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�EXECUTIVE SUMMARY



Advanced composites made of resin-impregnated strong fibers (fiber reinforced plastic or FRP) have the potential to become prominent construction materials in the twenty-first century. This would have a significant impact on industry, and could provide sizable benefits to constructability and durability of the civil infrastructure world-wide. Government agencies and private sector companies in almost every country have initiated or are promoting research and development activities in the area of advanced composites for construction.



The International Research on Advanced Composites in Construction (IRACC-96) is an activity aimed at identifying a) the critical items affecting the performance and use of FRP in construction, and b) the coordination efforts necessary to make the process more efficient at the international level.



The research tasks deal with characterization, manufacturing, testing procedures, standards, analysis/design criteria, and prototype demonstrations relative to the use of advanced composites in construction. They are subdivided into five topic (application) areas: non-prestressed reinforcement for concrete (RC), prestressed reinforcement for concrete and cables (PC), structural shapes, structural systems, and repair/rehabilitation systems.



This document reports the deliberations prepared by a broad-based Planning Committee consisting of 66 members.

�1.  BACKGROUND



1.1  Advanced Composites in Construction



In the last decade, advanced composites (also termed fiber-reinforced plastic or FRP composites) for use in the construction industry have generated considerable worldwide interest and expectation. FRP composites are expected to significantly improve the performance and durability of new or deteriorated constructed facilities. FRP composites can be used as stand-alone structural members, as reinforcement to prestressed and non-prestressed concrete, or in combination with other structural materials for new construction or repair/rehabilitation. The interest in FRP composites is fueled by innovative manufacturing technologies as well as significantly more stable, stronger, and less expensive constituent materials (i.e., fibers and resins). 



The research programs to be undertaken on FRP composites for construction should be coordinated among all interested countries. With respect to these international activities, problems of competitiveness have to be resolved. However, at this stage of development, it appears to be far more important to discuss progress on a worldwide basis, particularly for aspects relative to design philosophy, design codes, and public safety. 



In the field of FRP composites for construction, Japan and Canada have conducted coordinated research with the participation of universities, private companies, and government agencies. At this stage, various pilot structures are in place and standard recommendations have been prepared for the use of FRP in RC, PC, and Repair areas. In the USA, South and Central America, Europe, and the Middle-East several universities have started fragmented research projects with limited funding from state agencies, councils, and the private sector. These projects are not coordinated, contain duplications in some areas of investigation, and are not comprehensive. Moreover, the in-progress patent application process is responsible for a lack of public data, even thought this problem may be resolved in a few years. 



2.  IRACC 96 PROGRAM

2.1  Overall Objectives



The proposed overall objectives of the International Research on Advanced Composites in Construction (IRACC 96) are:



Develop a consistent database of previous and pending research projects and field applications.

Identify the critical items affecting the implementation of FRP in construction and the level of knowledge still necessary.

Identify the state of the art, trends of standardization, and design recommendations for FRP in the construction industry.

Prepare an international coordination plan, identifying objectives and funding agencies.

Identify the mechanisms to internationalize the research program and/or its results.



2.2  Methodology



Planning Committee. In the summer of 1993, discussions were initiated for a US “coordinated” research plan to assist NSF in prioritizing and directing research activity in the area of composite materials for construction. After a meeting held in July 1994 in Washington, DC, the need to expand the effort at an international level became clear. Therefore, in 1995 an Organizing Committee (OC) was established with the support of CNR and NSF to organize an international meeting in Bologna, Italy (IRACC 96).



A Planning Committee consisting of 66 members was then formed. The technical knowledge of the committee members as well as their affiliations were considered in order to ensure broad-based input. The Planning Committee consists of individuals with expertise in the topic areas and the focus areas listed below. Equal balance among members according to geographical distribution and affiliation (i.e., academia, government, and industry) was also sought. The members of the Planning Committee and their affiliations are listed in Appendix A. Members of the Planning Committee were assigned to both a topic area and a focus area and organized in a matrix format as shown in the Appendix B.



Format of the Planning Committee Matrix. The format of the Planning Committee matrix was the result of the 1994 meeting. A format was chosen which gave equal attention to advanced composite materials and the construction industry. In the advanced composite materials area, the plan was subdivided into five “topic areas,” with each topic area headed by a member of the Planning Committee. In the construction industry area, the plan was subdivided into five “focus areas,” with each focus area headed by a focus area leader. The five topic areas are:



	1.  Reinforced Concrete

	2.  Prestressed Concrete and Cables

	3.  Structural Shapes

	4.  Structural Systems

	5.  Repair and Rehabilitation Systems



The major emphasis of each of the topic areas (and their coordinators) are as follows:

 

1.	Reinforced Concrete — composite materials for primary (not short fiber) elements for the reinforcement of portland cement concrete. (Arne Hole)

2.	Prestressed Concrete and Cables — composite materials for primary elements for prestressing portland cement concrete and sustained load tension members. (Luc Taerwe)

3.	Structural Shapes — composite materials for primary load bearing standardized structural components. (Lawrence Bank)

4.	Structural Systems — composite materials for large integrated structural systems. (John Busel)

5.	Repair and Rehabilitation Systems — composite materials for the repair, rehabilitation, and strengthening of deteriorated existing structures, including historical buildings and monuments. (Marie-Anne Erki)

 

The five focus areas are:



	1.  Materials and Manufacturing 

	2.  Characterization and Testing

	3.  Analysis and Design

	4.  Construction Processes

	5.  Economics and Marketing

 

The major emphasis of each of the focus areas (and their coordinators) are as follows:



1.	Materials and Manufacturing — constituent materials and their composites. To include manufacturing on all length scales, from the individual fibers to complete structural systems. (Ralejis Tepfers) 

2.	Characterization and Testing — on all length (size) scales including constituent materials, composite materials, composite structural components, and structural systems. To include development of standard test methods for performance based specifications. (Ferdinand Rostasy)

3.	Analysis and Design — analysis and methods of analysis and design, including development of both analytical codes (hand�calculation to dedicated finite element) and design (building) codes and procedures. To include analysis for potential applications. (Frieder Seible)

4.	Construction Processes —  methods of analysis of the construction process, including human factors in construction, construction simulation, and construction automation. (Tadashi Okamoto)

5.	Economics and Marketing — methods of analysis for critical cost factors and productivity indicators. (Lino Credali)



Pre-Workshop Activities. In the Spring of 1996, OC collected summaries of current and pending research projects from all members according to pre-assigned geographical regions. The compilation was circulated among all members of the Planning Committee for comments using an Internet home page. The document was subdivided into five chapters according to the five topic areas previously identified. The chapters had similar layouts.



Workshop Meeting. The full Planning Committee was invited to the Grand Hotel Baglioni - Bologna, Italy, June 9-11, 1996, for a workshop meeting. This document is the culmination of this process. The purposes of the workshop meeting were to review the state of current research and practice, and to discuss objectives, philosophy, directions, and priorities of coordinated activities for a more synergetic effect. 



A copy of the detailed agenda for the workshop appears in Appendix C.



Workshop Review. A review of the significant discussions held during the Workshop sessions is provided in section 3 as a series of ten summaries authored by Focus and Topic Area Leaders.



Post-Workshop Activities. A follow up meeting was conducted in Montreal, Canada, on August 11, 1996. The meeting was held in conjunction with the Second International Conference on Advanced Composite Materials in Bridges and Structures (ACMBS-II). A copy of the agenda for the workshop and the participants list appear in Appendices D and E, respectively. This additional meeting provided an opportunity to finalize the conclusions of IRACC 96 and present them to a broader audience. At the plenary session, a consensus was reached on the following items: 



The IRACC 96 final report will be made available on Internet at the following address:  http://www.iper.net/co-force. On the same home page, a research-in-progress report will be maintained listing world-wide activities. The report will be updated with entries directly from the home page.

IRACC should continue meeting. Japanese participants have offered to host the next workshop in Sapporo, Japan, in conjunction with the Third International Symposium on Non-Metallic (FRP) Reinforcement for Concrete Structures (FRPRCS-3) to be held on October 14-16, 1997.

The action plan should materialize with work in the following areas: round-robin product testing for reinforcement for concrete, numerical simulation modeling prior to testing (e.g., jacketing of FRP columns), and performance specifications for the connection of structural shapes.



3.  SUMMARY AND CONCLUSIONS

Topic Area:  REINFORCED CONCRETE (A. Hole)

Status



A large number of completed and on-going research projects  have been aimed at developing FRP rebars for concrete structures. So far, none seems to have quite succeeded. There is very often lack of some documentation such as technical specifications, confidence in test methods,  presentation of previous projects where the materials failed, etc. The development has so far taken place in Japan and Canada, with USA and Europe to come. One of the purposes of this meeting was to determine how to prevent products that are not serious and well documented from entering the market place.



The advantages of FRP rebars are their light weight, high tensile strength, and ease of production. They may be highly resistant to different environmental chemicals,  for example chlorides, if made properly with the right combination of resins and fibers. However, lack of knowledge about these new materials, missing technical specifications of raw materials, and suspicion of their brittle nature as reinforcement to concrete have led to slow progress of the R&D work. Communication between researchers with FRP backgrounds and people with traditional concrete backgrounds has also been poor.



During the last few years, we have seen FRP rebars applied to bridges and barriers in combination with prestressing, and for smaller construction projects as secondary reinforcement. Rebars made with glass fibers are most common due to low cost, but some types made with carbon and aramid fibers are also used.

Research Issues



The conclusion of the workshop was that documentation of durability is the main issue. Therefore, to ensure the customer that the product is reliable for concrete structures, a  standard set of test documentation is essential. A plan for some type of testing was proposed. Soon other plans will be proposed based on experiences from Japan and Europe as well as USA and Canada.



