1.     FRP materials - a draft strategy for a co-ordinated approach. (79971)

        MOSS R M

        Building Research Establishment (BRE)

        BRE output no. 79971

        To be presented as a Discussion Paper at the Composites

        and Plastics in Construction Conference November 1999

        LIMITED ACCESS

        Garston, BRE, 1999, 19pp.

  2.    Advanced polymer composites in construction.

        HALLIWELL S M

        Building Research Establishment (BRE)

        BRE Information Paper IP 7/99

        Garston, BRE, 1999, 8pp.

        The more advanced forms of fibre-reinforced plastics

        (FRP) (often referred to as advanced polymer composites),

        originally designed for aerospace and military

        applications, have superior properties that offer

        potential benefits to the construction industry. Advanced

        polymer composites have a range of applications such as

        sandwich panels, modular units, structural components,

        reinforcing bars, and structural repair and

        strengthening. Deals with various aspects of advanced

        composites focussing on the properties of the materials

        and their uses. (From author abstract)

  3.    Tension-tension axial fatigue of E-glass fiber-reinforced

        polymetric composites: fatigue life diagram.

        DEMERS C E

        Construction and Building Materials, 1998, v.12 no.5,

        p.303-310

        Fibre-reinforced polymetric (FRP) composites have been

        under analytical and experimental investigations for

        approx 40 years in the context of aerospace, marine and

        mechanical applications. Now the use of FRP composites in

        civil engineering applications is steadily increasing.

        For civil engineering structures subject to cyclic

        loading, one important limit state in design is fatigue.

        Thus, a review of the existing data is necessary to

        determine the applicability to civil engineering

        structures. This review will focus on E-glass FRP

        composites under tension-tension axial fatigue with test

        frequency of 5Hz or less, without environmental concerns.

        Test and material parameters, which define the data, are

        identified as R ratio, test frequency, load control,

        specimen shape, type or reinforcement and resin. A

        fatigue life diagram summarising the E-glass FRP

        composite tension-tension axial fatigue data is plotted

        for normalised stress (maximum fatigue stress divided by

        ultimate tensile strength) vs log of fatigue life. This

        plot reveals a lower bound confidence level, regardless

        of test parameter combination, such as reinforcement,

        resin, or R ratio. This lower bound confidence level was

        challenged via laboratory testing of an

        E-glass/vinylester composite in tension-tension axial

        fatigue for R ratios 0.05, 0.1, 0.5 and 0.9, and test

        frequencies 1, 3 and 5 Hz. The laboratory test data

        support the lower bound confidence level. This lower

        bound may be used in designing E-glass FRP composites for

        use in civil engineering structures conservatively

        estimating tension-tension axial fatigue life with test

        frequency 5 Hz or less. This lower bound may be used

        until further studies refine the effects of the

        individual test parameters on fatigue life. (Author

        abstract)

  4.    Flexural capacity of prestressed concrete beams

        reinforced with aramid fiber reinforced polymer (AFRP)

        rectangular tendons.

        SAAFI M, TOUTANJI H

        Construction and Building Materials, 1998, v.12 no.5,

        p.245-249

        The use of fibre reinforced polymer (FRP) composites is

        significantly growing in construction and infrastructure

        applications where durability under harsh environmental

        conditions is of great concern. Aramid fibre composite

        rectangular tendons have potential as reinforcements for

        concrete structures. Recent studies on prestressed

        concrete beams have showed brittle flexural failure due

        to the elastic rupture of the FRPs; however, for the

        maintenance and hazard anticipation of structures, the

        brittle failure mode is undesirable. In order to improve

        the ductility, a series of flexural tests was carried out

        on beams with bonded and/or unbonded rectangular rebars,

        or with additional non-tensioned (regular reinforced)

        rebars. Test results showed that ultimate deformation in

        the beam with unbonded rectangular rebars was 250% that

        of the beam with bonded rectangular rebars, while the

        loading capacity was 85%. The additional placement of

        reinforced rectangular rebars produced a 450% higher

        ultimate deformation. It was found that the ductility was

        significantly enhanced by the use of combination of

        bonded and unbonded rectangular rebars. (Author abstract)

  5.    Bond proporties of carbon fibre composite prestressing

        strands.

        DOMENICO N G, MAHMOUD Z I, RIZKALLA S H

        ACI Structural Journal, 1998, v.95 no.3, p.281-290

        An experimental program was conducted to examine the bond

        characteristics of carbon fibre reinforced plastic

        prestressing strands in pretensioned concrete beams. The

        characteristics are examined through measurements of the

        transfer and development lengths as well as their

        corresponding bond stresses for 12.5mm diameter

        seven-wire carbon fibre composite cables (CFCC) strands.

