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INTRODUCTION

Defined in a broad sense, composites are not new. In fact, they date back thousands of years to
the construction of adobe-like dwellings, which combined the use of straw, mud and clay,
Composites today are found in a variety applications, from concrete sidewalks to polymer
stealth aircraft.  Composites also have broad applications for the offshore industry, as
represenled by offshore concrete structures, and the limited application of polymer composites
for platform decking, low-pressure piping and chemical and water storage tanks.

The dramatic increase in deepwater leases with exploratory drilling, to depths of 2250 meters,
as well as the leasing of sites in very hostile environments, e.g. the Arctic, has pushed the
offshore industry to develop new design concepts for offshore platforms. Composites will play
an important enabling role in the development of these future sites by providing four critical
attributes to the design engineer: 1) corrosion resistance, 2) custom design profiles and strength,
3) high-strength to weight ratio and 4) fatigue resistance.

Despite the great promise composites may offer the offshore industry, several problems remain
that will hinder the widespread acceptance of structural composites in offshore structures.
Primary among these is cost. The manufacturing of composite structures depends on careful
fabrication techniques, which offentimes require close supervision, extensive human labor and
associated high costs. Large-scale reproducibility remains a difficult manufacturing challenge,
which in turn forces conservative design practices. In addition, accepted design protocol has yet
to be developed for the application of structural composites. Nontraditional inspection and
repair techniques must also be developed for composites in offshore structures. And there skl
remains a high-level of ignorance with regard to the long-term performance of composite
materials (cyclic and thermal fatigue, environmental degradation, local impact damage, and
failure mechanisms) in the marine environment.

The benefits that composites could offer the offshore industry warrant their continued
investigation as future materials in offshore structures. Significant advances are made every
year in the development of advanced composites and it will be only a matter of time before
composites are widely accepted as a structural material.

This workshop will bring together the potential users and manufacturers of composite
materials with MIT researchers to discuss some of the most promising applications of
composites. The workshop will also identify those questions that must be answered for the
successful use of composites in future offshore structures.

John Moore [r.
Manager
MIT Marine Industry Collegium



WORKSHOP AGENDA

Advanced Composites for Offshore Structures

October 30, 1991

B:00-8:45 REGISTRATION

8:45-9:00 Welcome
Jokn Moore, MIT Seq Grant
Shyam Sunder, MIT, Dept. of Civil Engineering

9:00-9:45 An Overview of Advanced Structural Composites
Douglas S. Barno, $.P.J.[Composites Institute

9:45-10:30 High-Performance Composites for Deepwater Risers
Pierre Odru, Institut Francais du Petrole

10:30-10:50 BREAK

10:50-11:20  Failure and Damage Mechanisms in Composites
Paul A. Lagace, MIT, Dept. of Aeronautics & Astronautics

11:20-11:50 Environmental Degradation of Composites
David K. Roylance, MIT, Dept. of Materials Science and Engineering

11:50-12:20 Composites Manufacturing
Timothy G. Gutowski, MIT, Dept. of Materials Science and Engineering

12:20-1:30 LUNCH

1:30-2:15 Steel/Concrete/Steel Sandwich Compaosites for Permanently
Floating Platforms
Dale E. Berner, Ben C. Gerwick, Inc.

2:15-2:45 High-Strength Cement Composites for Marine Applications
Oral Buyukozturk, MIT, Dept. of Civil Engineering

2:45-3:05 BREAK

3:05-3:35 Minimum Weight Design of Foam Core Sandwich Panels

Lorna ]. Gibson, MIT, Dept. of Civil Engincering

3:35-44( 5 Design of Fiber Reinforced Brittle and Quasi-Brittle Matrix Composites for
Marine Applications
Christopher K. Y. Leung, MIT, Dept. of Civil Engineering

4:05-4:45 Future Research Needs in Advanced Composites
Open Discussion by all Participants

5:30-7:00 RECEPTION, MIT Faculty Club
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Advanced Composites for Offshore Structures

October 31, 1991
8:00-8:30 LATE REGISTRATION
8:30-9:15 Offshore Applications & Requirements for Use of Advanced Composites

Mamdouh M. Salama, Conoco

9:15-9:45 Polymer Composites in Structures
Thanasis C. Triantafillou, MIT, Dept. of Civil Engineering

9:45-10:15 Non-Conventional Profiles of Composites for Structural Applications
Andrew Green, Composite Technology, Inc.

10:15-10:30 BREAK

10:30-11:00 Composites and Construction Require a Structural Design System
Richard E. Chambers, Simpson, Gumpertz and Heger, Inc.

11:00-11:30 Economic Evaluation of Composites for Offshore Use
Frank R. Field, MIT, Dept. of Materials Science and Engineering

11:30-12:15 Where do we go from here?
Open Discussion by all Participants



SYNOPSES OF PRESENTATIONS

QOctober 30

9:00
An Overview of Advanced Structural Composites
Douglas S. Barno, Society of Plastics Industry, Inc.

Composites are an unusually versatile family of materials which are used in a wide variety of
industrial, transportation and consumer applications. Composites have come of age largely due
to widespread recognition that these materials offer a unique combination of important
performance benefits including:

» High Strength (both amount and orientation),

* Light Weight,

¢ Corrosion Resistance,

* Dimensional Stability (mechanical and environmental),
* High Dielectric Strength,

¢ Low Tooling Cost,

* Parts Consolidation,

¢ Finish and Color and

* Long Term Durability /Low Maintenance.