The review of the research projects submitted for the IRACC 96 report revealed very few distinct results and conclusions in the abstracts. Only two projects seem to cover all aspects: the total program of codes and standards from the Japanese JSCE/JCI and the ongoing pan-European project EUROCRETE. The other projects seem to be a part of test programs to qualify planned construction or to start construction; or they seem to be part of individual (and not globally coordinated) R&D programs at universities and institutes. The same product names recur, which can indicate that producers supply free products for testing. Information of who is coordinating the work could be found in the received notes. One of the consequences of such a widespread product testing effort is the very large variation of the results for apparently the same basic test type. It was not unusual, to see  30-40% variations due to differences in test equipment, procedures, R&D philosophies. Also, little knowledge of composite materials (fibers and resins), prejudiced attitudes, and bias toward traditional concrete methods affected the results.

Materials & Manufacturing



Key attributes for FRP materials are high strength-to-weight ratio, low strain-to-failure, high durability potential, and low to high modulus in the fiber direction while low in shear. The challenges are combining FRP materials  with conventional structural materials, connecting components, durability and maintenance, performance criteria, and cost. Research is necessary to fill in the gaps in existing knowledge. Especially for construction purposes, test methods must be determined and communicated to manufacturers so that performance specification of products (raw materials and reinforcement products) are fulfilled . For each new product comprehensive tests of single fibers to large complex structures are necessary. Durability of single fibers and the resin matrix as well as the bond between resin and fibers and FRP and concrete are some key items. Methods of testing exist, but more needs to be done to establish classes and performance standards. 



To meet ductility needs some hybrid rebars have been considered, but they will always have characteristics somewhere between high modulus (e.g., carbon) and low modulus (e.g., glass) products. The cost benefit consideration will determine if these products will have a market. Smart new-thinking design methodology occurs very rarely. Much more effort should instead be devoted to utilizing materials with linear and brittle behavior. New and improved processes should be developed for both one-dimensional and multi-dimensional FRP-forms. Also, the fiber type (glass, aramid, carbon, boron, etc.) to be used with respect to the rebar function (secondary or primary reinforcement) must be determined.

Characterization



For new products to succeed in a tough market it is necessary to persuade producers of their potential markets and ease of production. Production properties of interest are geometry and surface, short-term mechanical properties, bond, resistance or partial safety factor, design models for daily design work, and  descriptions and explanations of basic test methods. Material knowledge is the most central requirement for a product’s success; therefore, more effort on R&D basic material understanding is necessary.

Analysis & Design



Standards and codes as well as certification of materials and performance-based design specifications must be developed. Numerical non-linear FEM-programs are available but must be tested using FRP reinforcement to be qualified. Those tested and qualified could be included on Internet pages as discussed later. The starting point must be updating  conventional design codes, guidelines, and performance criteria with FRP parameters and design factors. The choice and level of analysis design tools (advanced analysis codes vs. simplified design models) must be a function of cost benefits and general acceptance of new approaches to civil engineering. Design codes, guidelines, and performance criteria have to be developed on a regional and national basis and coordinated in a international network along with advanced analytical material models to develop simplified formulas for daily design. Only Japan has some codes and guidelines, and a Canadian draft will be published very soon. The Europeans (from EUROCRETE) will have a draft format as an attachment to existing codes next year.

Economics



There is no doubt that FRP products currently are more expensive than traditional steel reinforcement. But compared to special reinforcement (stainless, galvanized, and coated) they can be competitive. It is, therefore, important that we concentrate on convincing contractors and customers about the real cost of the system (bridge, building, etc.) compared to conventional systems with steel reinforcement. Methods of computing life cycle costs must be explained and clients educated. Simple methods must be developed to be included in cost analysis models. Cost impact will vary from one type of application to another; for FRPs the ease of handling and transportation, as well as reduced concrete cover and lighter structures will affect the total cost of structures.



International Platform



The group proposed a minimum program to qualify the durability of rebars using available test methods. Three types of tests are important with respect to durability:  accelerated exposure of rebars to saturated solutions, embedment in concrete both in the laboratory and on site, and bond-slip pull-out. It is very important that specimens in saturated solutions be tested in a constant controlled environment. In addition to stress and strain testing, visual examination of prisms and scanning electron microscope studies (SEM-analysis) combined with X-ray analysis (microprobe) should be required for documentation. Testing of aged samples for interlaminar shear is important. The whole test program should be performed a minimum number of times on each rebar type. The proposed accelerated test of naked rebars in saturated solution is shown in the table below.



Test variable�Range of variation��Surface and diameter   �Rough, smooth, etc.��Temperature�10 to 50 oC��Stress level�5 to and 50% (depends on fiber/matrix.)��Environmental�Na, Ca, K, OH solution ��pH�10 to 13.5��Duration�1 to 24 months��Number of sample per test condition     �min. 6 (12 recommend) samples��

�For rebars embedded in concrete specimens cured for 28 days, the following proposals are added:



Test condition �Type of test (environmental and variable)��Control�stored at 20 +/- 2 oC, RH 45 +/-5%��High alkali�stored at 20 +/- 2 oC and 38 +/-2 oC��High chloride�stored at 20 +/- 2 oC ��Wetting and drying�stored in environmental chambers, totally saturated and then dried��Carbonated�stored at a temperature and humidity optimal for carbonation, then transferred to environment with high potential for corrosion��pH   �12.5 to 13.5��Duration �0 to 24 months��

Furthermore, when rebars are qualified with respect to durability saturated tests with raw materials (fiber and resin) are also required. Normally, these are done in parallel. Some other possible tests are other pull-out, other bond-slip, lap-splice, shear, flexure and interlaminar shear, small and large beams, uni-axial and multi-axial, dowel effect, creep-rupture, fire, single fiber and resin, size effect, analytical/experimental, dynamic and fatigue, effect of variable concrete quality, etc.



The best way to coordinate all further development is to create an international network to build confidence in FRP materials in construction, and to establish codes and guidelines. This group has decided that the Internet is the best medium to spread information quickly to customers, engineers, universities, market-makers in industry, and producers. The level of testing is quite high but necessary to prevent unqualified companies and products from entering the market.

Action Plan



The group proposed establishing a Steering Committee from IRACC. We agreed that international cooperation is necessary to avoid overlapping testing and to develop reliable test methods, codes, guidelines and to market FRP in construction.



The organizational model would flow from the Steering Committee with a limited number of persons to sub-committees at the regional level, and further at the national level. We concluded that unified international codes etc., are not possible, so this work must be done through regional/national sub-committees. Furthermore, the Internet home-page should be used to disseminate test methods and report forms.



Existing committees related to codes and recommendations (CEB, RILEM, ASTM, FIP, JSCE, CHBDC, CSA, etc.) should be used.



Here is a summary of areas for international cooperation:



1.	Issues:

·	durability — basic data required

·	mechanical characteristics under different environments

                 	 - tensile properties

                 	 - bond properties

                 	 - shear properties

·	non-mechanical

            	 - thermal properties

         

2.	Methods:

·	attempt to develop acceptable methods of testing for several

           	 - procedures

           	- products



3.	International quality control to:

·	certify products

·	help designers 

·	ensure circulation of procedures

·	ensure quality of materials



4.	Organization:

·	establish international, regional, and national level groups in addition to existing concrete associations

·	create a centralized source for international collection of existing information and methods

·	provide a mechanism for technology transfer and application

·	provide a set of recommendations for design, testing, equipment, manufacturing, and uses

·	create an Internet home-page reference about what is ongoing world wide

             - form for reports

	      - technical papers

             - guidelines



The items included in the Internet home-page should be:



·	Center of information with methodology of testing

·	Survey of manufactures

·	Forms to fill out to meet a minimum requirement of durability testing

·	Information on how to test rebar products

·	Bottom line information for engineers and contractors

·	Information on why and where the products will benefit the society and industry in general



Topic Area:  PRESTRESSED CONCRETE AND CABLES (L. Taerwe)

Status



The main advantage of using FRP prestressing tendons is that they are not susceptible to the classical types of corrosion. Bridges are especially exposed to the ingress of chlorides from deicing salts, and many instances of severe damage due to corrosion of the reinforcement or the prestressing tendons have been observed.



The advantage of PC compared to RC is that longitudinal compression forces are introduced in the structural members, which results in higher cracking loads and smaller crack widths at a given fraction of the ultimate load. Moreover, transverse forces are exerted on the concrete at cable deviation points or in curved segments, which generally counteract gravity loads.



The fact that the modulus of elasticity of FRP elements is generally smaller than that of steel has generally little influence on the structural behavior of PC members under service conditions. The lower modulus of elasticity results in smaller prestress losses due to creep and shrinkage of concrete.



In Japan and Europe several bridges have recently been constructed using FRP tendons. Also, FRP tendons have been used in some girders of road bridges in Canada and the USA.

Research Issues



The research issues which are indicated in the following survey are a synthesis of ongoing research at the time of the Workshop. Additional topics were added during the discussion.

Material properties



·	The basic mechanical and physical properties of each type of FRP need to be determined and used as basic input data for the design. Because of the large number of possible combinations of fibers, resins, and volume fractions, the relevant properties have to be determined for each new type of FRP bar or strand. Due to the anisotropic behavior, the usual test methods must be adapted. For example, special grips are necessary for tensile tests in order to avoid failure at the grip edges. 

·	In the case of pre-tensioning, the bond properties of the FRP elements embedded in concrete need to be discovered  because they determine the transfer, development, and anchorage lengths. Due to the large variety of surface profiles, these characteristics must be determined for each type of bar or strand.

·	Because the FRP elements are permanently subjected to a high stress level in prestressing applications, long-term behavior is particularly important. Especially for AFRP, relaxation can turn out to be quite high (up to 15 or even 20 %). Also, stress-rupture behavior (failure under constant stress) needs to be investigated.

·	The influence of environmental actions must be established (e.g., salts, chemical substances, UV-rays). For GFRP, the resistance to an alkaline environment is still problematic.

·	Contact between steel reinforcement and CFRP must be avoided because this gives rise to galvanic effects.

·	CFRP reinforcement must be grounded in order to avoid complete destruction when struck by a lightning.