        Twenty prestressed concrete beams pretensioned by CFCC

        strands were constructed and tested using different shear

        span values. This paper proposes equations are in good

        correlation with the measured values. This information is

        important for the design of concrete structures

        prestressed by CFCC and provides data for the development

        of design consideration and codes for concrete beams

        pretensioned by CFCC strands. (Author abstract)

6.    FRP reinforcement for prestressed concrete structures.

        SOUDKI K A

        Progress in Structural Engineering and Materials, 1998,

        v.1 no.2,p.135-142

        This paper presents the state-of the-art on the use of

        fibre-reinforced polymer (FRP) reinforcement in

        prestressed concrete. A brief introduction to FRP

        composite material is given followed by an overview of

        recent research work on various aspects of FRP

        prestressed concrete structural members. Concepts for

        analysis and design of members prestressed with FRP

        tendons are discussed. Field demonstrations utilising FRP

        prestressed reinforcements, are presented. Finally,

        conclusions are drawn on the feasibility of using FRP

        tendons in prestressed concrete applications. (Author

        abstract)

  7.    Joining of fibre-reinforced polymer composites.

        HUTCHINSON A

        Construction Industry Research and Information

        Association (CIRIA)

        Project Report no. 46

        London, CIRIA, 1997, 182pp.

  8.    A preliminary evaluation of carbon fibre reinforced

        polymer plates for strengthening reinforced concrete

        members.

        GARDEN H N, HOLLAWAY L C, THORNE A M

        Proceedings of the Institution of Civil Engineers;

        Structures and Buildings, 1997, v.122 no.2, p.127-142

  9.    Strengthening of concrete beams using fiber-reinforced

        plastics.

        VARASTEHPOUR H, HAMELIN P
        Materials and Structures, 1997, v.30 no.197, p.160-166

        One application of composite materials in civil

        engineering is examined: the strengthening of a

        reinforced concrete beam in situ by externally-bonded

        fibre-reinforced plastic (FRP). An iterative analytical

        model capable of simulating the bond-slip and the

        material non-linearity, based on the compatability of

        deformations and the equilibrium of forces, is developed

        in order to predict the ultimate forces and deflections.

        A new equation is proposed to anticipate the maximum

        shear and normal stress at the interface goal to

        anticipate the failure mode due to the debonding of the

        plate. Finally, a series of large-scale beams

        strengthening with fibre-reinforced plastic is tested up

        to failure; load-deflection curves are measured and

        compared with the predicted values to study the

        efficiency of the externally-bonded plate and to verify

        the theoretical method. (From author abstract)

  10.   Seismic strengthening of circular bridge pier models with

        fiber composites.

        SAADATMANESH H, EHSANI M R, JIN L

        ACI Structural Journal, 1996, v.93 no.6, p.639-647

        An experimental investigation was conducted to study the

        seismic behaviour of reinforced concrete columns

        strengthened with fibre reinforced plastic (FRP)

        composite straps. Five concrete column-footing

        assemblages were constructed on a 1/5-scale. The

        unidirectional glass fabric straps were impregnated with

        polyester resin and wrapped round the potential plastic

        hinge zone of the columns. An epoxy layer was applied to

        the straps while wrapping for interlaminar bond. All

        specimens were tested under inelastic reversal loading

        while simultaneously subjected to a constant axial load.

        Test results show that the seismic resistance of

        retrofitted concrete columns improves significantly as a

        result of the confining action of the FRP composite

        straps. The straps are highly effective in confining the

        core concrete and preventing the longitudinal reinforcing

        bars from buckling under cyclic loading. (Author

        abstract)

  11.   An introduction to composite materials.   2nd Edition

        HULL D, CLYNE T W

        Cambridge, University Press, 1996, 326pp.

        This book provides scientists and engineers with a

        comprehensive understanding of composite materials.

        Topics covered include: the properties of fibres,

        matrices, laminates and interfaces; elastic deformation,

        stress and strain, strength, fatigue crack propagation

        and creep resistance; and deterioration under

        environmental conditions. (From author abstract)

  12.   Thermal performance evaluation of a prefabricated

        fiber-reinforced plastic building envelope system.

        ABDOU O A, MURALI K, MORSI A

        Energy and Buildings, 1996, v.24 no.1, p.77-83

        Fibre-reinforced plastic (FRP) materials are extensively

        used in building construction, primarily due to their

        superior structural performance characteristics.

        Recently, a prefabricated, interlocking fibreglass

        composite panel system has been adopted for use in the

        construction of building envelope systems. Two full-scale

        1.2 x 1.2 m FRP panels were tested. Two conditions were

        simulated; 'dry joint' which includes only mechanical

        interlocking at the joints, and 'sealed joint' in which

        the joints were sealed with a commercially available

        sealant. The R values of the tested panels were

        approximately 5% to 46% higher in the sealed-joint

        condition. The relatively high R value of the 75 mm panel

        system (2.0 sq m.K/W) is encouraging, and makes this

        envelope system a potential candidate for wider use in

        energy-conscious commercial buildings. (From author

        abstract)

  13.   Impulsive punching of fiber-reinforced concrete slabs.

        GAMBAROVA P G, SCHUMM C

        Reprint from ASCE Structures Congress '94, Atlanta,

        Georgia, April 24-28, 1994

        1994

        The behaviour of FRC slabs reinforced with polymeric

        fibres (polyacrylonitrile fibres PAN) and subjected to

        impulsive punching is analysed in order to clarify to

        what extent the fibres affect the toughness of the

        composite and the collapse of the slabs. The results

        presented here (49 tests) show that the fibre content can

        markedly modify the strength and the collapse mechanism,

        with no major variations in the total energy dissipated

        during the cracking process, which is characterised by

        the formation of a truncated cone accompanied by several

        radial cracks. (Author abstract)

  14.   Recent developments in annual growth lignocellulosics as

        reinforcing fillers in thermoplastics.