In many demanding industrial applications including marine and related waterfront service,
composites have a forty-five year track record of successful performance. But in-depth
knowledge and use of composites in offshore structures is Jargely confined to specialty products.
Composites are an unusually versatile and valuable family of materials that can solve
offshore problems such as corrosion, improve productivity or facilitate introduction of new
products.

But, there are a few "tricks” to understanding and applying composite technology to a new or
existing product. These new things to learn are not difficult, but they are important. Like any
new material system, working in composites just takes getting familiar with the basics.

It is important to keep in mind that with "traditional" materials such as sheet steel, aluminum
bar stock, magnesium die castings, etc., the fabrication process shapes the material into final
product form without changing the basic properties of the materials themselves. This is not
necessarily the case with composites. The properties and characteristics of composite
materials are generally created at the same time as the product is being formed. In this way,
composites are more like concrete than metals. That is, you create a typical concrete mixture
system when the ingredients are mixed and allowed to set and cure.

There are great benefits inherent in the versatile family of all composite materials and
particularly with advanced composites. But, there can also be real pitfalls if proper attention
is not given to the initial design and testing phase, and if adequate materials, process and
quality control procedures are not in place during manufacture. This requires knowledge of the
materials behavior and process altenatives early in the design and evaluation phase of any
composite application development project to assure that the properties and benefits of
composites have been optimized. Ineffective application of composite materials or processes
may result in cost/ performance disadvantages or outright misapplication and product failure.



An additional benefit of working with composite materials is that models and prototypes can
be produced which essentially duplicate the manufactured part performance of the desired
production part. This allows comprehensive testing of the design in lab and service settings
before committing to manufacturing investment.

Implicit in the composites application development process is that the practitioner must have
adequate grounding in composite materials/processing /design considerations to make
intelligent initial choices. Fortunately, this is not something that an engineer must undertake
alone. There is already a well-developed network of resources including knowledgeable
composites fabricators with off-the-shelf-items, composites consultants, CAD/CAM programs
composites designers, prototype specialists, university /industry composites centers and alike.
Such resources are readily available either through direct contact or by referral to appropriate
parties as part of the new Composites Institute Market Development Program.

The necessary structural /design knowledge required to position composites as materials of
choice in demanding structural applications in marine/offshore markets already exists in large
degree within the composites industry. The problem is that such information is generally
closely-held and is not readily available to practitioners. Another concern is that composites
structural design information is not generally developed in traditional civil engineering
materials design formats. Therefore, a long-term effort on the part of the composites industry
to develop a composites Structural Design System (SDS) based on Total Structural Knowledge
(TSK) will be required before composites can reasonably penetrate structural marine /offshore
applications markets on other than a specialty basis. It is certainly valid and beneficia) to use
composites in specialized applications. However, until TSK/SDS is widely available to the
marine/offshore industry, practitioners may not have the same degree of ease or confidence
dealing with composites that they presently have with traditional materials such as steel,
concrete and metallic alloys. Simply stated, until practitioners have a "Composites
Handbook" sitting on the reference shelf alongside the steel handbook and concrete handbook,
coupled with a number of years successful experience with the material, composites will
probably continue to be "on the outside..Jooking in" at the mainstream of marine/offshore
markets and applications.

At this writing, the Composites Institute is in the initial stages of market investigation as to
the viability of using advanced multi-phase composites in the marine waterfront and offshore
applications. If this program reaches full term within the next 45 to 60 days, a multi-faceted
task group comprising composites industry resources, marine and offshore trade/professional
organizations (TPO's), practitioners and selected academic resources will join forces to identify
and develop new applications for composites in these markets. Such an effort will establish
performance /cost targets, competitive materials shortfalls and probable response,
demonstration projects, specifications/standards, education/training, etc. in a total

technical /commercial package suitable for wide-spread commercialization.

The Composites Institute is pleased to be taking a leadership position in this effort. We would
like to hear from any marine/offshore organizations that would be interested in participating
in such a market development effort.

9:45
High-Performance Composites for Deepwater Risers
Mr. Pierre Odru, Institut Francais du Petrole

With increasing water-depth, the weight of offshore structures for drilling or production
systems becomes a major problem and analysis shows that the weight of the risers is one of the
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critical contributors. This talk will summarize work that the Institut Francais du Petrole has
performed to date in the offshore applications of composites. An overview of the results of the
recent joint industry project devoted to the qualification of advanced composite tubes for tension
leg platform use and an optimized tube structure will also be presented.

10:50
Failure and Damage Mechanisms in Composites
Professor Paul Lagace, MIT

Composite materials present a real opportunity to the structural designer due to their high
stiffness-to-weight and strength-to-weight ratios as well as due to the ability to tailor the
structure to the particular structural demands. However, with this increased flexibility comes
increased complexity in the manner in which these materials, and structures made of these
materials, fail. The "composite nature” of the material means that there are two components,
the fiber and the matrix, which can fail. This introduces the various failure modes of fiber
fracture, matrix fracture, and fiber /matrix debonding. The laminated nature of these structures
introduces the failure mode known as delamination. Final failure of a structure can occur due to
material effects, such as fiber failure, or due to structural effects, such as buckling of
delaminated sublaminates whereby the overall structure ioses its integrity.