Anchorages and Deviators



·	Significant research is devoted to anchorages of tendons. In the case of post-tensioning, a distinction must be made between anchorages for single bars, which are only of temporary use in the case of pre-tensioning, and anchorages for cables. In the latter case, the anchorages must remain reliable during the whole life of the structure, especially the external cables. Hence, evaluation of the long-term behavior is necessary.

·	Anchorages for stay cables are a particular field of application. At the EMPA near Zurich, an anchorage for a cable consisting of 241 wires (diameter 5 mm) has been developed recently. This anchorage has been used for two stay cables on a bridge in Winterthur.

·	Deviators are needed for external cables. Due to the high local transverse stresses which are exerted on the cables, due attention must be paid to the details of the deviators.

Structural Behavior of PC Members



·	Many research projects deal with general aspects of the structural behavior of beams pre-tensioned or post-tensioned (internally or externally) with FRP tendons. Under serviceability conditions, attention is paid to deflections, cracking and crack widths, fatigue, and vibrations. The fact that almost no ductility is available at the ultimate limit state, due the perfectly elastic behavior of the tendons has caused a lively debate. Generally, there is sufficient deformability to act as a  warning before failure. Several measures of ductility and deformability have been introduced by different researchers. The possibility of load redistribution in continuous beams has also been investigated.

·	Cyclic behavior under seismic actions must be investigated.

·	Shear behavior of PC beams is also a critical issue. While FRP tendons have excellent tensile resistance, they have poor transverse or shear strength. Moreover, the combination of permanent tensile stresses in the tendon and shear stresses due to loading can be critical. In the case of shear cracking, little information is available on the dowel action contribution, if any, of the FRP tendons to the shear resistance.	

Applications



Several institutions are investigating possible new or integrated applications. In the USA, a systematic investigation of all available FRP tendons is underway with the objective of arriving at a unified application approach in highway bridges. Another project deals with the potential application in prestressed concrete guideways of magnetically levitated, or “maglev,” transportation systems. FRP composites have been suggested as possible alternatives to steel reinforcement in areas of high magnetic flux. US researchers are also attempting to develop a new corrosion-free and cost-effective bridge system that requires no shoring or construction forms and offers superior advantages compared to conventional bridge systems. The new system consists of precast double-T girders prestressed with internal CFRP rods, post-tensioned cross-beams and tendon deviators, and a cast-in-place deck reinforced with GFRP rods connected to the girders through CFRP/GFRP shear connectors and external draped FRP tendons.

International Platform



Based on the previous survey and identification of areas of knowledge lacking the following critical issues for future research and development were identified.

Material properties



Material characteristics usually show a higher coefficient of variation, from which it follows that the size-effect is more important than for steel reinforcement.

Anchorages and Deviators



Development of reliable and less expensive anchorages is needed. The existing test procedures for steel prestressing cables can be applied to FRP cables.

Design Aspects



·	Design codes and regulations are urgently needed in order to promote practical applications. A conservative design approach can be used until more extensive information is available which permits development of more refined rules in due time.

·	In some cases there is a lack of understanding of the basic failure mechanisms (e.g., dowel action of bars, stirrups and tendons). This is mainly related to the fact that FRP has a low modulus of elasticity and shows no plastic deformations. Hence, failure models valid for steel reinforced structures cannot be applied as such to FRP reinforcement.

·	Guidelines for the choice of failure mode need to be established (i.e., tendon rupture or concrete crushing).

Promotion



·	The fact that FRP tendons are non-corrosive is one of the major advantages to promote future applications.

·	Tests on models of a complete structural system should be performed in order to increase the confidence in the use of FRP.

·	The fields of application should be extended. Possibilities are ground-anchors, structural ties, stay cables, railway sleepers, etc.



Action Plan



Fast advances in the field can only be achieved by coordination of research efforts at an international level.

Topic Area:  STRUCTURAL SHAPES (L.C. Bank)

Status



The “structural shapes” topic area considered research related to the application of continuous fiber reinforced polymer (FRP) composites as stand-alone profile sections for use as structural members. Attention was focused on constant cross-section profile sections produced by the pultrusion process. Processing methods such as resin transfer molding, hand-lay-up, or filament winding were also considered as possible processing technologies for such members.



Based on the review of the research projects submitted for the IRACC-96 report it appears that the vast majority of current research projects in this area are concerned with pultruded profile sections. The work currently being conducted deals with:



·	Testing and analysis of existing commercially produced pultruded structural sections of the I, WF, or rectangular box profile.

·	Testing and analysis of frame and wall panel type connections for these pultruded profile sections.

·	Design of optimized fiber architectures (types and orientations) and section geometries for “new” pultruded sections.

·	Design of hybrid beam sections partially composed of pultruded sections.

·	Development of degradation models and accelerated test methods for pultruded and resin transfer molded composite materials.



In addition to the research projects reviewed, we found that the use of composite material structural shapes is already a “mature” area of application of composite materials in the civil engineering infrastructure. Many products; for example, pultruded structural sections, gratings, hand-rail systems, poles, dowel bars, cable trays, ladder rails, and electrical insulators; are manufactured by numerous companies throughout the world (see “Profile in Progress,” 1995, Composites Institute, Society for the Plastics Industry, USA). In addition, complete structural systems, such as cooling tower systems and electrical transmission tower systems, are manufactured and marketed by specialized companies. However, we also found that almost all existing products are used by specialized companies directly associated with the development and manufacturing of the composite material shapes. There appears to be no routine use of composite material structural shapes by general practicing structural engineers or contractors. In this regard the use of structural shapes in the civil engineering design community is not developed. The challenges facing the introduction of structural shapes into the design community are similar to those faced by the other topic areas and relate to codes, standards, economics, durability, and education. 

Research Issues



We identified and discussed a number of research issues pertaining to structural shapes during the Workshop. Many of these issues were generic to the Workshop as a whole and dealt with durability, fire-safety, economics, education, codes, and standards. Other issues were specific to the area of structural shapes. More emphasis was placed on evaluation of these issues which are described in what follows in greater detail. 

Standard versus Specialty Applications



The uses of composite material structural shapes need to be classified into “standard” and “specialty” applications. Standard use implies the use of structural shapes by non-specialized, structural engineers in a manner similar to the use of traditional structural materials. Design codes, materials standards, and test methods that are directed toward this “standard-use” market as opposed to the “specialized-use” market are necessary. The composite materials used in structural shapes must be categorized according to levels of performance. The appropriate “standardized” test methods to be used to determine the mechanical and physical properties of the composites materials for use in shapes need to be developed.

Design Concepts



Composite material structural shapes should not be used as substitutes for conventional structural shapes. To avoid this substitution approach new design concepts using structural shapes must be developed. Such concepts must exploit the advantages offered by composite materials in terms of light weight, tailorability, and connectability. We did not feel it worthwhile to develop novel geometric shapes for profile sections without developing a design concept that fully-addresses connection methodology. In developing innovative design concepts, the way in which performance specifications on structural sub-systems can be utilized needs to be further studied. The economic impact of design concepts in which significant savings can be realized due to systems that reduce assembly costs should be studied. The use of computer simulation to demonstrate new construction methodologies that can show economic advantages should be explored. 

Analytical Tools



Appropriate analytical tools to evaluate building systems composed of standard structural shapes are necessary. Although many finite element codes for conducting stress analysis of laminated composites do exist, it appears that these codes are not necessarily appropriate for the analysis of building and infrastructure systems made of composite materials structural shapes. In particular, tools to model the behavior at connections and joints where out-of-plane loading occurs are needed. Such modeling tools are regarded as vital links between performance testing and the development of design guidelines.

International Platform



Pultrusion technology appears to be becoming more popular throughout the world. In addition, advances in fiber reinforcement forms for pultrusion; such as stitched fabrics, multidirectional woven mats, and hybrid fabrics; should lead to the development of improved pultruded structural shapes at lower costs. Pultrusion technology would appear to be ideally suited for manufacturing the constant cross-section beam, column, and panel sections necessary for the future mainstream use of composite structural shapes. Since the technology entails a small start-up cost, it is more economical to develop production facilities on a local level than to ship product to where it is needed. Consequently, it is vital to develop the appropriate checks and balances on an international level to ensure that the shapes manufactured conform to some international standard. International coordination is, therefore, needed to bring these products into general engineering use in a responsible fashion.



While pultrusion technology appears to be viable for manufacturing the structural shapes to be used in innovative building systems, it appears that molding technologies will be most suited to developing the three-dimensional products needed to connect the shapes. Since molding technology is also relatively inexpensive, it is also imperative that some international coordination be developed to ensure that the structural shapes are not connected together by substandard components. 

Action Plan



We developed the action plan for research on composite material structural shapes based on the current status of the research and on the research issues identified above. We decided to focus attention in the near-term on a single research topic that could bring about significant progress in the use of structural shapes in civil engineering. Based on the research issues described above, we felt it is imperative to make the practicing structural engineer the prime focus of the research plan. Currently, the use of existing structural shapes in building systems is problematic due to the difficulty in designing and analyzing the connections between the members. Therefore, we felt that if a innovative connection system could be developed that would give engineers confidence, the use of structural shapes would increase.



Since current profile sections are most clearly suited for use as beams and column for frame construction, the focus of the action plan is on developing a connection system for beams and columns for buildings. Currently, beam-to-column and beam-to- girder connections between pultruded I beam profiles are made by using pultruded angles (clip angles) which are usually bonded and bolted (with either metallic of FRP bolts) to the profiles. Currently, only conventional web-angle or seated shear-type connectors are available. Research studies on the use of semi-rigid connections for pultruded frames have demonstrated that significant benefits can be obtained by developing a measure of moment resistance in the beam-to-column connections.



Since  connection systems will need to evolve with a comprehensive design concept, the near-term research plan will focus on developing a framework for evaluating, both experimentally and numerically, the performance of these new connection systems. Consequently, the first major research task in the structural shapes area will be to develop performance specifications for connections for a number of specific structural applications. These performance specifications will provide designers of connections systems with criteria for  force (moments, shears, and axial forces) transfer  at different types of junctions in a building frame according to different design philosophies (simple or semi-rigid framing). The performance criteria for the local deformations at the junctions as a function of the loads will also be developed. “Levels of connections performance” must also be determined for specific frame geometries and structural configurations. 



