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Publisher's note: this book has been produced from electronic files provided by the individual con-
tributors. The publisher makes no representation, express or implied, with regard to the accuracy of 
the information contained in this book and cannot accept any legal responsibility or liability for any 
errors or omissions that may be made. 
 All titles published by RILEM Publications are under copyright protection; said copyrights being the 
property of their respective holders. All Rights Reserved.  
No part of any book may be reproduced or transmitted in any form or by any means, graphic, elec-
tronic, or mechanical, including photocopying, recording, taping, or by any information storage or 
retrieval system, without the permission in writing from the publisher. 

RILEM, The International Union of Laboratories and Experts in Construction Materials, Sys-
tems and Structures, is a non profit-making, non-governmental technical association whose 
vocation is to contribute to progress in the construction sciences, techniques and industries, 
essentially by means of the communication it fosters between research and practice. RILEM’s 
activity therefore aims at developing the knowledge of properties of materials and perfor-
mance of structures, at defining the means for their assessment in laboratory and service con-
ditions and at unifying measurement and testing methods used with this objective. 

RILEM was founded in 1947, and has a membership of over 900 in some 70 countries. It 
forms an institutional framework for co-operation by experts to: 
 optimise and harmonise test methods for measuring properties and performance of building 
and civil engineering materials and structures under laboratory and service environments, 
 prepare technical recommendations for testing methods, 
 prepare state-of-the-art reports to identify further research needs, 
 collaborate with national or international associations in realising these objectives. 

RILEM members include the leading building research and testing laboratories around the 
world, industrial research, manufacturing and contracting interests, as well as a significant 
number of individual members from industry and universities. RILEM’s focus is on construc-
tion materials and their use in building and civil engineering structures, covering all phases of 
the building process from manufacture to use and recycling of materials. 

RILEM meets these objectives through the work of its technical committees. Symposia, 
workshops and seminars are organised to facilitate the exchange of information and dissemi-
nation of knowledge. RILEM’s primary output consists of technical recommendations. 
RILEM also publishes the journal Materials and Structures which provides a further avenue 
for reporting the work of its committees. Many other publications, in the form of reports, 
monographs, symposia and workshop proceedings are produced. 

https://doi.org/10.51202/9783816793977-I - Generiert durch IP 216.73.217.60, am 08.05.2026, 07:29:11. © Urheberrechtlich geschützter Inhalt. Ohne gesonderte
Erlaubnis ist jede urheberrechtliche Nutzung untersagt, insbesondere die Nutzung des Inhalts im Zusammenhang mit, für oder in KI-Systemen, KI-Modellen oder Generativen Sprachmodellen.

https://doi.org/10.51202%2F9783816793977-I


 

III 

 
HPFRCC-7 

7th RILEM Workshop on 
High Performance Fiber Reinforced 

Cement Composites 
 
 

Stuttgart, Germany 
 

June 1 – 3, 2015 
 
 
 
 

Edited by H.W. Reinhardt 
Department of Construction Materials, 

University of Stuttgart, Germany 
G.J. Parra-Montesinos 

Dept. of Civil & Environmental Engineering, 
University of Wisconsin, Madison, USA 

and H. Garrecht 
Department of Construction Materials, 

University of Stuttgart, Germany 
 
 
 
 
 

RILEM Publications S.A.R.L. 
Der Fachverlag zum Planen und Bauen

https://doi.org/10.51202/9783816793977-I - Generiert durch IP 216.73.217.60, am 08.05.2026, 07:29:11. © Urheberrechtlich geschützter Inhalt. Ohne gesonderte
Erlaubnis ist jede urheberrechtliche Nutzung untersagt, insbesondere die Nutzung des Inhalts im Zusammenhang mit, für oder in KI-Systemen, KI-Modellen oder Generativen Sprachmodellen.

https://doi.org/10.51202%2F9783816793977-I


High Performance Fiber Reinforced Cement Composites (HPFRCC7), 
Stuttgart, Germany – June 1-3, 2015 

IV 

 

RILEM Publications 
 

RILEM Publications are presented in 6 collections, corresponding to the 5 clusters of active 
RILEM Technical Committees, sorted by fields of expertise, and a 6th multi-thematic collec-
tion dedicated to journals and compendiums: 

A. Mechanical Performance and Fracture 

B. Test Methods, Materials Characterization and Processing 

C. Service Life and Design 

D. Durability and Deterioration Mechanisms 

E. Bitumen, Masonry and Timber 

F. Journals and Compendiums 

Each publication is assigned to one of the following series: reports (REP), proceedings 
(PRO), compendiums (COMP) and journals. The former CD-ROM series is now included in 
one of these series. 