It is therefore important for the structural engineer to understand each of these damage
mechanisms and how they interact to cause the final failure of a composite structure. This is
especially important in applications such as offshore structures where in site inspection and
repair of the structure is difficult and the structure is expected to have a substantial lifetime.

The different failure modes associated with composite materials and the manner in which
they contribute to final failure will be discussed. This includes damage accumulation under
repeated loading. Techniques to assess the vulnerability of structures to various damage types
will be presented. This is separated into two phases: techniques to assess the stress/strain
state, and failure/damage criteria utilized. In addition, research needs will be identified.

11:20

Environmental Degradation of Composites
Professor David K. Roylance, MIT

Since their large-scale introduction as radome materials during the Second World War, fiber-
reinforced composite materials have enjoyed a remarkable growth market, and are now being
used in a wide variety of military and commercial applications. Excellent toughness, high
strength, low density, microwave transparency, and many other attributes not present in more
traditional materials provided much of the impetus for this growth. However, one must also
include the excellent environmental resistance of composites as a feature sought by many
designers. Composites are not totally immune to the outdoor environment, but they are less
susceptible to corrosion than many other materials, and they are in many cases easier to
stabilize against weathering.

Unless suitably stabilized and coated, fiber-reinforced composites are subject to photoinitiated
oxidation that results in a degradation of the resin surface and an eventual reduction in the
composite’'s mechanical properties. This photooxidation process, which is initiated by UV-
absorbing oxidation products created during cure, is relatively amenable to detection by
techniques of analytical chemistry. Mechanical test results, reflecting as they do a very wide
range of material properties, are more subject to variability and misinterpretation.
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Even though the vast majority of commercial items employing composites consist of chopped
glass fibers in polyester matrices, applications requiring excellent performance usually specify
epoxy resins and often more high-performance fibers (Kevlar, graphite, boron). While this
review will deal in detail only with epoxy composites, many of the comments to be made will
be germane to the polyester composites as well.

11:50
Composites Manufacturing
Professor Timothy.G. Gutowski, MIT

The purpose of this talk is to review composites manufacturing techniques with a particular
emphasis on those applicable for the production of offshore structures. In the limited time we
have, T will attempt to point out the advantages and limits of each process, current efforts to
develop new processes, and the general econornics of composites manufacturing processes. In the
conclusion, I will outline some of the composites manufacturing research projects at MIT.

1:30

Steel-Concrete-Steel Sandwich Composite Construction
for Permanently Floating Platforms

Dr. Dale E. Berner, Ben C. Gerwick, Inc.

Steel-concrete-steel, $-C-5, sandwich composite construction has been used for many years for
such temporarily floating structures as bridge piers and immersed tubes. Since 1983, Ben C.
Gerwick, Inc. (BCG) has been engaged in the physical testing, computer analysis, and /or the
preliminary design of 5-C-5 sandwich constructions. This work has been primarily directed
towards structures such as ice-resistant offshore Arctic Gravity Base Structures, (GBS's), and
blast-resistant silo structures for which high-strength, high-ductility and high-shear
capacity are of primary importance. Permanently floating platforms such as tension leg
platforms, (TLP's), and semi-submersibles have somewhat different design criteria than the
GBS and silo structures mentioned above; however, it is the intention of this work to relate
BCG, Inc.'s experience with $-C-5 sandwich construction to permanently floating structures.

BCG, Inc. has recently been engaged in several studies regarding reinforced / prestressed concrete
TLF's, and is familiar with the load capacity, durability, quality control, and construction
requirements associated with such floating structures. Some key requirements for permanently
floating structures include:

* Water-tightness,

* Fatigue resistance,

* Column/Pontoon node design,

* Weight and draft requirements for construction, towing, and operation,
* Ability to resist hydrostatic water pressures and

* Reliability and minimized risk.

Concrete TLP's have been demonstrated to have lower costs than equivalent steel TLP's; and it
is the opinion of the author of this work that 5-C-$ sandwich composites can be designed to
have still lower costs than concrete TLP's. Some characteristics of $-C-$ sandwich composites
that make them particularly well-suited for permanently floating platforms inciude:



* Double steel membranes for water tightness.

¢ Use of thinner steel elements than all stee! construction for
better weldability.

* Superior ductility and confinement of the concrete, than for reinforced /prestressed
concrete construction, thus allowing for the use of higher strength cementitious
materials.

¢ Resistance to local indentation, such as boat impacts.

* Capacity to use the steel shell either as fixed, or floating, form work for casting the concrete

core.
» Optional use of prestressing to control cyclic fatigue stresses in the plate steel.

* Use of thinner member thicknesses due to lack of concrete cover, and optional use of higher

strength materials.

* Optional use of shipyard construction and use of automatic welding and automation. Possible

elimination of construction of graving dock.

* Two-way action of plate steel versus one-way action of steel reinforcing bars for
convention concrete.

Although past experience with C-5-C sandwich composites has been extensive, including
research in Europe, North America, and East Asia still additional research is merited for S-C-
5 sandwich composite designs specific to permanently floating structures. Areas recommended
for further research include:

* Cyclic fatigue testing, simulating wave loading conditions.