        JACOBSON R E, CAULFIELD D F, ROWELL M, ET AL

        Forest Products Laboratory (FPL), University of

        Wisconsin-Madison

        Reprint from: Proceedings of 2nd Biomass Conference of

        the Americas: Energy, Environment, Agriculture, and

        Industry, 21-24 August 1995, Portland, Or., p.1171-1180

        Madison, WI, FPL, 1995, 9pp.

        The use of lignocellulosic fibres (eg kenaf, jute, etc)

        as reinforcing fillers in plastics has generated

        significant interest in recent years. The use of

        lignocellulosic fibres permit the use of high volume

        fillings due to their lower densities and non-abrasive

        properties, and therefore reduces the use of plastics in

        a product. The specific tensile end flexural moduli of a

        50% by volume of kenaf-polypropylene (PP) composite

        compares favourably with a 40% by weight of glass

        fibre-PP injection moulded composite and are superior to

        typical calcium carbonate- or talc-based PP composites.

        Results indicate that annual growth lignocellulosic

        wastes and fibres are viable reinforcing fillers as long

        as the right processing conditions and aids are used, and

        for applications where the higher water absorption of the

        agricultural fibre composite is not critical. (From

        author abstract)

  15.   Toughening of short fibre reinforced xonotlite composites

        by multiple cracking.

        HASHIDA T, TSUTAMORI M, TAKAHASHI H, ET AL

        Inorganic Materials, 1996, v.3 no.262, p.203-211

        This paper presents the experimental results of an

        attempt at developing xonotlite composites reinforced

        with polymeric short fibres. The composite parameters

        examined were fibre volume fraction, fibre dimensions,

        matrix properties and interface shear strength. Their

        effects on the strength and fracture energy of the

        composites were studied using five types of polymeric

        fibres. Low-temperature-plasma treatment and glass

        coating were employed to modify interface properties. It

        is demonstrated that multiple cracking is useful to

        create pseudo-strain hardening behaviour and to enhance

        both the strength and fracture energy. The maximum

        strength and fracture energy of the composite are shown

        to be higher than those of the plain matrix by factors of

        about 10 to 650, respectively. Based on the experimental

        results, a design for pseudo-strain hardening induced by

        multiple cracking is proposed. (From English summary)

  16.   Effect of microsilica and acrylic polymer treatment on

        the ageing of GRC.

        BARTOS P J M, ZHU W
        Cement and Concrete Composites, 1996, v.18 no.1, p.31-39

        Microsilica and acrylic polymer dispersions were used for

        different types of fibre treatments and matrix

        modifications. The fibre treatment was found to be more

        effective in controlling the interfacial changes and

        properties of the aged composites, compared with the

        matrix modification. The relative effectiveness of the

        different fibre treatments, however, depended greatly on

        the bundle size of the fibre reinforcement used. A new

        technique based on a unique micro-indentation apparatus

        was developed and used to carry out micro-strength

        testing in the fibre-matrix interfacial zone and

        particularly within the fibre bundle. Results suggested

        that a soft/flexible fibre bundle core combined with a

        strong bonding at the fibre-matrix interface was

        desirable for the optimal improvement of the long term

        performance of the composites. (From author abstract)

  17.   Mechanical behaviour of cementitious matrix composites.

        MAGALHAES A G, MARQUES A T, OLIVEIRA F M F, ET AL

        Cement and Concrete Composites, 1996, v.18 no.1, p.9-22

        This paper presents experimental work on the fatigue,

        impact and creep behaviour of cement matrix composites

        produced in the context of a project to develop a

        composite with improved ageing characteristics. The

        experimental techniques used and equipment specifically

        designed for some of the tests are described. The

        performance of the materials tested, after 28 days and

        after artificial ageing in water for 84 days at 50 deg C

        is presented and discussed. (Author abstract)

  18.   Load-bearing behaviour of grouting systems for a carbon

        fiber composite cable.

