 

��
���������V��	
!� ������	������	�-

#��
�����������	��
������"����	�
-

	��� ���� ��������� 
���

�##�� ���

�������	���� ��	�� 8���#����		�#� �-

rope – Long Products, Luxembourg 

and Hilti AG, Liechtenstein. The CoS-

FB system (Composite Slim-Floor 

^���B� "�� 8���#����		�#� �
� 
�	�"#��

���������
�	��%�������
�
	��
������

steel beam is fully or partially em-

bedded in the concrete chord. The 

composite action is not realized by 

�������
	�
�"	�"��������	�������-

crete dowels. A common reinforce-

ment bar is positioned in a hole in 

the web of the beam. CoSFB concre-

te dowels show excellent performan-

ce with regard to bearing capacity 

������	�#�	�����������������������

Germany in summer 2014. The CoS-

FB concrete dowel system was ho-

noured with the “Ingenieurpreis des 

Deutschen Stahlbaus 2015”.

The X-HVB system of Hilti is particu-

#��#��
�	�"#������	�������$��	�������

existing steel structures to composi-

te structures. The shear connectors 

����$E���"�����������	�	�����
	�-

���
����	��������%��������	���
	��#�

beam. The powder-actuated fasten-

ers also ensure the ductility of the 

system. In the past, a German appro-

��#� ��
� ��������� ���� 	��
� 
�
	����

Within an extension of the product 

������ 	�� ����� 
��##� 
����� ������-

	��
�@�����	�¦=��B����������#���	���

������	��#����
������������������#�

��
�"����
	����������¨�
����	���"��

additional test series.

Duration and project funding:

8���#����		�#��==���=�¦

Hilti AG 2015-2016

Contact:

�������
�(�����!���(��

Innovative shear

connector systems

Composite beams with 

low degrees of shear

connetion (DISCCO)

{�	����	�����������;��������������

project coordinated by SCI, London, 

composite slabs with additional steel 


���	���� 
�������� 	���
���
�##�� 	��

	��� 
����	���� "���� ����� ����
	�-

��	���@*3(���B��'��������	�������-

��	���
!������	��#�
������������¦�

dealing with the minimum degree 

of shear connection lead to an une-

conomic dimensioning – especially 

�����
�����������	���
�������$-

led sheeting. When using modern 

	���
� ��� ���$#��� 
���	���!� ���-

rous tests showed that the real failu-

re load of headed studs were clearly 

lower compared with the prediction 

���	����>�	���
������������¦�

�������
	���	��	������#�"�����������

composite beams with low degree of 


�����������	���!������������
����

study was carried out. This study con-

$����� 	��	� �����
�	�� "���
� ��	��

degree of shear connection clearly 

lower than the current limit of 40% 

can also be calculated according to 

	��������	��#�
������������¦�@'�(�

����(�(B����������;���#��������	���

reduced bearing capacity of compo-

site slabs with additional steel shee-

	����
��������	���
���
��	��	���
�-

porting beam has to be taken into 

�����	������$�����
����	��
��	�
	
�

as well as results of further numeri-

��#�����
	���	���
�#����	�������#�
�

concerning the minimum degree of 

shear connection and the bearing ca-

pacity of headed studs when using 

���$#�������
�	��
#�"
�����
����V��	�

��
����������	������	��	���'�����-

sity of Bradford and Luxemburg , 

SCI Steel Construction Institute and 

8���#����		�#�

Duration: 2012-2015

Project funding: RFCS

Contact:

�������
�(�����!���(��

*���3����+#�����������	

Johannes
 Schorr

Florian
�����	

Composite

Structures

Composite Beams &

Shear Connections
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���"���������	�������
�	�� @���B�

structures are an economical and 



	����"#�� �#	����	���� 
�#	���� ����

road bridges with span lengths up 

to 30 m compared to pure timber or 

pure concrete bridges. Around 50 % 

����##������"�����
����&������������

spans between 5 and 30m, which 

shows the market potential. Through 

the combination of timber and con-

���	�!� ������� 
	�7��

� ���� �������


	����	�������������������������
���

	��	��"���"�����
��������	��������$-

cations play an important role for an 

application for road bridges.