* Additional tests with the 5-C-S composites loaded under multi-axial stress conditions,
including membrane tensile/compression, torsion, and shear.

* Additional tests on joints and nodes between interconnecting members.

* Additional tests on larger scale cylindrical and curved members.

* Additional tests on specimens with different internal steel configurations, including internal

cellular configurations as discussed below.

To elaborate on the final recommendations given above, based on the research at BCG, Inc. it is
believed that cellular 8-C-$ sandwich composites would show particular merit for
permanently floating structures. It is proposed that steel tubes would be fricion welded to the
inside of one of the steel plates, and that headed studs would be welded to the inside of the
opposite steel plate. The tubes and the headed studs would over-lap sufficiently that the
cementitious material in the core would bind the two plates together. Air voids would exist
inside the tubes with cementitious material tubes, thus leading to a cellular sandwich
composite similar to the high-strength, lightweight cellular composites used in such structures
as jet airplanes. Some advantages that such a cellular design would have include:

* Reduced dead weight due to the air voids in the tubes.

* Reduced problems due to heat of hydration of the cementitious material.

* Optional partial infilling of the core with cementitious material.

* Tubes would help control shear stresses through the composite.

* Facilitation of the use of very high strength cementitious materials, possibly with
compressive strengths as high as 30,000 to 40,000 psi.

2:15
High-5Strength Cement Composites for Marine Applications
Professor Oral Buyukozturk, MIT

During the past 50 years considerable experience has been gained in the use of concrete
composites for marine applications. Concrete gravity structures had their first offshore
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applications in the development of structures for petroleum exploration in the North Sea in
early 1970's. This experience has proven some important advantages of using concrete
composites in offshore structures such as structural durability and low maintenance cost.
Furthermore, introduction of high-strength concrete with silica fume provides potential
solutions for critical design problems of slender elements such as shafts, and of resistance of
concrete against abrasion and freeze-thaw cycles, permeability, and rebar corrosion.

One of the critical problems in designing concrete structures for marine environments, and
especially for ice waters, is Jocal loadings with high-stress intensities. This is especially
important for plate and shell elements subjected to critical, shear conditions. Such elements
should be designed for ductile failures and the concrete composite used for these elements
should possess improved strength and ductility properties. Furthermore, in designing such
shear-critical elements, problems related to structural constructibility may arise due to the
intensity of this required shear reinforcement to be placed in critical regions.

This presentation will discuss MIT research in the development of a concrete composite
material consisting of high-strength concrete with silica fume and polypropylene or steel
fibers. The objective of this research was to investigate the strength and ductility of fiber
reinforced, high-strength concrete under direct shear forces. Both experimental and modeling
studies have been performed and the results of these studies will be presented.

In the experimental study, push-off, fiber-reinforced, high-strength concrete specimens were
tested. Two types of fibers were used: polypropylene and steel fibers. Another experimental
variable was introduced by including conventional stirrups in some specimens. Load and shear
deformation characteristics as well as failure modes of the specimens were studied and a
comparative evaluation of the results made. The experimental program also included
specimens made with fiber-reinforced normal strength concrete for comparison of the results
with those from the high-strength concrete. An existing model was further developed for use in
the analytical prediction of the shear-stress/shear-strain relations for these specimens. The
model includes directional compression and tension softening phenomena for concrete under a
biaxial, stress state.

In general, fibers proved to be more effective in high-strength concrete than in normal strength
concrete, increasing both ultimate load as well as overall ductility. This is attributed to the
improved bond characteristics associated with high-strength concrete. For the case with steel
fibers, significant increases in ultimate load and ductility were observed. In the case with
polypropylene fibers, a lower increase in ultimate load was obtained when compared to the
increase due to steel fibers; while the overall ductility was greater than that with steel fibers.
In the tests involving the combination of fibers and conventional stirrups, slight increases in
ultimate load were observed while major improvements in overall ductility compared to plain
concrete with stirrups were obtained.

In conclusion, the results obtained indicate potential application areas for the use of fiber-
reinforced, high-strength concrete in marine applications where shear-critical design of the
structural elements are required.

3:05
Minimum Weight Design of Foam Core Sandwich Panels
Professor Lorna ]. Gibson

Structural components made up of two stiff, strong faces separated by a lightweight core are
known as sandwich panels. Typical face materials include fiber composites, aluminum and
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plywood. Core materials include honeycombs, usually made of either aluminum or resin-coated
paper, and polymer foams; honeycomb cores are preferred in aerospace applications where the
weight of panel is critical while foam cores are preferred in building applications where both
the weight and the thermal resistance of the panel are important. The separation of the faces
by the core increases the moment of inertial of the panel with little increase in weight, making
them efficient for resisting bending and buckling loads.

Here at MIT we have been studying two aspects of sandwich panels: the minimum weight
design of structural sandwich panels with foam cores and the development of new core
materials with improved properties. The analysis of the minimum weight design of a panel
has been improved by allowing the density of the foam core to be a design variable in the
optimization. The analysis has been performed for both stiffness and strength constraints for
sandwich beams and sandwich panels. A software package has been developed to automate
the design procedure. The results of the analysis have been compared with experiments on
sandwich beams with aluminum faces and rigid polyurethane foam cores; the analysis gives a
good description of the minimum weight design of the panel.