        NOISTERNIG J F, MAIER M

        Beton- und Stahlbetonbau, 1996, v.91 no.4, p.90-93

        For the development of anchoring systems for

        fibre-reinforced polymer (FRP) elements, it is necessary

        to consider the material behaviour, especially the low

        transverse compressive and shear strength. With the help

        of a previously established table of requirements,

        including those for mounting on site, different anchoring

        systems for a carbon fibre composite cable have been

        developed and one system was selected. The loadbearing

        behaviour of this system was investigated and optimised

        using experimental tests under static load and

        calculations. The numerical analysis were performed using

        the finite element method and the results were compared

        with experiment. (From English summary)

  19.   Recycling of FRP as a cementitious composite.

        YAMADA K, MIHASHI H

        Disposal and Recycling of Organic and Polymeric

        Construction Materials. Proceedings of the International

        RILEM Workshop, Tokyo, 26-28 March 1995, p.157-167

        Three composites including 9.1%, 13.3% and 22.8% of FRP

        were extruded to rectangular (15mm x 40mm) specimens.

        Extrudability, bulk density, flexural strength, modulus

        of elasticity, and absorbed energy of specimens were

        examined. After bending tests, the fracture surface was

        observed by SEM and porosity was measured.

        Autoclave-cured specimens incorporating FRP powder do not

        show any increase in flexural strength, but water-cured

        specimens containing 9.1% of FRP powder show excellent

        strength. (From author abstract)

  20.   Morphological and flexural properties of lightweight

        gypsum based fiber reinforced composites.

        JORILLO P A, SUZUKI T

        Journal of Ferrocement, 1995, v.25 no.4, p.313-330

        This paper describes the results of the experimental

        investigations of the properties of lightweight

        gypsum-based fibre-reinforced composites. Two general

        types of fibre reinforcement were examined: polymeric

        fibres (vinylon or polypropylene) and natural fibres

        (coconut or sisal). The study is essentially

        developmental research with the objective of evaluating

        the properties of natural fibres in comparison with

        synthetic fibres of the same density in a gypsum matrix.

        A gypsum-cellulose pulp and a gypsum-Shirasu balloon sand

        were used as lightweight gypsum matrices. Experimental

        and analytical results on both standard specimens and

        full scale structural elements such as wall panels are

        presented. (From author abstract)

  21.   Ceramic fibers and fibrous composite materials.

        RAUCH H W, SUTTON W H, MCCREIGHT L R

        General Electric Company (Pennsylvania) - Space Sciences

        Laboratory, GEC

        New York, Academic Press, 1968.

  22.   Fracture simulation for cement mortar reinforced by FRP

        on the surface.

        ZAKO M, TSUJIKAMI T

        Journal of the Society of Materials Science of Japan,

        1995, v.44 no.498, p.327-331

        A computer program simulating the fracture of cement

        mortar reinforced by carbon fibre reinforced plastic or

        aramid fibre reinforced plastic has been developed in

        this paper. In order to evaluate the computational

        results, three point bending tests on mortar beams were

        carried out. The cement mortar beams whose surface is

        reinforced by FRP sheets are superior in strength to

        those of cement mortar only. The computational results

        agree well with the experimental results. (From English

        summary)

  23.   Behaviour of connections in frames of

        fibre-reinforced-polymer section.

        BASS A J, MOTTRAM J T

        Structural Engineer, 6 September 1994, v.72 no.17,

        p.280-285

        Five tests on frame subassemblies have been conducted to

        study the behaviour of flange cleated connections made of

        fibre-reinforced polymer section. Full-size

        beam-to-column members jointed by bolting and bonding

        were tested to failure. All members were made by the

        pultrusion process. Test results are used to provide

        recommendations for future development of connections and

        to show that semi-rigid pultruded frames can carry

        increased beam loadings. (Author abstract)

  24.   Modeling the stress-strain response of continuous fiber

        reinforced cement composites.

        OHNO S, HANNANT D J

        ACI Materials Journal, 1994, v.91 no.3, p.306-312

        This paper describes a theoretical model of stress

        transfer between polypropylene fibrillated fibres and the

        matrix in fibre cement composites. The model is based on

        microscopic observations of the tensile fracture process

        which demonstrate that slip occurs within the polymer due

        to shear stress during multiple cracking, as well as the

        fibre-matrix interface. Therefore, the proposed model

        allows for frictional stress transfer at two different

        interfaces, i.e., the matrix-fibre interface and the

        polymer slip surface within the fibres. The tensile

        stress-strain curve predicted by this model has two

        different slopes in the multiple-cracking region, i.e., a

        horizontal part and a rising stress part. Also, the

        predictions of this model provide reasonable agreement

        with the experimental results of fibrillated

        polypropylene fibre cement composites. (Author abstract)

  25.   Smart skins and crying walls.

        MCDONALD J A

        Reinforced Plastics, 1994, v.38 no.7/8, p.66-68;70

        Discusses the use of smart materials containing optical

        fibre sensors in buildings and civil engineering

        structures.

  26.   Microstructure of fibre mortar composites under fire

        impact - effect of polypropylene and polyacrylonitrile

        fibres.

        RAIVIO P, SARVARANTA L

        Cement and Concrete Research, 1994, v.24 no.5, p.896-906

        Two polymer fibre types (PP and PAN) and different

        microstructural methods were used to compare the porosity

        of fibre martar composites and the effect of rapid

        thermal exposure on the fibre structure. Polished thin

        sections were prepared from fibreless reference mortar

        and fibre mortar samples before and after fire impact.