Once the performance criteria are developed for the connections, the research will advance to describing the procedures for physical testing and numerical simulation to determine whether or not the performance criteria are satisfied by a connection system.



With the given performance criteria and test and evaluation procedures for the connections it will be possible for interested parties to develop innovative connection systems. We anticipate that these connection systems will initially be compatible with existing pultruded structural shapes but that they will also be compatible with advanced structural shapes that may be developed in the future. Therefore,  the action plan calls for research that will benefit existing structural shapes while simultaneously enabling innovation in the area of new structural shapes.

Topic Area: SYSTEMS  (F. Seible)

Status 



Advanced composites have been used in construction in numerous civil engineering systems around the world in the past decades. Applications range from non-structural gratings and claddings to full structural systems such as framing for industrial supports, buildings, long span roof structures, tanks, bridge components, and complete bridge systems.



While the advantages of FRPs in terms of weight and strength are well known, broad-based application in the general civil construction industry has been very slow, primarily due to higher material and manufacturing costs compared to conventional structural materials such as steel, concrete, and timber.



Potential long-term or life cycle costs savings due to improved durability and reduced maintenance have not been realized due to the lack of reliable durability data in the civil environment. Furthermore, lack of innovativeness and/or understanding of these new materials in the civil engineering profession has led to designs where existing components are replaced with advanced composite structural shapes or members with the same geometry and function, rather than systems designs based on the unique mechanical and free form geometrical characteristics of FRPs. This approach inherently cannot be cost effective.



Finally, new designs and applications of complete FRP structures may not be cost-effective unless fully automated manufacturing and mass production significantly reduces the first cost, and innovative assembly ideas (none developed to date) significantly decreases erection and construction times.



In the following section, outstanding research issues with FRP systems will be addressed, together with unified approaches to introducing polymer matrix composites at the international level as alternate civil engineering materials, and specific action items on how this can be accomplished.

Research Issues



The main research issues for constructed systems are performance specifications; standard and accelerated test methods for durability;  performance criteria for fire, fatigue, and exposure to harsh environments; and design protocols. All of these issues are of equal importance. The collaboration of the international community on these topics will impact the implementation of accepted construction systems.



Composite structural systems must be designed using consensus performance requirements applied to the entire system with emphasis on its subsystems, components, and connections. Composites hybrid systems where FRP composites are combined with traditional materials such as wood, concrete, and steel have the greatest potential. 



In order to see broader applications of advanced composites in civil engineering construction, the following general research issues were identified:

Durability



Unless definitive characterizations for durability under civil environments can be provided, the possible advantages of FRP systems in terms of lower life cycle costs and reduced maintenance cannot be realized. Durability aspects can be addressed on three platforms, namely (1) accelerated testing under various loads and environments, (2) long-term instrumentation and monitoring of demonstration projects, and (3) modeling of time and environment dependent effects. Durability modeling requires characterizations which can be developed under (1) and (2); however, significant controversy and questions still exist as to the correct accelerated tests and testing procedures. Therefore,  only the long-term monitoring is a reliable source; and it is very slow and non-prolific since only very limited data for one application, one geometry, one loading condition, and one specific environment is obtained for a given project. A comprehensive database on durability related characteristics is paramount, both at the individual, national, and international levels. As a start, this database can be seeded with all the durability data available from the aerospace industry, even though conditions are clearly different.

Connections



The structural advantages for FRPs have been clearly demonstrated on individual members such as beams, columns, plates, and cables. However, the performance and cost of complete FRP structural systems  are controlled by their connections, and very little research  has been performed to develop connection strategies and details which in the end do not form the weak link in the overall structural system and which are simple, durable, and strong/deformable.



Again, a wealth of information is available in the aerospace industry on joints, splices, and connections of FRPs, but only limited use has been made of this resource. Also, attempts to develop application-specific connections for civil engineering and construction have been sparse. Typically, significant cost factors are associated with elaborate connection systems.



In the research and development of connections, emphasis must be placed on developing light weight, modular, simple, and reliable connectors which can be assembled quickly in order to benefit the construction and assembly process.

Damage Repair



As soon as FRPs are used as primary structural elements in civil structural systems, questions arise as to the effects of damage due to fire, impact, and vandalism. While limited research has been performed in all of these areas, the multitude of constituents, combinations of materials, and processes, as well as available coating agents makes general guidelines and criteria very difficult. However, unless systems are standardized  and characterized under the above damage scenarios, questions concerning these issues will delay broad-based applications.



Together with damage scenarios, repair also needs to be addressed, both in terms of technology/method and effectiveness/durability.

Environmental Compatibility



Environmental compatibility issues — during the manufacturing process in terms of released gas, liquid or solid particles; during the service life in case of fire; and finally after the service life in terms of recycling and reusability — will become more and more important for building materials and structural systems in the 21st century. Particularly since FRPs are petroleum based (a non-replenishable resource), only a very aggressive research and development effort into full reusability of recycled FRPs can justify broader use and application in the civil engineering and construction industry.

Design



As long as designing with advanced composites consists of simple replacement of conventional components and shapes, very little progress can be expected in the use of FRPs in civil structural systems. The advantages of starting with the materials architecture, the free form manufacturability, the slight weight, simple erections, and the potential for durability and reduced maintenance must be combined in new and innovative design concepts using new structural shapes, forms, and applications which cannot be realized with only conventional structural materials.



Furthermore, a combination of FRPs with conventional structural materials can provide the most cost- and structural-effective solutions; and research emphasis needs to be placed on shapes, members, and systems which combine the advantages of FRPs and conventional structural materials. Examples where this judicial combination has shown tremendous promise are in the area of FRP strengthened glue laminated beams and in repair and seismic retrofitting of existing concrete structures.

International Platform



While individual countries and regions coordinate research and development efforts on the use of FRPs in construction, acceptance of FRPs in the civil engineering community can be greatly enhanced by  international cooperation, research, and agreement.



The above outlined research and development issues are not limited to the national level but need to be addressed globally. Appropriate coordination and cooperation can limit unnecessary duplication of efforts and much more rapidly broaden the required comprehensive research base. The international platform should be fully utilized to develop coordinated research strategies, to facilitate information exchange, and to provide the technical basis on which local or national codes and standards for FRP in construction can be developed.



Individual countries are in the process of forming professional and technical societies to promote FRPs in the general construction industry. To fully exploit the international efforts, these national societies eventually have to organize an international umbrella platform which will facilitate information exchange, exchange of researchers, coordinate research efforts, and provide through special scientific councils or committees the technical basis for the safe and efficient application of FRPs in civil engineering.



Specifically for the systems topic area, the international platform can provide coordination as well as checks and balances for large scale research tests, demonstration projects, and numerical simulations, which when performed on an international platform can promote a much broader acceptance. For example, a specific large scale system test could be designed to be conducted with international cooperation. International analysis teams would be provided with materials data, test geometry test plan/history, etc., and true class A pretest predictions of specific response quantities would be performed and compared. Subsequently, the testing would be performed in front of the participating international teams and detailed post-test evaluations, comparisons, and calibrations of the analytical models would result in a better understanding of the actual behavior mechanisms and a broader acceptance of the employed analytical tools.



A second international systems research effort could be in the round robin testing of the same component or detail at research institutions around the world. Since very few laboratories can accommodate complete structural systems, an international coordinate team could select the overall system and perform the overall systems design. Out of this agreed upon system, a specific element or connection detail with well defined boundary conditions and structural demand would be  identified and given to individual teams with specified performance criteria. Individual teams would then select materials, design materials systems, choose the manufacturing process, build the component, and test the component to the specified test plan to determine how closely performance criteria can actually be met.



A third type of international systems collaboration could be predicting and monitoring the durability and time-dependent effect of a specific FRP demonstration project. International teams would cooperate in deciding the  methods and locations of long-term instrumentation and monitoring  and disseminate observations and predictions  at predetermined time intervals to all the participating teams.



However, probably the most important activity to be accomplished at the international level would be in developing a comprehensive database for (1) systems durability, (2) connection details, and (3) performance requirements which ultimately could be combined to create technical guide specifications, and  which subsequently could be used by individual countries or agencies as the technical basis for codes and standards.

Action Plan

In order to further the acceptance of FRPs in the design construction of primary structural systems, the following action items should be considered:



1.	Facilitate coordinated research and development through the formation of national professional societies dedicated to FRPs.

2.	Organize national societies to form an international umbrella organization.

3.	Utilize the international platform for broad-based information exchange and collaborative research.

4.	Develop international cooperative research programs in the form of�	a)  Prediction Analysis Programs�	b) Round-Robin Component Testing�	c)  Coordinated Durability Monitoring

5.	Develop international technical guide specifications for the application of FRPs in structural systems through data base development on�	a)  material systems and durability�	b)  connection details�	c)  performance requirements

6.	Develop an international platform for standardized test procedures and protocols.



International coordination and consensus will greatly enhance the application of innovative FRP systems at the local level.

Topic Area: REPAIR  (M.A. Erki)

Status



For civil engineering structures there is a distinction between repair, which is stabilization or a return to original design criteria, and retrofit, which is strengthening. Herein, repair will refer to both repair  and retrofit. Concrete and masonry structures can be successfully repaired using FRP. The FRP can provide additional reinforcement for flexure, shear, confinement, tension, and energy absorption. In these applications the repaired element needs sufficient reserve capacity to avoid catastrophic collapse in the event of non-performance of the FRP.



Structural deficiencies requiring FRP repairs may be the result of corrosion arising from the use of de-icing salts or proximity to corrosive environments, errors in design and construction, modifications made to a  structure, changes of use, a need for blast-proofing industrial plants, more stringent design criteria such as for seismic resistance, aging of materials such as in heritage structures, fire damage, and vehicle impact. The FRP that have been targeted for repairs usually consist of carbon, glass, or aramid fibers in the form of unidirectional fiber sheets and tapes (these being pultruded, partially cured or unsaturated before use), woven fabrics, and rovings. Herein, repairs using FRP will exclude external post-tensioning using FRP tendons.