Polymer foam cores are widely used for sandwich panels in building applications. Polymers
have several limitations, however: they creep over time, are combustible, and have a high
cost. As an alternative to polymer foams, we have been considering the possibility of using
cementitious foam cores for sandwich panels. We expect cement foams to creep less than
polymeric ones, to be incombustible and to be less costly. But they are brittle: the focus on our
work has been on the development of composite cement foams with improved tensile properties
for use in structural sandwich panels.

3:35

Design of Fiber Reinforced Brittle and Quasi-Brittle Matrix Composites
for Marine Applications

Dr. Christopher K. Y. Leung, MIT

When brittle and quasi-brittle materials such as concrete, ceramics and polymers (at low
temperatures, e.g., in the Arctic) are used in marine applications, material toughness and
ductility become important concerns. The introduction of fibers in such materials can lead to a
significant increase in toughness, reflected in the improved impact resistance and material
reliability (i.e., lower variability in material strength), and gives rise to pseudo-ductile
behavior that provides ample warning before ultimate failure occurs. With proper material
design to optimize performance/cost, brittle or quasi-brittle matrix composites can be
competitive candidates for many applications in the marine environment.

Design of fiber composites has traditionally followed a 'trial and error' approach. Recent
research work at MIT focuses on the development of micromechanical models that relate the
macroscopic behavior of composites (such as strength and toughness) to the micro-properties
(i.e., properties of fiber, matrix and fiber/matrix interface). Such models, together with
techniques to control micro-properties (e.g. fiber coating to control interfacial behavior), allows
the optimal design of composites for given performance requirements.

After a brief presentation of the theoretical framework of micromechanical modeling, two
examples of the applications of such modelling techniques are described. The first example is
the prediction of crack bridging force in composites arising from brittle fibers including at an
angle to the crack plane. Such a problem is of relevance to random fiber composites as well as
composite laminates with lamina oriented at different angles. Theoretical prediction of

10



bridging force from independently measured micro-properties are found to be in excellent
agreement with experimental results.

The other example involves the prediction of first-cracking strength, reliability and stress-
deformation relations of flexible, short-fiber, reinforced, brittle, matrix composites. From the
analysis, a guideline to 'engineer' micro-properties to design short, random fiber composites
with the desirable features of continuous fiber composites (e.g. high reliability and pseudo-
ductility) can be derived.

4:05
Future Research Needs in Advanced Composites
Open discussion by all participants

October 31

8:30
Offshore Applications and Requirements for Use of Advanced Composites
Dr. Mamdouh M. Salama, Conoco, Inc.

Over the last two decades, technology employed by the offshore petroleum industry has seen
dramatic changes to allow exploration and production in environments that were considered
prohibitive twenty years ago. This technology development, which has revolutionized
offshore petroleum activities, is a result of the conscious effort by the oil industry to replace
depleted oil and gas reserves. The exponential increase in water depth for exploration and
production activities was a major motive for the development of new structural concepts such as
Tension Leg Platforms (TLPs). The combination of structural optimization, weight reduction
and increased water depth made it necessary to consider the application of advanced
composites.

Advanced composites provide very attractive properties for mooring systems, drilling and
production risers, production tubing, flowlines, and top side facilities. Composites offer the
advantage of light weight, corrosion resistance and the ability to tailor their properties to
achieve different stiffness, strengths, Poisson's ratios and coefficients of thermal expansion.
These advantages can be used to optimize the system and, therefore, result in lower system cost
even though the cost of components may be higher than those made of conventional material.
The use of composites for deepwater applications and system design considerations will be
presented. Current research efforts to qualify composite components in offshore structures will
be discussed.

9:15
Polymer Composites in Structures
Professor Thanasis C. Triantafillou, MIT

Fiber reinforced plastic (FRP) composites offer unique advantages for solving many structural
engineering problems in areas where conventional materials do not perform well. Such areas
include, but are not limited to, corrosive envirorenents, structural elements required to have a
high strength/weight ratio, and applications requiring materials with neutral

conductive /magnetic properties.
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Potential applications of FRP in structural engineering include: (a) development of high-strength
lightweight cables in cable-supported bridges, tendons in prestressed elements, and ropes for
mooring offshore platforms; (b} replacement of steel used as reinforcement in concrete structures by
composite rebars, offering corrosion resistance and providing non-conductive/ magnetic fields; (c)
development of lightweight structural components such as framing and bridges; and (d)
strengthening of existing structural members or reinforcing new ones with epoxy-bonded fiber
composite laminates (non-prestressed or prestressed). The presentation will be in the form of an
overview of the use of composites in structural design as well as the work currently in progress at
M.LT. in this area.

9:45
Non-Conventional Profiles of Composites for Structural Applications
Mr. Andrew Green, Composite Technology, Inc.

Performance of composite materials is available but knowledge of their material
characteristics and manufacturing processes is necessary to take advantage of the unique
opportunities that are available with structural composite shapes. For example, elastic
properties of composites can vary by a factor of four and mechanical performance by even
greater factors.

The aerospace industry has been using structural composites for several years. By capitalizing
on the engineering expertise that has been developed within the aerospace industry and
applying it to civil structures it is possible to design non-conventional composite profile shapes
that are competitive with conventional materials in the competitive construction market.