        Polarising light microscopy indicates increased air void

        porosity in the fibre mortars. Polarising light

        microscopy and scanning electron microscopy reveal that

        PP and PAN fibres react entirely differently to heat. PP

        fibres melt, whereas PAN fibres become dark in

        appearance, presumably due to chemical transformations,

        and exhibit a zoned structure at the outer part of the

        fibre. A transition zone program shows that porosity

        detected by backscattered electron images is higher at

        the fibre/matrix contact zone than in the bulk matrix.

        Fire impact broadens this porosity region at the contact

        zone. On the whole, the porosity level at the contact

        zone seems to be higher in the PAN than in the PP fibre

        mortar. (Author abstract)

  27.   Effects of a size in bundled fibers on the interfacial

        zone between the fibers and the cement paste matrix.

        IGARASHI S, KAWAMURA M

        Cement and Concrete Research, 1994, v.24 no.4, p.695-703

        The effects of polymer used as size for bundled fibres in

        cementitious composites were revealed by investigating

        the changes in the microstructural features of the

        interfacial zone between the bundled fibres and the

        cement paste matrix. Microstructures characterised by

        microhardness measurements were related to the flexural

        behaviour of glass and carbon fibre reinforced cement

        prisms. Comparing the interfacial zone formed around

        sized glass fibres with that around size-free fibres, the

        sizes were found to affect the microstructure of the

        interfacial zone. The influence of size depends on its

        type. One size raised the microhardness of the

        interfacial zone, whilst another kept it soft. These

        differences in the microstructure of the interfacial zone

        between different sizes were reflected in the flexural

        behaviour of fibre reinforced cement prisms. (From author

        abstract)

  28.   Polymer modified glass fibre reinforced gypsum.

        BIJEN J, VAN DER PLAS C

        High Performance Fiber Reinforced Cement Composites

        ACI/RILEM Proceedings 15, p.100-114

        The material consists of a matrix of gypsum and a

        thermosetting resin which is reinforced by glass fibres.

        A typical mixture consists of 49% m/m alpha-hemihydrate

        gypsum, 22% m/m polymer, 12% glass fibre and 17% water.

        The glass fibre bundles are well bonded to the matrix due

        to the polymer. In tensile failure a part of the fibres

        fractures while for another part matrix failure occurs

        through shearing. The main features of the material are

        high tensile strength and good weatherability. The latter

        allows outdoor applications whereas traditional

        applications of gypsum are inside buildings. Typical

        characteristics are a modulus of rupture of 75 N/sq mm, a

        tensile strength of 30 N/sq mm and a strain capacity of

        1.8%. Other interesting properties are a high impact

        resistance and good performance in ballistic tests.

        Results of tests regarding creep, fatigue, thermal and

        moisture movement, and durability are presented. (From

        author abstract)

  29.   A phenomenological design equation for FRP columns with

        interaction between local and global buckling.

        BARBERO E, TOMBLIN J

        Thin-Walled Structures, 1994, v.18 no.2, p.117-131

        A design equation for fibre reinforced plastic columns is

        presented, based on the interaction between local

        (flange) and global (Euler) buckling observed during

        testing of FRP columns. An existing interaction equation

        is adapted to account for the modes of failure observed

        in columns made of fibre reinforced composite materials.

        Experimental data generated during this investigation are

        presented and used to validate the interaction equation

        and to obtain the interaction constant. A slenderness

        ratio is proposed and used to present a plot of buckling

        for all sections and column lengths (short, long, and

        intermediate). An expression for the optimum column

        length to be used in the experimental determination of

        the interaction constant is proposed. (From author

        abstract) (21 refs)

  30.   Strengthening of concrete structures with prestressed

        fiber reinforced plastic sheets
        TRIANTAFILLOU T C, DESKOVIC N, DEURING M

        ACI Structural Journal, May-June 1992, v89(3), 235-244

        The authors establish a new method of strengthening

        and/or reinforcing concrete structures involving external

        bonding of pretensioned FRP sheets on their tension

        zones. An analytical model for the maximum achievable

        prestress developed in an earlier study is summarised and

        verified with tests; a remarkable agreement between

        theory and experiment was found. Additional studies, both

        analytical and experimental, on the flexural behaviour of

        concrete beams reinforced with prestressed FRP sheets

        demonstrate the superior performance of the hybrid system

        and emphasize its favourable strength, stiffness and

        ductility characteristics. (From author abstract) (33

        refs)

  31.   Carbon fiber-reinforced polymers: modern materials in

        bridge engineering.

        MEIER U

        Structural Engineering International, 1992, v2(1), 7-12

        This paper discusses the large variety of modern

        materials recently employed or soon to find application

        in bridge construction. The paper focuses on the use of

        fibrous composites. It gives an overview of the

        state-of-the-art for these materials and the example of

        carbon fibre-reinforced epoxies is used to illustrate

        developments that can be expected in the near and

        intermediate future. (From author abstract) (27 refs)

  32.   Contribution to the knowledge of the behaviour of

        glass-reinforced cement. Study of GRC composites made

        with a polymer-cement matrix and E and A glass fibres.