Each publication is available in at least one of the three following editions: print (PR), CD or 
DVD-ROM (CD), or online (OL). 

Online editions are available through our web site, at http://www.rilem.net 

The RILEM DVD-ROM, gathering several thousands of online articles, is also published and 
updated each year (internal publication, circulation restricted to RILEM Benefactor Mem-
bers). 

 

The following list is presenting our global offer, sorted by series. 

 

RILEM PROCEEDINGS 

PRO 1: Durability of High Performance Concrete (ISBN: 2-912143-03-9); Ed. H. Sommer 

PRO 2: Chloride Penetration into Concrete (ISBN: 2-912143-00-04); 
Eds. L.-O. Nilsson and J.-P. Ollivier 

PRO 3: Evaluation and Strengthening of Existing Masonry Structures (ISBN: 2-912143-02-0);  
Eds. L. Binda and C. Modena 

PRO 4: Concrete: From Material to Structure (ISBN: 2-912143-04-7); Eds. J.-P. Bournazel and 
Y. Malier 

PRO 5: The Role of Admixtures in High Performance Concrete (ISBN: 2-912143-05-5); 
Eds. J. G. Cabrera and R. Rivera-Villarreal 

PRO 6: High Performance Fiber Reinforced Cement Composites - HPFRCC 3 
(ISBN: 2-912143-06-3); Eds. H. W. Reinhardt and A. E. Naaman 

PRO 7: 1st International RILEM Symposium on Self-Compacting Concrete (ISBN: 2-912143-09-
8); Eds. Å. Skarendahl and Ö. Petersson 

PRO 8: International RILEM Symposium on Timber Engineering (ISBN: 2-912143-10-1);  
Ed. L. Boström 
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ISAP ’99 (ISBN: 2-912143-11-X); Eds. Y. Ohama and M. Puterman 
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PRO 19: Testing and Modelling the Chloride Ingress into Concrete (ISBN: 2-912143-22-5); 
Eds. C. Andrade and J. Kropp 

PRO 20: 1st International RILEM Workshop on Microbial Impacts on Building Materials (CD 
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(e-ISBN 978-2-35158-013-4); Ed. M. Ribas Silva  

PRO 21: International RILEM Symposium on Connections between Steel and Concrete 
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PRO 22: International RILEM Symposium on Joints in Timber Structures 
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PRO 25: International RILEM Workshop on Frost Damage in Concrete 
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Dedication 
 
The Seventh International RILEM Conference on High Performance Fiber Reinforced Ce-
ment Composites (HPFRCC7) and its proceedings are dedicated to three outstanding mem-
bers of our international community who have made significant and lasting contributions to 
broaden the safe application of fiber reinforced cement and concrete composites through fun-
damental understanding, testing, analysis, modeling and design. 
 
 
John E. Bolander 
 
John E. Bolander (born July 1, 1958) is a professor within the De-
partment of Civil and Environmental Engineering at the University 
of California, Davis. He received his Ph.D. degree in civil engineer-
ing from the University of Michigan, Ann Arbor, in 1989. He be-
longed to the faculty of engineering at Kyushu University, Japan, for 
five years prior to arriving at UC Davis in 1994. He received the 
Outstanding Faculty Teaching Award from the College of Engineer-
ing in 2006.  

Bolander has served as the Chief Editor of the international jour-
nal Cement and Concrete Composites for the period of 2006-2012. 
He received fellowship awards for computational mechanics research from the Japan Society 
for the Promotion of Science in 1997 and 2008. Bolander’s research and teaching interests 
involve the effective use of high-performance materials within the civil infrastructure, with 
emphasis on the life-cycle performance of concrete materials and structures. Over the past 
two decades, he has been a pioneering developer of discrete methods for the modeling fiber 
reinforced cement composites. 