Several examples will be given that demonstrate how non-conventional composite profiles
were made competitive with conventional materials by tailoring the geometry to overcome
stitfness limitations, erection costs, engineering limitations and life cycle costs.

10:30
Composite in Construction Require a Structural Design System
Mr. Richard E. Chambers, Simpson, Grumpertz and Heger, Inc.

The use of composites for significant structural applications in construction was explored in some
detail in the era 1955-1965. Since then, use of composites in such applications has been limited;
the track record has been mixed, frequently due to a lack of understanding of the structural
characteristics of these materials. The recent plethora of research by civil engineers signals a
sigrificant renewed interest in the use of composites in construction. This is perhaps driven, in
part, by the realization that conventional materials have not proven durable in many
significant construction applications.

The purpose of design, and hence the goal and responsibility of the designer is to provide
reasonable probabilities that the structure being designed is safe and fit for its intended service
life. Accordingly, a structural design system (SDS} is required to support the successful
application of existing composites in construction and the implementation of innovations
sternming from current research.

An SDS is a combination of rules and protocols governing design, materials, manufacture,
fabrication, construction and testing that together satisfy requirements for performance and
serviceability, safety, and reliability (durability). While and SDS is available for fiberglass
products in recent ASME boiler and tanks codes, no similar protocol exists for construction
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applications. In contrast, structural design systems are in place for all types of structures and
structural components normally designed and specified by the civil engineer. For example,
longstanding and ever evolving design protocols and codes form the SDS for steel, aluminum,
concrete and wood. These codes and rules (frequently imposed on the construction process by law
in the interest of public safety) are intended to provide reasonable confidence that a viable,
reliable structure will result. These existing structural design systems, while viewed by some
as being overly delimiting to new products in the construction market, in fact offer the designer
enormous flexibility in putting together unique products and structures.

For composites, performance standards and tests are used frequently as a basis for product
acceptance. This is feasible for OEM applications such as automotive parts, or where high and
sophisticated levels of engineering evaluation are available and justified e.g. aerospace
structures. However, the needs are different in construction applications where, for example a
single type of structural member frequently serves multiple functions (e.g. beam, column, or truss
member); this type of multipurpose member cannot be characterized by performance tests and
standards. More generally, the structural designer is unaccustomed, unprepared, and not
compensated for the research necessary to develop or evaluate a structural design based on
performance standards without an SDS,

In sum, a structural design system is needed to guide the engineer in the structural design and
evaluation and specification of composites with the reliability expected for significant
structures.

The approaches to design already in place and accepted for conventional materials are
available as guidance for the development of an SDS for structural composites. Furthermore,
the ASCE Structural Plastics Design Manual provides a perspective and detailed examples
illustrating protocols and concepts appropriate for an SD5. In addition, the recent ASME codes
that represent a significant leap in design-oriented standards for reinforced plastics used in
corrosion-resistant tanks and pressure vessels provide a very useful frame of reference, as do
new standards for structural chimney liners under development with ASTM.

11:00
Economic Evaluation of Composites for Offshore Use
Dr. Frank R. Field, 11, MIT

Evaluation of material alternatives for engineering applications is neither a simple nor a
trivial exercise. Each material offers a unique set of engineering, processing, and economic
characteristics, many of which are intimately interrelated, and none of which can be routinely
eliminated from consideration.

Research at the Materials Systems Laboratory (MSL) focuses upon the development of
accessible, robust decision support tools that can be effectively used to treat the compiex
questions that underlie materials selection and substitution. Pre-eminent among these are
technical cost modeling and decision analysis. The latter techniques are used to assess how
performance and economics are balanced against each other, and are used to establish overall
competitive position. The former, which has a wide range of uses, will be the subject of my
talk.

Technical cost modeling is an extension of engineering process modeling. Essentially, this is a
modeling process wherein, through the systematic application of engineering knowledge,
economic principles, and processing conditions, the costs of manufacturing a wide range of
products can be estimated. Further, this process results in the development of a process- specific
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tool for analysis that can be used to establish not only current operating costs, but also the
econormic implications of changes in processing conditions, manufacturing technology, or product
design. As such, these tools can be used not only to estimate the costs of manufacturing products
composed of competing materials and/or processes, but also to evaluate engineering design
decisions at the so-called "zero-stage.”

While the bulk of MSL studies have focused upon automotive applications, the tools described
have been applied to other markets. To illustrate the utility of the tools and the types of
analyses that can be performed, a simple case study examining a potential composite offshore
structure will be presented. Some conclusions, focusing upon composites processing, will also be
provided.

11:30
Where do we go from here?
Open Discussion by all Participants
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Wang, 5.5. & Roylance, D.K., Dynamit¢ Fracture of Nonlinear Polymeric Fabric Panels, Proceedings of the
International Symposium on Numerical Methods in Fracture Mechanics, Swansea, England, January 1978.

Wium, D.J.W., & Buyukozturk, O., Variability in Long-Term Concrete Deformations, Journal of
Structural Engineering, Vol. lll, No. 8, August, 1985.