8
���$�
	�
	��!�	�����	����"��������

of a notched connection, which is 

�������
��	�����
	��	!���
�����
	���-

	����3��	�����E	�
	��!�	�����	��������-

$��	��������	�����#����������"�����
�

��
��������������
���#�$����������

��7����	� 	���
����"���������

�
��-

	���
���	�������
�
����#���	�
!�
��-

�����#���
�"�	������=������¦=�����
�

����	�����7����	���	����#��������#
�

���������
	���	�������	��#����		��	�-

�����
������	��	�����	��������$��	�-

on of the notch, which has to transfer 

high longitudinal shear forces. The 

results show that for most of the TCC 

�����"�����
���	��������$��	���
����

	���	��"������"��
�������	�����
����

����������
���	��	���
	����	������$-

��	���
�������������� 	��L����#���

���� #����
������� #���
�����==�����
�

or more may be realized with regard 

to fatigue.

Duration: 2012-2014

Project funding: AiF - iVTH

Contact:

(����������!���(��

Dr.-Ing. Katrin Kudla

%�����2�����������+���2-

cation of timber elements 

in TCC road bridges

Timber constructions become more 

and more important for multi-storey 

and industrial buildings. But for this 

$�#�� ��� ���#���	���� ��>������	
�

����������$������	��	���!�
������-

sulation and loading become more 

stringent. For this reason, tim-

"���������	�������
�	�� %���
� ����

chosen more and more frequently. 

���
� 	���� ��� %���
� ��	�
	���
� 	���

stringent requirements and has a 

����� ����� ��
	�"���$	� ��	���� (����

�����	���
� �������%���
� ���� �����

strength, excellent physical proper-

	��
!�
��##������##�	���;��

�������-

	���#�	�#���	�������
����$����	����#�

properties. Floors with long span 

lengths for high concentrated and 

distributed loads are possible.

Within the research project, a new 

	�����������%���!�
�	�"#�� ���������

#���
!���
�����#������������	�����

connection between timber and con-

���	����
�����
	���	���������	��#����

3	���
� ��������� 	����	��� 	�������

��>������	
�� �E�������	�#� �
��

out and beam tests were performed 

in order to determine strength and 


	�7��

����	������
���������	�������

	������#��%�������
!�����
������-

del and a calculation method were 

�����
�������	�����������%����
�
-

tem. This project was a cooperati-

�����	���3��34��'4&�*�	
��#����

GmbH.

Duration: 2014-2017

Project funding: 8�+�©3�

Contact: 

(����������!���(��

"���8��������

industrial buildings

Fatigue behaviour of 

notched connections for 

TCC-beams

����������"V��	�������	������V��	��
�

	�����#�
��	�����	����"�����������

timber-concrete-composite beams 

@���^���
B� ��	�� ��	����� ������-

tions. Firstly, the transferability of 

accepted methods and procedures 

in design of steel and steel-concre-

te-composite constructions was re-

��������8�� ���������	�� ��	���� ��-

��$��	������##�"�������������������	��

allow for the practical application of 

this connection in road bridges and 

other types of constructions with re-

#����	� ��	���� #�����������
� ���V��	�

is carried out in close collaboration 

with the TU Braunschweig (Prof. Sie-

���B��8	�	����'�̂ ���
������!�����-

���	�#�����
	���	���
����	�����	����

properties of self-drilling full threa-

����
����
��������������	����������$-

cation process, which originally was 

������������
	��#������
	��#�������-

te-composite beams is studied. This 

��
���������

��
�"�
������(�4���-

��
�����	���#�����������������-

lation hypothesis by Palmgren and 

������

It is checked if this process is also 

applicable for notched connections 

in TCC-beams or whether additio-

nal limitations are necessary. The-

refore, preliminary studies are con-

��	��� 	�� ����	���� ��

�"#�� �7��	
�

��� 
�>��	��#� ����������	
� ��� ��-

riable amplitude spectrum and the 

remaining bearing capacity after a 

cyclic testing for a number of cycles 

without fracture. The conducted in-

��
	���	���
���� 	��� ��	����"�����-

our of notched connections within 

this research project should enable 

��
���������L����	�
�����	��
�;����

of connections.