The commercial viability of FRP for repairs has been proven with hundreds of field applications in Europe, Japan, and North America. The acceptance by owners and regulatory agencies for repairs using FRP has been based on prototype testing of elements to be repaired and previous experience and reputation of the contractor and engineer. In proposing FRP for repairs,  first-cost savings as well as life-cycle cost  savings, where applicable, must be proven. First-cost savings are usually easy to demonstrate because of the important savings in labor costs, the largest component of any repair budget. Life-cycle costs, which may or may not be relevant to the job, are harder to demonstrate, although many owners have experienced the failure of other repair techniques. Demonstrating the superiority of FRP repairs in such cases can provide a convincing scenario of life-cycle cost savings.



The use of FRP for repairs is still hampered by the lack of standards, namely material and design standards, and the lack of training documents to educate engineers, contractors, and laborers. It is generally agreed that FRP material standards will be in the form of certification of materials. Standard tests are needed for the fibers, epoxy, and combined FRP, including the FRP bonded to the substrate. Design standards should be performance-based in order to encompass the multiplicity of FRP materials and repair techniques. Performance-based specifications need to address such issues as conditions of use, durability, handling in transit and in the field, stress levels, bond and development length, and maintenance. FRP is not necessarily appropriate for every repair job. For example, FRP and substrate incompatibilities exist, such as between carbon FRP and structural steel. In the realm of durability and deterioration, although there is no ferric corrosion possible for FRP, these materials are susceptible to corrosion or deterioration arising from potentially damaging agents such as UV radiation and moisture. They are also easily damaged in transit or in the field by cutting, bending, and trampling. Stress levels need to be specified because some FRP, such as aramid FRP, lose strength under sustained loads; this loss is proportional to the level of sustained loads. On-going maintenance of FRP repaired structures is needed to ensure continued good performance.

Research Issues



Already, an impressive amount of research in FRP for repairs has been realized. Much of this research has been driven by industry and has focused on system-specific issues. Other research has begun to address agency or public interests. There is an urgent need to establish links between research that is industry-driven and research that supports agency or public interests.



Research areas supporting public interests are as follows:



·	Identification of Performance-based Issues  — Identifying performance-based issues is a study of compatibility problems: dimensional, chemical, electro-chemical, and permeability which includes freeze-thaw. Fundamentally, these are durability issues of FRP and FRP plus substrate.

·	Models of Behavior. — Models of behavior for FRP-repaired structures need to be developed to understand failure mechanisms, avoid catastrophic failures, and provide the design tools to ensure pseudo-ductility of the structure. Use of the finite element method (FEM) is not sufficient to model the behavior of FRP-repaired structures because FEM does not take into account compatibility issues.

·	Environmental Protection — Environmental protection must be studied if wide-spread use of FRP in civil engineering structures is to be realized. Toxicity to workers and end-users of FRP in repairs needs to be investigated. There is a potential for long-term injury from exposure to harmful components of the FRP repair process if workers are inadequately educated in the repair procedure and inadequately protected by gloves, goggles, or breathing masks. End-users may also be exposed to ambient release of FRP repair components that could cause discomfort or illness. Resolving how to dispose or recycle FRP will also allay concerns regarding their introduction in civil engineering structures.

·	Fire Protection  — Closely related to the release of toxins into the environment are the issues regarding fire resistance and protection. Realistic testing for fire ratings may still be needed.

·	System Behavior  — Research into system behavior, such as FRP repairs to beam/column joints and repairs to maintain or create orthotropic and monolithic behavior, is required.



The International Concrete Repair Institute (ICRI) recently published a document in the United States defining compatibility of materials and providing a guide for selecting repair materials. The organizational approach used by ICRI could serve as a model for disseminating existing knowledge and research priorities for FRP repairs.

International Platform and Action Plan



Owing to the multiplicity of FRP repair materials and methods, the greatest challenge is in specifying performance-based criteria. Round-robin component testing to fill in the gaps in existing knowledge and then classifying this information to develop performance-based criteria would address this challenge. Ultimately, being able to specify conditions of use, which is part of any performance-based criteria, will depend on addressing the research needs discussed in the foregoing.



An international organization (IRC3), with a steering committee could promote cooperation and coordination with respect to existing knowledge and research needs and funding. The steering committee of IRC3 would bring focus to the diverse membership of IRC3 that would consist of researchers, manufacturers, producers, and contractors, all with different interests and motivations. The steering committee would be composed of a limited number of persons (1 or 2) from each country. These representatives would bring to the steering committee their knowledge of national interests and their understanding of the structure of their own construction industry. They would also be a link between the steering committee and existing organizations and groups in their own countries that could support the aims and efforts of IRC3.

Focus Area:  MATERIALS/MANUFACTURE (R. Tepfers)

Status



The analysis of the focus area on Materials/Manufacture is based on discussions at subcommittee or plenary levels and on a survey of research abstracts compiled according to five topic areas. It is difficult to distinguish where the “material” overlaps with the “structure.”  However, the following topics were identified among those pertinent to Materials/Manufacture:



·	Fibers, resins, and additives

·	FRP bars and structural shapes

·	Hybrid FRP reinforcement for concrete: ductility

·	Pin loaded straps: pre-pregs

·	Concrete confinement by FRP wrapping

·	FRP strengthened masonry structures

·	FRP-wood connections

·	FRP-metal structures

·	Thermal compatibility of concrete and FRP reinforcement

·	Resistance to environment and mechanical loads

·	Long-term deformation and fatigue of FRP material

·	Grip mechanisms and tendon connections

·	Surface configurations: bond

·	Dowel bars

·	Connectors

·	FRP gratings and geogrids

·	Code development

·	Smart structures

·	Manufacturing processes

·	Performance criteria: quality control



The list of research projects concerning Materials/Manufacture is extensive, and includes a certain concentration in the area of durability. However, given the high level of commercial interest, many investigations are covered by secrecy or not clearly reported. Few clear results and conclusions are available in the literature. Investigations are carried out without the release of public reports because of pending patents on the developed products. Most likely, there will be a lot of information available in a few years after patent rights are obtained.



Established organizations such as CEB in Europe, ACI and ASCE in America, and JSCE in Japan should develop codes. Results should be published, problematic areas identified, and research projects started and completed. Results should be clearly reported. For code writing purposes, state-of-the-art reports should be prepared by the mentioned organizations.

Cross-Cutting Research Needs



The main objects of interest for investigation are durability, long term performance, material/structural ductility, and material/production costs.



We feel that high quality (expensive) fiber reinforcement should be protected by high quality. Bond problems are important but because there is much on going research about bonds, the problems should be solved in due time.



Durability is very important for FRP materials. There are few material producers, and their intentions are very important to the future of FRP use in construction.



Developing standards is difficult because of the variety of material combinations; therefore, performance standards are necessary. It is important to  understand the construction — how the constituents are put together. Strength relations should be evaluated  to determine what kind of structures can be produced. “Identical” products from two producers must be studied and compared. The goal should be to create “classes of performance. A list of all the different applications must be generated and transferred to producers, who, in turn, must supply product properties. By  offering markets, the producers could be influenced to change the FRP products to meet the needs of the building industry.



Ductility is important in RC and PC structures and can be achieved by appropriate rod properties, controlled bond performance between concrete and rod, or confined compressive zones of concrete. The problem is how to convince producers of the necessity of ductility. The fiber industry was/is producing for the military aircraft and space market which is regarded as “high tech” market. They do not understand that the building industry also is a “high tech” market, but with different problems. It is necessary to break this perceptual barrier, so that producers can see the building industry market potential.



How does, for instance, a petrochemical industry decide to invest in  products for building? How does the industry determine the object for investment? The philosophy for this process must be understood. The products should always be adapted to the market. There should be enough product documentation. A design manual should be prepared by the industry based on performance requirements for the product type elaborated by technical committees.



It is necessary to create a “use map” so the industry knows what to produce. The range of options should be shown in the use map. On the basis of the use map the industry will make decisions about investment and possible development in the building industry. Bodies which could evaluate information and spread it to industry by creating a “use map” are ASCE/ACI, JSCE/JCI, as well as CEB/FIP.



The products should be developed in collaboration with industry (not civil engineers) and design/research civil engineers. The crosscutting research needs are determined by how well the industry can follow the use map and understand the civil engineering requirements.  

Unified Research Approach



The main objects of interest for investigation are durability, long-term performance, and material/structural ductility. The owners of the planned structures will forward questions about these properties of  FRP so that they can choose materials and feel confident in the structures.



Currently, there is not enough systematic research. For instance,  parameter studies on wrapped columns should determine the influence of different concretes, fiber types, amounts of fibers, fiber prestresses, loads on column at wrapping, temperatures, etc.



It is difficult to organize unified research because there are at least three code regions with different priorities and no global funding organization exists. Therefore, the research projects will be regional and national. The existing bodies of ACI, CEB/FIP, JSCE and their working groups should be used for putting together information, identifying  knowledge lacunae, initiating necessary research, and condensing the information into performance codes. The exchange of information should be facilitated by creating an Internet  home-page (for the time being IRACC), with space for free discussion.

Focus Area:  CHARACTERIZATION (F. Rostasy)

Status



Characterization is the quantifying description and assessment of mechanical and non-mechanical properties of FRP materials relevant for the design, analysis, structural detailing, execution, and durability of civil engineering structures built with FRP; that is, for the structural performance of the FRP. Besides these goals, characterization is also essential for the regulatory procedures of acceptance, certification, stan�dardization, and quality control of the materials. Characterization is based on testing.