The deformation properties of concrete significantly influence the behavior of complex concrete
structures. These properties are subject to large variabilities and it is therefore not possible to
accurately predict the structural response. The sources of these variabilities are first exarnined, and an
example is then presented of the long-term deformation calculations in a multiple span bridge. Finally,
a procedure using the finite element method, is proposed for predicting the variability in the shortening
of the bridge.
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BIOGRAPHIES OF PRESENTERS

Mr. Douglas S. Barno
The Composites Institute of the Society of the Plastics Industry, Inc.

Mr. Barno presently holds a number of positions that, among them is president of GeoPlas Inc., a
start-up company which will begin marketing of a multi-functional filler for thermoplastics,
thermosets and elastomers. Mr. Barno is also a special consultant to the Composites Institute of
the Society of the Plastic Industry, Inc., director of marketing and sales for Isorca Associates,
Inc. and is president and founder of DSB Associates, an international consulting firm
specializing in composites manufacturing. Mr. Barno has extensive experience in composites
marketing and business development through his previous employment in a number of positions
with Owens-Coming Fiberglass, Corp.

Mr. Barno received a B.A. with a major in economics, and a minor in psychology from Ohio
Wesleyan University.

Dr. Dale E. Berner, P.E.
Ben L. Gerwick, Incorporated

Dr. Berner is currently a consulting engineer with the construction engineering firm, Ben C.
Gerwick, Inc. His work has focussed on concrete in the marine environment with numerous
studies conducted for the offshore industry including the preliminary and conceptual design for
offshore gravity-based structures, field inspections and surveys of man-made Arctic islands and
development of reliability and damage acceptability criteria for offshore concrete platforms.
Prior to joining Ben C. Gerwick, Inc., Dr. Berner worked both as a research assistant and
associate instructor in the Civil Engineering Department at the University of California,
Berkeley.

Dr. Berner received his B.5, M.S. and Ph.D. in civil engineering from the University of
California, Berkeley.

Professor Buyukozturk
MIT, Department of Civil Engineering

Professor Buyukozturk joined the MIT faculty in 1976. Prior to MIT, he worked within a variety
of organizations including the Kadikoy College of Engineering, the Turkish Army Engineering
Division, Marc Analysis Research Corporation and Brown University. Over the years,
Professor Buyukozturk has provided consulting services to NASA, Exxon, Babcock & Wilcox,
Westinghouse, Corp., Shimizu and Amoco. Professor Buyukozturk’s current research interests
are in the behavior of fiber-reinforced concrete, the behavior of fiber-reinforced, high-strength
concrete in direct shear, interface fracture behavior of high-strength concrete, and material
and system characterization of refractory ceramic systems.

Professor Buyukozturk received an M.S. in civil engineering from the Istanbul Technical
University and an M.S. and Ph.D. from Cornell University.
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Mr. Richard E. Chambers, P.E.
Simpson, Gumpertz & Heger, Incorporated

Mr. Chamnbers is a principal with the consulting firm Simpson, Gumpertz & Heger, Inc. and
heads up their Materials Technology Division. He serves as a consultant in materials of
construction and structural components with broad experience representing design, testing,
research, failure analysis, repairs and development of structural materials. Mr. Chambers has
worked on such projects as the development of glass fiber reinforced concrete panel design
methods, the evaluation of plastic materials for construction applications and sandwich panel
construction for Arctic conditions.

Mr. Chambers received his S.B. in building engineering and construction and an §.M. in
materials and structures from MIT.

Dr. Frank R, Field Il
MIT, Department of Materials Science and Engineering

Dr. Field is the director of MIT's Materials System Laboratory within the Department of
Materials Science and Engineering. As director, Dr. Field oversees research that addresses the
application of decision analysis and microeconomic principles to problems of materials
selection and usage associated with product manufacture, development and design. In addition
to his work at MIT, Dr. Field has also provided consulting services to a variety of organizations
including E 1. du Pont, Borg-Warner, Exxon, General Motors, U.S, Bureau of Mines and U.S.
Office of Technology Assessment.

Dr. Field received an S.B. in nuclear engineering, an S.M. in nuclear engineering and an .M. in
technology and policy and a Ph.D. in materials systems analysis from MIT.

Professor Lorna |. Gibson, P.E.
MIT, Department of Civil Engineering

Professor Gibson is presently an Associate Professor within MIT's Department of Civil
Engineering. Her current research interests are in the mechanical behavior of cellular
materials, (e.g. honeycombs, foams, cancellous bone and leaves), optimization of sandwich
panel design, and engineering applications of materials science. Professor Gibson has consulted
for a number of organizations including British Petroleum, Merix Corporation, Martin Marietta
and the Jet Propulsion Laboratory.

Professor Gibson received her B.A Sc. in civil engineering from the University of Toronto and
her Ph.D. from the University of Cambridge.

Mr. Andrew Green, P.E.

Composite Technology, Incorporated

Mr. Green is the founder of Composite Technology, a subsidiary of W.R. Grace & Company. At

Composite Technology, inc., Mr. Green has developed structural composite designs for offshore
racing sailboats, automobile chassis, bridges with clear spans greater than 90 feet and a
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proprietary composite structural system for industrial buildings. Previously, Mr. Green was
employed with General Dynamics conducting research and development in the structural
applications of reinforced plastics.

Mr. Green is currently a member of the American Society of Civil Engineers and is chairman of
the AS.C.E. Research Council for Structural Plastics. He holds both a B.S. and M.S. in civil
engineering.