        JAKES E, CHANDELLIER J

        CSTB Cahiers, 1992, Livraison 327, Cahier 2564, 58pp.

        The principal aim of this work is to determine the most

        favourable curing conditions based on the results of

        bending tests. The tests showed that for type 2 GRC (E

        glass fibres), oven drying should make it possible to

        cure in three days at 20 deg C and 50% RH. For type 3 GRC

        (A glass fibres) an increase in polymer emulsion content

        to 10% together with oven drying for 15 hours at 40 deg C

        makes it possible to cure in three days at 20 deg C and

        50 % RH. Curing at 35 deg C and 80% RH does not seem to

        provide any significant advantage. (From English summary)

  33.   Polymer-modified glass fibre reinforced gypsum.

        BIJEN J, VAN DER PLAS C

        Materials and Structures, 1992, v25(146), 107-114

        Glass fibre reinforced gypsum, modified by addition of

        specially selected and developed thermosetting polymers,

        is the basis of a new composite material. An

        investigation has been performed into its mechanical

        properties such as bending strength, tensile strength and

        long-term performance under constant load and fatigue

        load. The influence of moisture and temperature on

        mechanical properties has been determined. The

        equilibrium moisture content at various relative

        humidities, the moisture content under natural weathering

        conditions, the coefficient of linear expansion and the

        microstructure have been studied. Furthermore, the

        durability has been investigated under accelerated ageing

        conditions and outdoor exposure. The results have shown

        that the polymer-modified glass fibre reinforced gypsum

        has good mechanical properties under tension and, unlike

        unmodified gypsum, is resistant to the Western European

        climate. (From author abstract)

  34.   Properties of sisal - CNSL composites.

        BISANDA E T N, ANSELL M P

        Journal of Materials Science, 1992, v.27 no.6,

        p.1690-1700

        Cashew nut shell liquid (CNSL) is a natural monomer blend

        that has been condensation polymerised with formaldehyde

        in the presence of an alkaline catalyst to produce a

        thermosetting resin. Plain woven mats of mercerised sisal

        fibre have been impregnated with CNSL-formaldehyde resin

        to produce plain and corrugated laminated composites that

        have a mean tensile strength of 24.5 MPa and Young's

        modulus of 8.8 GPa. Bending tests have demonstrated that

        the corrugated composites have adequate strength for

        roofing applications. Dynamic mechanical thermal analysis

        has been used to assess the effect of simulated sunlight

        on composites as a function of time. After long

        irradiation times it has been deduced that the resin

        component of the composite undergoes further

        cross-linking whilst the reinforcing cellulosic sisal

        fibres suffer some degradation. (Author abstract)

  35.   SOUND EMISSION ANALYSIS ON SHORT GLASS FIBRE 
REINFORCED

          THERMOPLASTICS.

          TILGNER R, BEDNARZ J KUNSTSTOFFE,

 
1976, 66 (6), 12-13, 360-362; (IN ENGLISH

        
AND GERMAN).

        
TWO SOUND EMISSION REGIONS ARE OBSERVED 
CORRESPONDING TO DELAMINATION OF THE FIBRES AND FIBRE 
FRACTURE REINFORCED PLASTICS. COMPOSITE MATERIALS, 
THERMOPLASTICS, POLYAMIDES, POLYCARBONATES, LOADING 
TESTS, SOUND LEVEL, FRACTURING

  36.   SOME MECHANICAL PROPERTIES OF POLYMER MODIFIED 
PORTLAND

        
CEMENT SHEETS WITH AND WITHOUT GLASS-FIBRE 
REINFORCEMENT.

        
ALLEN H G, CHANNER R S
        POLYMERS IN CONCRETE, PROC. 1ST. INTERNATIONAL CONGRESS

        ON POLYMER CONCRETES,

        5-7TH MAY 1975; CONSTRUCTION PRESS, HORNBY, 1976, 282-9.

        THE INCLUSION OF AN ACRYLIC POLYMER EMULSION IN A GLASS

        FIBRE REINFORCED CEMENT MIX PRODUCES A COMPOSITE WITH AN IMPROVED TENSILE STRENGTH AND ULTIMATE TENSILE STRAIN.

        COMPRESSIVE STRENGTH WAS SOMEWHAT REDUCED BUT REMAINED

        SATISFACTORY. THE MODULUS OF ELASTICITY WAS 
CONSIDERABLY

        REDUCED, AND THERE WAS AN INCREASED TENDENCY TO CREEP.

        THERE WAS ALSO SOME EVIDENCE THAT THE ADDITION OF THE

        POLYMER GAVE SOME PROTECTION TO E-GLASS REINFORCEMENT.