The current publications, research reports, tentative national guidelines, and recommendations contain material data/properties in abundance. In many cases, these material property values are presented and formatted in such a way that even the researcher is unable to draw comparisons with his knowledge, his experimental experience, and other sources. This is all the more true for professional structural engineers acquainted with the well-known properties of  RC,  PC, and structural steel materials but unfamiliar with FRP. Quite often, ex�perimental data are not well-defined with respect to their statistical relevance (mean, median, density function type, variability etc.). This also holds true for many papers on analysis and design. The disparity increases with respect to test procedures and the formulation of requirements to be met by the specific product. If these gaps cannot be closed in the near future, the community of professional structural engineers — the flag-bearers of novel development — will not be convinced.

�Cross-Cutting Research Needs



Through cross-cutting research, a unified approach to the experimental assessment and modeling for design, ana�lysis, and long-term performance of all properties relevant for the procedures must be developed. The emphasis is on the term “unified,” as most of our accomplishments so far in the realm of characterization are lacking rigor, comparability, and user-friendliness. Such research has to deal with the relevant questions and problems in a way that the approaches, definitions, engineering models, safety formats, etc., can be transferred into the structural engineer's world of present-day practice. 

Unified Research Approach



Some of the most important items for such unified approach pertain to:



·	developing test methods and adjoined qualification criteria (requirements of acceptance, quality control, accept/refuse-keys, etc.) for FRP materials in their as-produced state (e.g., rods, strands) and also for structural profiles (e.g., on extracted specimens). Test methods pertain to the short-term stress and strain behavior dependent on fiber configuration (anisotropy of strength and deformability), the long-term, time-dependent behavior (creep and relaxation), and the dynamic strength and stress-rupture behavior under sustained long-term stress. Therefore, due consideration must be given to the influence of moisture, tempera�ture, deleterious, dissolved media, and UV radiation on  all of the items relating to durability, etc. Thermal and hygral deformability may play an important role. 

·	developing  test methods and adjoined qualification criteria for connections and FRP specific structural details. These include FRP-bond to concrete and grout; structural behavior of laps, hooks etc.; and tendon-anchorage-assemblies.

·	developing uniform methods to present test results and their statistical properties for easy transfer into engineering design models. Elaborating statistical density function, cha�racteristic properties, property variability, etc.

·	developing material models for the implementation into every-day design models and also into research models. 

	

In view of the differences between countries with respect to open-mindedness towards research, funding and many other aspects, research steering on an international level by a research council could instigate the effort.

Focus Area Report:  DESIGN & ANALYSIS (F. Seible)

Cross Cutting Research Needs



Design and analysis research on the use and application of FRPs in RC, PC, shapes, systems, and repair is necessary in the four general areas of (1) performance specifications, (2) durability characterization, (3) interaction with conventional structural materials, and (4) environmental compatibility.

Performance Specifications



The multitude of possible combinations of fibers, resins, architecture, and manufacturing processes makes a definitive  selection of approved and tested materials virtually impossible. Such assurance would require a significant change and deviation from the conventional design process in the civil engineering community which is strictly based on pre-qualified and rated materials.



Without undue limitations on the advantages offered by the design of the materials system, materials specifications need to be replaced by performance standards and specifications, not just at the material level but also at the structural component and system levels.



These performance specifications must also include recommendations on partial safety factors to be considered in the overall design process, reflecting statistical variations in tested material characteristics, repeatability and quality control in the manufacturing process, durability issues, permanent and residual stress states, failure modes and failure consequences, ductility and over-strength, loading rates, damage sensitivity and propagation, etc.

Durability Characterization



With the increasing importance of life cycle cost and maintenance of civil structures, durability issues need to be addressed, researched, and provided in the form of characterizations which can readily be adopted in the general design and analysis process. Data on chemical resistance and stability of FRPs in the civil environment must be collected and disseminated in a comprehensive database to support the design process. Standardized tests and test protocols need to be developed in conjunction with accelerated testing to allow quick performance evaluation for new material systems. Only when reliable methods and models for the durability assessment of FRPs in civil engineering are developed can durability be considered a benefit rather than a hindrance in the choice of FRPs as alternate construction materials.

Interaction with Conventional Structural Materials



Due to significant differences in the basic material systems between FRPs and conventional structural materials, designing interfaces between these materials to ensure monolithic and consistent mechanic action is much more important in the overall design process. Design and analysis models for this interface characterization need to be developed and verified by experimental research. In many cases the interface behavior between the FRP and the conventional material will control the design. Differences in mechanical properties such as thermal coefficients and moduli need to be characterized and modeled to ensure that daily temperature cycles and strain compatibility stress states do not adversely affect the structural performance. Thin composite overlays must be evaluated for their performance under full load reversals; thick sections may already exhibit residual stresses from the coring process, and transverse stress dates may adversely affect the structural characteristics.

Environmental Compatibility



With all civil construction materials, environmental compatibility during construction and after demolition will become an increasingly important design factor. For all applications of FRPs in the civil engineering and construction industry, only material systems should be developed and used which do not tax the environment during manufacturing and which can be safely recycled and re-used. Significant research emphasis needs to be placed on the recyclability of advanced composite materials if broad-based civil engineering applications are to be expected.

Unified Research Approach



To make FRPs uniformly acceptable as alternate structural materials in the construction industry, research must focus on providing validated design and analysis tools to civil engineering designers. Based on the increased complexity of the materials system, these analysis codes may  need to be much more advanced than conventional civil engineering analysis tools in order to reflect both the material architecture and manufacturing process.



Research development must focus on determining to what extent the development of simple design models is possible, or to what extent education and training for the use of more complex analysis tools can be provided.



Independent of the type of analysis tool developed, a comprehensive validation of these tools with experimental data is required. Since, as outlined above, materials specifications will have to be replaced by performance specifications for materials, components, and systems, international common test protocols and standards must be developed in order to allow a uniform performance evaluation.



The goal of a unified research approach is the development of a broad technical database of material characteristics, component performance, connection performance, and systems behavior which can be put in a comprehensive guide specification as the basis for national and local design codes and standards.

Focus Area Report:  CONSTRUCTION PROCESSES (T. Okamoto)

Cross Cutting Research Needs



Various pilot structures such as bridges, buildings, and some parts of offshore facilities have been constructed  using advanced composites. During the last few years, we have seen not only FRP-rebars applied to bridges for prestressing tendons and to buildings as secondary reinforcement but also wrap materials applied to repair work for existing structures.



The cross cutting needs of the Construction Process focus area are based on the discussion in the focus group referring to the discussion of the topic areas. The main objects are: 



·	Durability (RC)

·	Anchorage systems — application data including cost (PC)

·	Innovating systems for construction process (Shapes)

·	Database developed through electronic network for connections, costs, etc. (Systems)

·	Review of repair, cost (life cycle cost), and international specifications (Repair)

Unified Research Approach



The unified research approach should focus on investigating the following items: 



·	New design concept. This concept must consider not only outstanding characteristics such as non-corrosion, light weight, high tensile strength etc., but also different characteristics compared with conventional steel material, such as nonplastic range, low fire resistance etc.

·	Reliability of material. In order to gain acceptance, the reliability of the material, especially the durability, must be supported based on many research works.

·	Speed and ease of installation. Compared with conventional approaches, repair using FRP is particularly competitive with respect to construction cost. In the future,  shapes will be competitive if innovative systems are developed.



Furthermore, we must develop 2D and 3D material systems which  reduce construction costs.

Focus Area Report:  ECONOMICS (L. Credali)

Cross Cutting Research Needs



The analysis of the Economics focus area is based on the discussions in the focus group. All participants agreed that Economics seems to be the main limiting factor for introduction and development of composites technology in construction.



Cost is critical but the problem should be regarded in view of:



·	Basic raw material cost. Fiber cost has increased in the last two years by more than 20%. That will not help the application of the materials. Carbon fibers costing $30-70 per kg are limited to special applications. Fiber producers must be urged to develop low cost carbon fiber tailored to civil engineering and construction. The potential market for a low cost carbon fiber is vast and can justify new large capacity production facilities.

·	Intermediate components. Intermediate components such as unidirectional fabrics, woven materials, laminates, pultruded rods, and profiles can strongly influence composite performance and application technologies. Intermediate products vary widely because all producers have different solutions and costs. Standardizing the compositions, shapes, and properties of intermediate products can help in cost reduction. Design will be facilitated and simplified by using well-defined components with standard properties.

·	Applications. Application is a costly step in the process. The use of tailored intermediate products can reduce costs compared to traditional technology. Composites should be regarded not as material substitution but as system substitution. Cost should be regarded as the total cost of the application. Again, component optimization and standardization are critical.

Unified Research Approach



The  following items should be developed to facilitate implementation of FRP materials in the construction market:



·	Standardization and certification of materials, intermediate products, and systems based on performance.

·	Training and education in design to promote simpler technologies.

·	Training and education at all operative levels.