Duration: 2018-2021

Project funding: DFG

Contact:

(����������!���(��

Simon
�����

Katrin
Kudla

Timber Structures

Timber-Concrete-

Composite Structures
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+�������V���	
���	����������������-

ce and easy-to-create connections 

is the key to the economic optimiz-

ation of timber structures. While the 

load-bearing capacity is already co-

vered correctly by the standard, the 

��	������	�������	���������	����
	�7-

ness is not satisfactory. In addition 

to a redistribution of internal forces 

in the system, with an accurate pre-

diction of the load-displacement be-

haviour, e.g. with the component 

method, also the expected failure 

mechanism of the connection can 

be predicted.

The aim of the cooperation research 

���V��	���	��	���'�����
�	�����8��#����

Sciences Biberach is to investigate 

and quantify the load-displacement 

behaviour of dowel connections as 

accurately as possible. Among other 

	����
!�	����7��	
����������������	���

number of dowels in the grain direc-

tion, of the load-to-grain angle or of 

the slenderness of the fastener or 

	�����%�����������������������
-

��
����	���
	�7��

������"�����E�-

mined.

�������	
�2019-2021

���������	��	�
�AiF – iVTH

��	����
 

Julius Gauß, M.Sc.

'(���	�����������,���

��������		�����	�

High-performance wooden structu-

��
���>����	���
�#��	������%�������

of the deformation behaviour of the 

V���	
�� 3�����	���� 	��"��� V���	
� ����

������������7����	����������	
 �

that can be put together according to 

	�����
�����������	��
����	���V���	
��

The component method is approp-

riate for the optimisation of timber 

V���	
����� ���� 	�����	������	�������

	���������	����
	�7��

!��������
���-

quired above all in today‘s common 

use of computer-based methods for 

the calculation of internal forces and 

����$��	�������	�����
�����`������!�

	��� ��#�
� ���� 	��� ������	���� 
	�7-

ness of dowel connections in soft-

wood stored in the current Eurocode 

5 are incomplete. For hardwoods, 

no systematic investigations of the 

deformation behaviour exist yet.

���� ���� ��� 	��� ���V��	� �
� 	�� 
����-

$���	#�� ������
�� 	��� ��	�� "�
�� ���

connection deformation through 

experimental investigations on 

approx. 165 connections in hard- and 

softwoods. By processing and ma-

king available the research results 

for practice and standardisation, as 

well as developing guidelines for an 

economical and safe application of 


	�7��

����	��"������
	��	���!�	���

design of even demanding enginee-

ring load-bearing structures can be 


���#�$���

�������	
�2021-2022

���������	��	�
�`�#�"���7��
����

��	����
�

Lea Buchholz, M.Sc.

�		�+���+�����,�����	�� �	��������'�,����

�����	�������,��

����������

RP-7 is part of the Cluster of Excel-

#����� 3�	�*�� �	� 	��� '�����
�	�� ���

Stuttgart. The aim is to develop an 

integrated approach for the design 

����$��	��������������
	��	�������-

ducts and processes on the basis of 

experimental and numerical investi-

gations (abbr. IATN) which respects 

or further develops the basic rules 

in Eurocodes for timber constructi-

on is the aim of RP7. The idea behind 

IATN is an integrated design appro-

ach, whereby extensive experimen-

tal investigations can be replaced by 

numerically simulated tests. 

For the development of IATN, the 

Institute of Structural Design is ex-

perimentally investigating the em-

bedment properties of dowels in 

������ ���� 
��	������ 3�%����
� ���

defects, the load-to-grain angle and 

the diameter of the fastener are also 

systematically recorded. The expe-

rimentally obtained embedment 

properties serve as input values for 

numerical models of dowel connec-

	���
�����
����������$���������#���-

ted by connection tests, which have 

been and are being conducted in two 

��	���� ��
������ ���V��	
�� +���##�!�

comprehensive parameter studies 

can determine the model uncertain-

ty and thus the prediction accuracy.

�������	
�2019-2022

���������	��	�
 DFG

��	����
 

Julius Gauß, M.Sc.

Lea Buchholz, M.Sc.