Professor Timothy G. Gutowski
MIT, Department of Mechanical Engineering

Professor Gutowski is an associate professor in the Department of Mechanical Engineering at
MIT and is also director of the MIT Industry Composite and Polymer Processing Program. Prior
to MIT, Professor Gutowski was a senior consultant at Bolt Beranek and Newman, Inc. Professor
Gutowski presently serves on several editorial advisory boards for professional journals in
composites and was recently appointed to be the editor for North America for Composite
Manufacturing.

Professor Gutowski received a B.S. in mathematics from the University of Wisconsin, an M.S. in
theoretical and applied mechanics from the University of Illinois and a Ph.D. in mechanical
engineering from MIT.

Professor Paul Lagace
MIT, Department of Aeronautics & Astronautics

Professor Lagace is an associate professor in the Department of Aeronautics and Astronautics
and is currently the director of MIT's Technology Laboratory for Advanced Composites. In
addition to his teaching responsibilities, Professor Lagace conducts research in the fracture,
longevity and damage tolerances of composite materials and their structures. Specific research
areas addressed include, interlaminar stresses, resultant delamination and suppression
methods of such, impact damage resistance and general damage tolerance of composite
materials and their structures and buckling and postbuckling of composite structures. Professor
Lagace is currently a member of the Materials Working Group Committee on Marine Structures
of the National Research Council and is also chairman of the Sdentific Advisory Board for
American Composite Technology.

Professor Lagace received his 5.B., S.M. and Ph.D. degrees, all in aeronautics and astronautics
from MIT.

Dr. Christopher K.Y. Leung
MIT, Department of Civil Engineering

Dr. Leung is presently a postdoctoral associate within MIT's Department of Civil Engineering.
His current research interests are the experimental investigation and theoretical modeling of
material deformation and failure mechanisms, theoretical and experimental fracture
mechanics of quasi-brittle materials, and the mechanics of composites.

Dr, Leung received his B.S. from the University of Hong Kong, his M.S. from the University of
California, Berkeley and his Ph.D. from MIT.
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Mr. Pierre Odru
Institut Francais du Petrole

Mr. Odru joined the Institut Francais du Petrole (IFP) in 1975 and is presently head of IFP's
marine components testing facilities. Mr. Odru's primary research interests are in the
characterization of new materials for flexible cylinders in deep water applications. Since
1982, Mr. Odru has worked principally on the development of advanced composite tubes and

has also been involved in studies of glass reinforced plastic tubes for firewater systems on
offshore structures.

Mr. Odru received his engineering degree from the Ecole Centrale de Lyon.

Professor David K. Roylance
MIT, Department of Materials Science and Engineering

Professor Roylance is currently an associate professor within the MIT Department of Materials
Science and Engineering. Prior to MIT he was the group leader for the Organic Materials
Laboratory at the Army Materials and Mechanics Research Center. Professor Roylance's
research interests are in polymers and composites engineering with specific interest in the
physics of fracture in oriented polymers, biomedical applications of polymers, environmental
degradation of polymers and composites, and finite element analysis of polymers and
composites.

Professor Roylance received his B.S. and Ph.D. in mechanical engineering from the University
of Utah.

Dr. Mamdouh M. Salama
Conoco Incorporated

Dr. Marndouh M. Salama is a Du Pont Fellow in Conoco's Production Technology. He holds B.5¢
and M.5c. degrees from Egypt, and S.M. and Sc.D. in mechanical engineering from MIT. Dr.
Salama has published more than 40 papers in the areas of materials performance, integrity
assessment, fabrication technology, advanced composites and structural concepts. Dr. Salama
held several management positions including director of the marine and materials section and
then as a director of the materials and corrosion section of Conoco's Production Research. He
also served as Chairman of Conoco’s marine technology steering committee and materials and
corrosion technology steering committee.

Professor Thanasis C. Triantafillou
MIT, Department of Civil Engineering

Since January 1990, Thanasis C. Triantafillou is an assistant professor of Civil Engineering at
the Massachusetts Institute of Technology. In the past, Professor Triantafillou has conducted
both analytical and experimental work on the optimum design of lightweight structural panels
and on modeling the multiaxial behavior of cellular materials. His current primary research
focus is on the development of innovative structural design concepts both for the rehabilitation
of existing structures and for the construction of new ones, using advanced polymer composites in
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combination with more traditional construction materials (e.g. concrete, wood, steel) to
maximize structural performance. Specifically, he is studying the application of fiber
reinforced polymer sheets as external reinforcement of concrete and wood structures, and
optimizing ways of combining pultruded composites with concrete to design better structural
members. Part of his research effort is conducted in collaboration with the Swiss Federal
Laboratories for Materials Testing and Research (EMPA).
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ACCOMMODATIONS*

Cambridge Marriott
2 Cambridge Center
Cambridge, MA 02139
1-800-228-9290
617-494-6600

Royal Sonesta Hotel

5 Cambridge Parkway
Carnbridge, MA 02139
1-800-SONESTA
617-491-3600

Hyvatt Regency
Memorial Drive
Cambridge, MA 02142
1-800-233-1234
617-492-1234

Howard Johnson

777 Memorial Drive
Cambridge, MA 02142
1-800-654-2000
617-492.7777

*Listed in descending order of proximity to symposium location.
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