·	Lobbying producers to manufacture low cost tailored carbon fibers for building applications.
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c�Materials/ Manufact.�Calderon (E)

Del Vasto (CO) 

Nanni (USA) �simbolo 33 \f "Wingdings" \s 12���simbolo 79 \f "Wingdings" \s 12���Terrasi (CH)

Uomoto (J) �simbolo 33 \f "Wingdings" \s 12���simbolo 79 \f "Wingdings" \s 12���Crivelli Visconti (I)

Dillon (USA)

McClaskey (USA)�Vaugham (USA) Sandrolini (I)�Okoshi (J)

Penna (RCH)

Tepfers (S) �simbolo 36 \f "Wingdings" \s 12����u

s�Characteri-zation�Al-Zaharani (SA)

Porter (USA) 

Razaqpur (CDN)�Arduini (I) �simbolo 33 \f "Wingdings" \s 12��

Naaman (USA)

Rostasy (D) �simbolo 36 \f "Wingdings" \s 12���Abdel-Sayed (CDN)

Zureick (USA)�Manfredi (I) 

Idriss (USA)

�Brandt (PL)

Ehsani (USA)

Triantafillou (GR)��



A�Analysis/ Design�Pilakoutas (UK)

Fukuyama (J) 

Spadea (I)�Harmon (USA)

Gambarova (I)

Taerwe (B)�simbolo 171 \f "Wingdings" \s 12���Bank (USA)�simbolo 171 \f "Wingdings" \s 12��

Dutta (USA)

Laudiero (I)�Seible (USA) �simbolo 36 \f "Wingdings" \s 12��

Zandonini (I)�Di Tommaso (I) @�simbolo 79 \f "Wingdings" \s 12��

Erki (CDN)�simbolo 171 \f "Wingdings" \s 12��

Machida (J)

Toutanji (PR) �simbolo 79 \f "Wingdings" \s 12����r

e�Construction Processes�Benedetti (I)

Hole (N) �simbolo 171 \f "Wingdings" \s 12��

Sentler (S)�Grace  (USA)

Rizkalla (CDN) �simbolo 33 \f "Wingdings" \s 12���Manfroni (I) �simbolo 33 \f "Wingdings" \s 12��

Serrania (MEX)�Creus (BR)

Scalzi (USA)�Halpin (USA) 

Hamelin (F) 

Okamoto (J) �simbolo 36 \f "Wingdings" \s 12����a

s�Economics�Crimi (CDN) �simbolo 79 \f "Wingdings" \s 12��

Faza (USA)

Gremel (USA)�Heffernan (CDN)

Vago (I)�Credali (I) �simbolo 36 \f "Wingdings" \s 12��

Giamundo (I)�Busel (USA) �simbolo 171 \f "Wingdings" \s 12�� 

Fairweather (USA) �Isley (USA) 

Emmons (+Thomas) (USA)

Steiner (CH)  ��

Note: @ Committee Chair, �simbolo 33 \f "Wingdings" \s 12�� Steering Committee, �simbolo 171 \f "Wingdings" \s 12��Topic Area Leader, �simbolo 36 \f "Wingdings" \s 12��Focus Area Leader

Delegation Chiefs:  A. Di Tommaso (Europe and Middle East), A. Nanni (USA), H. Toutanji (South and Central America),

		        J. Crimi (Canada), T. Uomoto (Japan and Asia)

�APPENDIX C:  Bologna Workshop Agenda



AGENDA FOR IRACC WORKSHOP

 Grand Hotel Baglioni - Bologna - Italy - June 9-11, 1996



DAY 1 - SUNDAY JUNE 9, 1996



9.00-10.30 p.m. Registration and evening social, Room Gazebo, - First Floor

Activities: register, obtain badge and information material, meet other delegates/spouses  and acquaint yourself with the meeting place



DAY 2 - MONDAY JUNE 10, 1996



PART I - MISSION AND INTRODUCTION,  Room Europa

Chairs Activities: review of workshop purpose & organization, introduction of subcommittee 

8:00-8:30 a.m. 	Introduction - A. Di Tommaso	

Workshop Mission and Organization - A. Nanni

Workshop Agenda - M. Arduini

Subcommittee Structure, Introduction of Chairs & Delegation Chiefs - A. Nanni

RC - Hole

PC - Taerwe 

Shapes - Bank 

Systems - Busel   

Repair - Erki�Materials - Tepfers 

Characterization - Rostasy

Analysis - Seible

Construction - Okamoto

Economics - Credali�Europe & Middle-East -  Di Tommaso

Canada - Crimi

USA - Nanni

Japan & Asia - Uomoto

South & Central America - Toutanji��

PART ii - Current and pending international R&D (see Room assignments)

8:30-10:00 a.m. 	Subcommittee meetings:  RC,  PC,  Shapes,  Systems,  Repair

Activities: according to the specific Topic Area, discuss, distill, and summarize the trends and the knowledge acquired or to be acquired in the research project listed in the draft report as circulated. List research tasks to be accomplished in the future. 



10:00-10:30 a.m. Break



10:30-11:30 a.m. General session with reports from Topic Area Chairs (9 min. each followed by discussion), Room Europa

Activities: present the findings of the specific Topic Area subs and define a common format and priorities for the final report.

11:30-12:00 a.m.	General discussion lead by Focus Area Chairs, Room Europa

Activities: discuss and propose a format that unifies the topic areas horizontally. Focus area chairs to lead this discussion with a prepared statement based on their reading of the situation. 



12:00-1:00 p.m. LUNCH



PART III - Material standards, test methods, and building codes

1:00-2:30 p.m. 	Subcommittee meetings: Materials, Characterization, Analysis, Construction, Economics (see Room assignments)

Activities: discuss and develop specific recommendations for the final document by Focus Area. Modify research tasks as proposed by the Topic Area Subs. In particular, address issues of standards, tests and codes that are common for composites independently of the type of application.



2:30-3:00 p.m. Break



3:00-4:00 p.m. 	General session with reports from Focus Area Chairs (9 min. each followed by discussion), Room Europa

Activities: present the findings of the specific Focus Area subs and receive input from the full Committee.

4:00-4:30 p.m. 	General discussion lead by Topic Area Chairs, Room Europa

Activities: final common discussion on the preliminary deliberations per Topic Areas.



4:30-5:00 p.m. Break



PART IV - NATIONAL /REGIONAL CAUCUSES 

5:00-6:00 p.m. 	National/regional meetings lead by the delegation chiefs (see Room assignments)

Activities: review these activities from a national perspective, propose implementation plans for coordinated research. 



8:00-10:00 p.m. Workshop Banquet 

Tickets available at the Baglioni registration desk before noon





DAY 3 - TUESDAY  JUNE 11, 1996



PART V - International strategic research plan), Room Europa

8:30-9:30 a.m. 	General session with reports from National/Regional Coord. (9 min. each followed by discussion)

Activities: present the findings of the national meetings and receive input from the full Committee.

9:30-10:00 a.m. 	General discussion lead by Topic area leaders

Activities: final common discussion to outline an international research plan.



10:00-10:30 a.m. Break



10:30-12:00 a.m. Subcommittee meetings: RC,  PC,  Shapes,  Systems,  Repair, (see Room assignments)

Activities: discuss and develop final deliberations.



12:00- 1:00 p.m. LUNCH



PART VI - Action plan for the future, Room Europa

1:00- 2:30 p.m. 	Topic Area reports (10 min. each followed by discussion)

Activities: presentation of final deliberations and discussion.



2:30- 3:00 p.m. Break



3:00- 4:30 p.m. 	General session led by Workshop Chair - A. Di Tommaso

Activities: summary of the two-day work, seek a consensus for approval and implementation of a coordinated research plan and related activities. 



	Adjourn



5:00- 6:00 p.m. 	Preparation of final report (steering committee and Focus & Topic area leaders only)

Activities: prepare the outline for the final report and give assignments.

�APPENDIX D:  Montreal Workshop Agenda



Canada/US/IRACC Workshop on Research Needs on ACM





Malsonneuve D, Marriott Chateau Champlain, Montreal

August 11, 1996, 8:00 - 18:00



Co-Chairs

Dr. Antonio Nanni  (USA)

Dr. A. Di Tommaso  (Italy, IRACC)

Dr. J.J. Roger Cheng  (Canada)



8:00 	- 	8:15	Opening Remarks (Drs. Nanni, Di Tommaso, Cheng)



8:15 	- 	9:35      	Reinforced Concrete (Co-Chairs: Drs. Arne Hole, Aftab Mufti)



9:35 	- 	9:50   	Coffee Break



9:50 	- 	11:10    	Prestressed Concrete (Co-Chairs: Drs. Luc Taerwe, Sami Rizkalla)



11:10 	- 	12:30  	Structural Shapes (Co-Chairs: Drs. Lawrence Bank, Marie-Anne Erki)



12:30 	- 	1:30    	Lunch



1:30 	- 	2:50      	Structural Systems (Co-Chairs: Drs. Frieder Seible, Baidar Bakht)



2:50 	- 	4:10      	Repair (Co-Chairs: Drs. Marie-Anne Erki, J.J. Roger Cheng)



4:10 	- 	4:30	Coffee Break



4:30 	- 	6:00      	General Session 

			(Co-Chairs: Drs. Antonio Nanni, Di Tommaso, J.J. Roger Cheng)



Secretary: Drs. Marco Arduini, Leslie Jaeger



�APPENDIX E:  Montreal Participants List



�George Abdel-Sayed, Dr.Eng., P.Eng.�Professor�Civil and Environmental Engineering�Windsor, Ontario, CANADA  N9B 3P4�519-253-4232�FAX 519-971-3686�sayed@uwindsor.ca



Panchy Arumugasaamy, Ph.D., P.E.�Senior Engineer�Composites Innovation Laboratory�Owens-Corning Science & Technology Center�2790 Columbus Road, Route 16�Granville, OH  43023-1200 USA�614-321-7277�FAX 614-321-7433�Voice 1-800-742-0852  ID# 321-7277



Lioudmila Aslanova, Dr. Ph. (Engineering)�Laboratory of Reinforcement for Structurs�Federal Research Center-Construction�Research Institute of Concrete and Reinforced Concrete (NIIZhB)�Moscow, 109428 RUSSIA�2-nd Institutskaya str., 6.�7-095-174-74-50�FAX 7-095-372-22-24



Craig A. Ballinger, P.E., President�Craig Ballinger & Associates�314 Ayito Road, S.E.�Vienna, VA  22180-5983  USA�703-938-1057�FAX 703-938-1252



Lawrence C. Bank, Ph.D., P.E., Professor�Department of Civil Engineering�The Catholic University of America�Washington, D.C.  20064  USA�202-319-4381�FAX 202-319-4499�Bank@cua.edu



Josee Bastien�Faculte des sciences et de genie�Pavillion Adrien-Pouliot�Quebec, CANADA  G1K 7P4�418-656-7849�FAX 418-656-2928



Dr. C. J. Burgoyne, Lecturer�Engineering Department�University of Cambridge�Trumpington Street�Cambridge, CB2 1PZ

UNITED KINGDOM�01223-332698�FAX 01223-332662�cjb@eng.cam.ac.uk



T. Ivan Campbell, B.Sc., Ph.D., D.Sc., P.Eng.�Professor�Department of Civil Engineering�Queens University�Ellis Hall�Kingston, Ontario, CANADA  K7L 3N6�613-545-2141�FAX 613-545-2128