Professor John E. Bolander is being honored for his outstanding contributions to the de-
velopment of modeling tools for fiber reinforced cement composites, which have provided new 
insights into fibre-matrix interaction and its effect on composite behavior. 
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where he is the delegate for Germany and member of the Bureau, CEN (Comité Européen de 
la Normalisation), DIBt (Expert Groups of German Institute of Building Technology), DIN 
NABau (German Institute for Standardization), DBV (German Society for Concrete and Con-
struction Technology) and the German Federal Associations of Ready-mix Concrete. In 2001 
he received the STUVA Award (Award of the Research Association for Underground Trans-
portation Facilities). 

His research priorities are special concretes including high-performance concrete, self-
compacting concrete and textile reinforced concrete (TRC), environmental impact of building 
materials, constitutive models for concrete, modelling of damage processes in concrete (mi-
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and durability of masonry. He was one of the leading researchers in the Sonderforschungs-
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He has authored or co-authored more than 300 publications and delivered more than 200 
presentations worldwide. 

Professor Brameshuber is being honored for his numerous contributions to the develop-
ment of textile reinforced concrete and hybrid HPFRCC with textiles and fibres, especially 
the composition and rheology of these special concretes, as well as the introduction of TRC in 
practice. 
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Preface 
 
 
HPFRCC7 will be the seventh workshop in a series dealing with High Performance Fiber Re-
inforced Cement Composites (HPFRCC). The six prior workshops have led to a definition of 
HPFRCC that mostly suggests a technical challenge. That is, composites that exhibit a strain 
hardening tensile stress-strain response accompanied by multiple cracking (and relatively 
large energy absorption capacity). Besides this mechanics related definition there are other 
features which make a cement composite “high performing” like workability, durability and 
robustness. Researchers have tried to reduce fiber content to a necessary minimum. By reduc-
ing fiber content, they are simplifying the production process, helping make standard mixing 
procedures acceptable, and opening the way to large-scale practical applications. 

The first international workshop on High Performance Fiber Reinforced Cement Compo-
sites took place in June 1991 in Mainz, Germany, under the auspices of RILEM and ACI. It 
was funded in part by the US National Science Foundation (NSF) and the Deutsche For-
schungsgemeinschaft (the German NSF). Other co-sponsors included the center for Advanced 
Cement Based Materials (ACBM), the University of Michigan, and the University of 
Stuttgart. The second workshop took place in Ann Arbor, Michigan, in June 1995, the third in 
Mainz Germany, in June 1999, the fourth in Ann Arbor, Michigan, in June 2003, and the fifth 
in Mainz, Germany, in July 2007, the sixth in Ann Arbor, Michigan, in June 2011, all sup-
ported by the same sponsors. In each case hard-cover proceedings were published as a special 
RILEM publication. While the first workshop in 1991 included mostly US and German par-
ticipants, subsequent workshops were opened to top researchers in the field from other coun-
tries. The last workshop in Ann Arbor 2011 assembled researchers from 20 countries. The 
proceedings included 66 papers grouped in 7 different sections. 

Since the first workshop in 1991, continuous developments have taken place in new mate-
rials, processing, standardization, and improved products for building and other structures. 
Also, enhanced theory and modeling techniques for HPFRCC now allow a better description 
of their behavior and reinforcing mechanisms. While in the first workshop HPFRCC implied 
relatively high fiber volume fractions (over 4%), today HPFRCC can be designed with as 
little as 1% fiber volume content. While the root definition of HPFRCC is simplest (that is, 
fiber cement composites with strain hardening and multiple cracking behavior in tension) to 
clearly differentiate them from other cement composites, this is not the only description of 
desirable performance. Durability, fire resistance, impact resistance, diffusion resistance, im-
perviousness, and constructability at reasonable cost are other important attributes that need to 
be further investigated. 
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In each workshop, a broad range of technical issues, ranging from microstructure charac-
terization to design recommendations, are typically covered; however, some selected themes 
are emphasized. In this seventh workshop, the organizers identified the following themes for 
which research information is needed: 
 
 Production of TRC and HPFRCC  
 Composite properties in the fresh and hardened states 
 Testing methods 
 Structural elements: design, detailing, bending, shear, tension stiffening 
 Impact, cyclic and seismic loading 
 Structural applications  
 Durability and sustainability. 
 
Papers addressing these themes are grouped in seven separate sections of the proceedings. 

The organizers hope that this new volume will help foster the continuous development and 
increasing utilization of HPFRCC in both stand-alone and structural applications. 
 
 
 

H.W. Reinhardt 
G.J. Parra-Montesinos 

H. Garrecht 
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