  37.   THE DYNAMIC NOTCH TOUGHNESS OF FIBRE COMPOSITES. 1:

        PRELIMINARY REPORT ON THE TEST MACHINE AND METHOD. 2:

        SOME FACTORS AFFECTING THE DYNAMIC NOTCH TOUGHNESS OF

        FIBRE COMPOSITES.

        BUTCHER B R  COMPOSITES, 1976, 7 (1), 12-16; (2), 81-87.

        A TEST MACHINE WAS DEVELOPED FOR APPLYING AN IMPACT TO A

        REINFORCED PLASTIC SPECIMEN UNDER TENSILE STRESS. THE

        RUNNING CRACK PRODUCED BY THE IMPACT HAD A MORE 
SERIOUS EFFECT ON STRENGTH THAN A STATIC CRACK. TESTS 
WERE CARRIED OUT ON SIX DIFFERENT COMPOSITES AND 
TENTATIVE EXPLANATIONS ARE SUGGESTED FOR THE VARIATION 
IN THE RESULTS.

  38.   THEORETICAL MODEL FOR THE ELASTIC BEHAVIOUR OF 
COMPOSITES REINFORCED WITH SHORT FIBERS.

        GHESQUIERE A, BAUWENS J C

        J. OF APPLIED POLYMER SCIENCE, 1976, v20 (4), 891-901.

        THE EXPERIMENTAL ELASTICITY OF A COMPOSITE MATERIAL

        ALWAYS FALLS BETWEEN THOSE PREDICTED BY THE REUSS

        (UNIFORM STRESS) AND THE VOIGT (UNIFORM STRAIN) MODELS. A

        METHOD IS DEVELOPED FOR EVALUATING THE TENSORS LINKING

        ACTUAL STRESS AND STRAIN IN THE MATRIX WITH THOSE IN THE

        FIBRES AS A FUNCTION OF FIBRE LENGTH DIAMETER,

        ORIENTATION, AND INTERFACE. THEORETICAL VALUES OF 
YOUNG'S MODULUS CALCULATED IN THIS WAY ARE IN GOOD 
AGREEMENT WITH EXPERIMENT.

  39.  THE EFFECT OF CLAMPING PRESSURE ON BOLT BEARING LOADS 
IN GLASS FIBRE-REINFORCED PLASTICS.

        STOCKDALE J,H, MATTHEWS F L COMPOSITES, 1976, 7 (1), 34-38.

        BOLT BEARING FAILURE MODES IN FIBRE-REINFORCED COMPOSITE

        MATERIALS ARE A MIXTURE OF COMPRESSIVE AND DELAMINATION

        FAILURE AT THE BOLT HOLE. THE CURRENT WORK SHOWS THAT IN

        GRP WITH A 0/90 C LAY-UP, THE CLAMPING EFFECT OF THE BOLT

        PREVENTS THE DELAMINATION WITH CONSEQUENT INCREASE IN

        FAILURE LOAD. -AUTHOR ABSTRACT.

  40.   THE EFFECT OF ENVIRONMENTAL LOADING HISTORY ON THE

        TRANSVERSE STRENGTH OF GRP LAMINATE.

        ISHAI O, MAZOR A J. 


OF COMPOSITE MATERIALS, 1975, 9 (4), 370-9.

        LOADED TRANSVERSE GLASS-REINFORCED EPOXY SPECIMENS 
AND EPOXY REFERENCES WERE EXPOSED TO DIFFERENT 
ENVIRONMENTAL CONDITIONS. TENSILE STRENGTH 
MEASUREMENTS, CONDUCTED UNDER EXPOSURE AND AFTER A 
DRYING PERIOD, SHOWED THAT CURRENT AND RESIDUAL 
TRANSVERSE STRENGTH WAS NOT AFFECTED

        MUCH BY COLD-WATER AND HOT DRY AIR DURING A SHORT 
PERIOD. UNDER HOT-WATER EXPOSURE, TRANSVERSE STRENGTH 
SHOWED A SIGNIFICANT DROP WITH TIME, ESPECIALLY BEYOND 2 
DAYS AND ABOVE 25% OF THE PRELOAD LEVEL. EARLIER STUDIES 
SUGGEST THAT THE TRANSVERSE-STRENGTH DEGRADATION OF 
GRP SPECIMENS IS ATTRIBUTABLE TO ATTACK BY WATER 
MOLECULES ON THE GLASS FIBRE SURFACES AND THE FIBRE-
MATRIX INTERFACIAL BONDS.

        THIS PROCESS IS TRIGGERED AND ACCELERATED BY HEAT AND

        EXTERNAL LOADING. -FROM AUTHOR ABSTRACT.

  41.   PROGRESSIVE NATURE OF FATIGUE DAMAGE OF GLASS FIBER

        REINFORCED PLASTICS.

        TANIMOTO T, AMIJIMA S J. 


OF COMPOSITE MATERIALS, 1975, 9 (4), 380-90.

        THE PROGRESSIVE NATURE OF FATIGUE DAMAGE DUE TO CYCLIC

        LOADING ON GLASS FIBRE REINFORCED PLASTICS WAS STUDIED.