J. J. Roger Cheng, Ph.D., P.Eng.�Professor of Structural Engineering�Department of Civil Engineering�University of Alberta�219C Civil/Electrical Engineering Building�Edmonton, Alberta, CANADA  T6G 2G7�403-492-2992�FAX 403-430-7072�rcheng@civil.ualberta.ca



Kees D. de Waal, Project Manager�NEDRI Spanstaal BV�Groot Egtenrayseweg 13�NL-5928 PA Venlo-Blerick�P.O. Box 3040 - NL-5902 RA Venio

THE NETHERLANDS�+31-77-3877477�FAX +31-77-3873171



Ben DeVino, MSCE, Managing Director�Composite Retrofit International�400 de Maisonneuve Blvd. W., Suite 1202�Montreal, Quebec, CANADA  H3A 1H4�514-282-1407�FAX 514-282-6324



�Professor Ing. Angelo Di Tommaso�Bologna University�Viale Risorgimento, 2�I - 40136 Bologna ITALY�+39-51-64-43-490�FAX +39-51-64-43-495�scienzac4@ingb01.cineca.it



Charles W. Dolan, Ph.D., P.E.�Professor, Structural Engineering�University of Wyoming�Dept. of Civil and Architectural Engineering�Room 3034, Engineering Building, Post Office Box 3295�Laramie, WY  82071-3295 USA�307-766-2857�FAX 307-766-4444�cdolan@uwyo.edu



Garth J. Fallis, P. Eng.�General Manager, Concrete Rehabilitation Division

Vector Construction Ltd.

474 Dovercourt Drive

Winnipeg, Manitoba  R3Y 1G4

CANADA

204-489-6300

FAX 204-489-6033



Joseph Gedeon, Managing Director

Pro-TECT Middle East W.L.L.

P.O. Box 7793

Abu Dhabi / U. A. E.

971-2-727668

FAX 971-2-727296



Dr. N. Gowripalan

Lecturer

Department of Structural Engineering

School of Civil Engineering

The University fo New South Wales

Sydney 2052, AUSTRALIA

+61-2-385-5146

FAX +61-2-385-6139



Jacques A. Granadino, M.Eng.

Structural Engineer, Marine Works

Architectural and Engineering Services

B.C./Yukon Division

1166 Alberni Street, Room 204

Vancouver, B.C.  V6E 3W5 CANADA

604-623-6279

FAX 604-623-6262



Dr. Mark F. Green, P.Eng., Project Leader

Department of Civil Engr., 

Faculty of Applied Science

Ellis Hall

Queen's University

Kingston, Ontario, K7L 3N6

CANADA

613-545-2147

FAX 613-545-2128

greenm@civl6000a.civil.queensu.ca



Arne Roger Hole, Senior Engineer�Norsk Hydro A.S.�Drammensveien 264, Vaekero, Oslo�P.O. Box 200�N-1321 Stabekk, NORWAY�+47 22 73 78 71�FAX +47 22 73 95 38



Tokitaro Hoshijima, General Manager

Carbon Fiber & Advanced Composites Materials Dept.

Mitsubishi Chemical Corporation

5-2, Marunouchi 2-Chome

Chiyoda-ku, Tokyo 100

JAPAN

81-3-3283-6838

FAX 81-3-3283-6769

2501181@cc.m-kagaku.co.jp



L. G. Jaeger, Ph.D., S.Sc., R.R.S.E., P.Eng

Research Professor

Technical University of Nova Scotia

P.O. Box 1000

Halifax, Nova Scotia  B3J 2X4

CANADA

902-420-7757

FAX 920-420-7551



Howard S. Kliger, Ph.D.

H. S. Kliger & Associates, Inc.

31 Stratford Circle

Edison, NJ  08820  USA

908-756-0509

FAX 908-754-5292



James G. Korff, PE, PMP, Project Manager

XXSYS TECHNOLOGIES, INC.

4619 Viewridge Avenue

San Diego, CA  92123 USA

619-974-8200

FAX 619-974-8208

jkorff@xxsys.com



Gary Kriviak, M.Sc., P.Eng.

Structural Division

Reid Crowther & Partners Ltd.

300, Groat Estates I, 12420 - 104 Avenue

Edmonton, Alberta T5N 3Z9

CANADA

403-488-6800

FAX 403-488-2121



Janet M. Lees

University of Cambridge

Department of Engineering

Trumptinton Street

Cambridge CB2 1PZ

UNITED KINGDOM

+44-1223-339720

FAX +44-1223-332662

jml2@eng.cam.ac.uk



John J. Lesko, Assistant Professor

Materials Response Group

Engineering Science and Mechanics Department

Virginia Polytechnic Institute and State University

Blacksburg, VA  24061-0219  USA

540-231-5259

FAX 540-231-9187

jlesko@vt.edu



Atsuhiko Machida, Professor�Dept. of Civil and Environmental Engr.�Saitama University�255 Shimo-Ohkubo Urawa�Saitama 338 JAPAN�048-858-3550�FAX 048-855-9361�amachida@sacs.sv.saitama-u.ac.jp



Gaetano Manfredi, Ph.D.�Departimento di Analisi e Progettazione Strutturale�Facolta di Ingegneria�Via Claudio, 21  80125  Napoli  ITALY�+39.81.768-3488 or 2449�FAX +39.81.768-3491�gamanfre@ds.unina.it



Kyuichi Maruyama, Ph.D.

Nagaoka University of Technology

1603-1 Kamitomioka Nagaoka

Niigata 940-21

JAPAN

0258-46-6000

FAX 0258-47-0019

kmaru@voscc.nagaokaut.ac.jp



Professor Urs Meier, kipl.Ing.ETH/SIA, Director

Swiss Federal Laboratories for Materials Testing & Research

EMPA Dubendorf

Uberlandstrasse 129

CH-8600 Dubendorf

SWITZERLAND

+41-1-823-41-00

FAX +41-1-821-62-44

urs.meier@empa.ch



M. Saeed Mirza, Ph.D., Eng., Professor

Department of Civil Engineering and Applied Mechanics

McGill University

817 Sherbrooke Street West

Montreal, P.Q., CANADA  H3A 2K6

514-398-6862

FAX 514-398-7361

mirza@civil.lan.mcgill.ca



Antonio Nanni, Ph.D., P.E.

Professor

Department of Architectural Engineering

The Pennsylvania State University

212 Engineering Unit "A"

University Park, PA  16802-1417  USA

814-863-2084

FAX 814-863-4789

axn2@psu.edu



R. Noordzij, M.Sc.

Hydraulic Infrastructure Department, Design Engineer

Minstry of Transport, Public Works and Water Management

Directorate-General for Public Works & Water Management

Civil Engineering Division

P.O. Box 59, 2700 AB Zoetermeer

Herman Gorterhove 4

THE NETHERLANDS

+31793292536

FAX +31793292301



Rick Pauer

Technical Mgr., Composites Business Development Team

Reichhold Chemicals, Inc.

2400 Ellis Road

Durham, NC  27703-5543  USA

919-990-7530

FAX 919-990-7514

rick.pauer@reichhold.com



Fred J. Policelli, Consultant

4891 Wallace aLane

Salt Lake City, UT  84117  USA

Phone/FAX: 001-801-277-5689



Max L. Porter, P.E., Ph.D., Professor�Civil & Construction Engineering�Iowa State University�Ames, IA  50011 USA�515-294-7457�FAX 515-294-8216�mporter@iastate.edu



D. V. Reddy, Ph.D., P.E.,

Professor and Director

Center for Marine Structures and Geotechnique

Department of Ocean Engineering

Florida Atlantic University

Boca Raton, FL  33431  USA

407-367-3443

FAX 407-367-3885

reddy@oe.fau.edu



Ferdinand S. Rostasy, Prof., Dr.-Ing.�Institut fur Baustoffkunde, Massivbau �und Brandschutz�Beethovenstraáe 52�38106 Braunschweig, GERMANY�05 31 3 91-54 21�FAX 05 31 3 91-45 73



Dra. Florencia Serrania Soto�Instituto De Ingenieria UNAM�CD. Universitaria�Apdo. Postal 70-472�04510 MEXICO, D.F.�5 622-81-26 al 31�FAX 5 622-80-91�serrania@servidor.unam.mx



Khaled A. Soudki, B.Eng., M.Sc., Ph.D., P.Eng.

Adjunct Assistant Professor & NSERC Postdoctoral Fellow

Department of Civil Engineering

Ellis Hall

Queens University

Kingston, Ontario CANADA  K7L 3N6

613-545-2138

FAX 613-545-2128

soudki@civil.queensu.ca



Prof. Giuseppe Spadea�Dept. of Structural Engineering�The University of Calabria�87030 Arcavacata di Rende (CS)�ITALY�+39 984 494023�FAX +39 984 494045�g.spadea@unical.it



Werner Steiner, C.Eng. ETH/SIA�Technical Manager�Sika Ag�Tuffenwies 16-22�Ch-8048  ZURICH�01-436 42 45�FAX 01-436 46 55



Professor R. N. Swamy, 

Dept. of Mechanical & Process Engineering

The University of Sheffield

Mappin Street

Sheffield S1, 4DU

UNITED KINGDOM

0114-282-5161

FAX 0114-275-3671

r.n.swamy@sheffield.ac.uk



Dr. Gamil Tadros, P.Eng., FCSCE

43Schiller Crescent, N.W.

Calgary, Alberta, CANADA  T3L 1W7

Phone/FAX 403-547-2196

tadrosg@cacivision.com



Giuseppe Vago�SIREG�20043 Arcore  Milano�Via del Bruno, 12�039 6013221�FAX 039 615996



Dr. Z. J. Wu

Faculty of Civil Engineering

Delft University of Technology

Stevinweg 1

P.O. Box 5048

2600 GA Delft,  THE NETHERLANDS

++31-15-278-70-26

FAX ++31-15-278-31-73

wu@dutcs30.tudelft.nl
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