Julius
Gauß

Lea
Buchholz

Timber Structures

=��	��
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With the increasing use of long-

span structures made of glulam 

and innovative hardwood products, 

increasingly slender load-bearing 

structures with higher imperfecti-

on sensitivity are being designed in 

timber construction.  An extensive 

measurement programme in coope-

ration with the Institute for Photo-

������	���@3��B����	���'�����
�	�����

Stuttgart on real members will cre-

ate a database with geometric im-

perfections of hardwood elements 

(especially LVL) and elements (espe-

cially glulam) made of softwood that 

����
"V��	�	��"�������
	��

�
����-

gether with assumptions on struc-

tural imperfections, the measured 

geometric imperfections serve as 

input values for systematic FE-cal-

culations for the determination of 

the load-bearing capacity of imper-

fection-sensitive timber members. 

The comparison of the „numerical-

ly“ determined equivalent imperfec-

tions with the approaches of the Eu-

rocode allows an evaluation of the 

�E�
	���� ����$��	���� ��	���
� ����

the derivation of recommendations 

for improved approaches.

 

Finally, recommendations for the 

equivalent imperfections of imper-

fection-sensitive timber members, 

are to be given, which allow an eco-

nomic design at a uniform safety le-

vel. 

�������	
�2020-2021

���������	��	�
�DIBt

��	����
 

Janusch Töpler, M.Sc.

�����������	��������-

��	����	����,��

���,���

*�� 	�� ����#���� %�E�"#�� "�;#����

and lateral torsional buckling of 

long-spanning timber beams, stabili-

ty failure often occurs in these mem-

bers. According to current investi-

gations, for a combined loading of 

compression and bending the equi-

valent length method according to EN 

1995-1-1 is partly far on the safe side, 

which makes an economic and com-

petitive design of such timber mem-

"��
� ���
�����"#�� ����� ��L�#	�

���� ���� ��� 	��� ��
������ ���V��	� �
�

therefore, to create the data base 

for analytical and numerical inves-

tigations by means of experiments, 

on the basis of which the combined 

equivalent length method of in-pla-

ne buckling/lateral torsional buckling 

can be economically optimised and 

the moment-normal force interacti-

on relationship for members at risk 

of lateral torsional buckling can be 

revised. Within the scope of the test 

���������!� 	��� ��%����� ��� 
#��-

derness and the ratio of moment to 

normal force on the load-bearing be-

haviour of timber beams are to be 

investigated. Based on this analyti-

cal and numerical investigations will 

"�������	������������
�������$��	�-

on should enable planners as well 

as small and medium-sized timber 

construction companies to plan and 

erect more economical and compe-

titive timber structures.

�������	
�2021-2022

���������	��	�
�AiF – iVTH

��	����
 

Janusch Töpler, M.Sc.

0�����J����	���������;��-

��+����	����������

��*��	��������	

RP-7 is part of the Cluster of Excel-

#����� 3�	�*�� �	� 	��� '�����
�	�� ���

Stuttgart. The aim is to develop an 

integrated approach for the design 

����$��	��������������
	��	�������-

ducts and processes on the basis of 

experimental and numerical inves-

tigations (in short: IATN), which re-

spects the basic rules of the Euro-

codes or further develops them into 

a guideline for FE-based design in 

timber construction.

The idea behind IATN is an integra-

ted design approach, whereby ex-

tensive experimental investigations 

can be replaced by numerically si-

mulated tests. Experiments are ho-

wever needed for the validation of 

numerical models, which then allow 

within parameter investigations to 
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can be dealt with as proposed in Eu-

rocode 0 Annex D. Within the de-

velopment of IATN case studies 

on e.g. slender beech LVL (lamina-

ted veneer lumber) columns will be 

conducted.   Within the scope of the 

case study on slender beech LVL co-

lumns, the load-bearing behaviour 

of such columns prone to in-plane 

buckling is investigated experimen-
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Based on further material tests on 

hardwood LVL, a FE model is de-

veloped, validated and used for para-

meter studies to determine the buck-

ling curve for beech LVL columns.

�������	
�2019-2022

���������	��	�
 DFG

��	����
 

Janusch Töpler, M.Sc.

�	�����!��'�,����

�����	�������,��

����������

Janusch
 Töpler

Timber Structures

%��,������<

Standardisation