        THE RESIDUAL STRENGTH OF THE SPECIMENS SUBJECTED TO

        FLUCTUATING TENSION WITH A GIVEN NUMBER OF CYCLES WAS

        MEASURED, AND THE NUMBER OF CRACKS DEVELOPED IN THE

        SAMPLES WERE COUNTED BY MEANS OF A MICROSCOPE. FROM 
THE TEST RESULTS, THE PROGRESSION OF FATIGUE DAMAGE IN 
THE COMPOSITE MATERIALS CAN BE DIVIDED INTO THREE STAGES.

        -FROM AUTHOR ABSTRACT.

  42.   EFFECT OF CRACK TIP DAMAGE ON FRACTURE OF RANDOM FIBRE

        COMPOSITES.

        GAGGAR S K, BROUTMAN L J

        MATERIALS SCIENCE AND ENGINEERING, 1975, 21 (2), 177-83.

        DAMAGE AT THE TIP OF A NOTCH IN A RANDOM GLASS FIBRE

        REINFORCED EPOXY RESIN WAS OBSERVED AND APPEARED TO

        INITIATE AT APPROXIMATELY 65% OF THE FRACTURE LOAD. THE

        DAMAGE ZONE INCREASED WITH INCREASING LOAD. AN EFFECTIVE

        CRACK LENGTH CORRESPONDING TO THE DAMAGE ZONE WAS

        DETERMINED USING A COMPLIANCE CALIBRATION TECHNIQUE.

        PRE-NOTCHED SPECIMENS WERE SUBJECTED TO CONSTANT 
LOAD, AND THE EFFECTIVE CRACK LENGTH INCREASE 
DETERMINED BY MEASURING CRACK MOUTH DISPLACEMENTS OR 
COMPLIANCE CHANGES. IT IS SHOWN THAT FRACTURE OCCURS 
WHEN A CRITICAL VALUE OF THE STRESS INTENSITY FACTOR IS 
REACHED. -FROM AUTHOR ABSTRACT.

  43.   FRACTURE MECHANISMS IN GLASS-REINFORCED PLASTICS.

        HARRIS B, MORLEY J,PHILLIPS D C J. 


OF MATERIALS SCIENCE, 1975, v10(12), 2050-61.

        MODEL GLASS FIBRE/POLYESTER RESIN COMPOSITES HAVE BEEN

        MADE IN THE FORM OF DOUBLE CANTILEVER BEAMS AND THE

        EFFECT OF A SMALL NUMBER OF FIBRES ON QUASI-STATIC CRACK

        PROPAGATION HAS BEEN STUDIED BY SIMULTANEOUS PLOTTING 
OF LOAD/DEFLECTION CURVES, MEASUREMENTS OF CRACK 
LENGTH, AND OBSERVATION OF THE PROGRESS OF FIBRE/RESIN 
DEBONDING AND FIBRE PULL-OUT. AGREEMENT BETWEEN 
EXPERIMENTAL AND CALCULATED FRACTURE ENERGIES FOR 
THESE MODEL COMPOSITES IS NOT HIGHLY SATISFACTORY, BUT IT 
SEEMS CLEAR THAT THE FRACTURE ENERGY OF GRP IS LIKELY TO 
BE DETERMINED VERY LARGELY BY WORK DONE AGAINST 
FRICTION BETWEEN FIBRES AND MATRIX AFTER THE DEBONDING 
PROCESS HAS OCCURRED. THIS CONCLUSION OPPOSES THE 
CURRENTLY-HELD VIEW WHICH ATTRIBUTES THE LARGE GAMMA-F 
VALUES OF GRP TO THE FIBRE/RESIN DEBONDING MECHANISM. -
FROM AUTHOR ABSTRACT.

  44.   THE EXTENSION OF CRACK TIP DAMAGE ZONES IN FIBER

        REINFORCED PLASTIC LAMINATES.

        MANDELL J F, WANG S S,MCGARRY F J J. 


OF COMPOSITE MATERIALS, 1975, v9 (2), 266-87.

        THE SIZE AND CHARACTER OF THE DAMAGE ZONE AT THE TIP OF

        SHARP NOTCHES IN FIBRE REINFORCED PLASTICS LAMINATES 
HAVE BEEN INVESTIGATED. THE VARIABLES STUDIED WERE THE 
STRESS INTENSITY FACTOR, SPECIMEN SIZE, LAMINATE 
THICKNESS, PLY THICKNESS, PLY ORIENTATION, AND FIBRE 
PROPERTIES. THE DAMAGE ZONE CONSISTS OF SUBCRACKS 
PARALLEL TO THE FIBRES OF EACH PLY, IN SOME CASES 
ACCOMPANIED BY DELAMINATION BETWEEN PLIES. THE DAMAGE 
ZONE IS FOUND TO INCREASE IN EXTENT APPROXIMATELY IN 
PROPORTION TO THE SQUARE OF THE STRESS INTENSITY FACTOR 
UP TO FRACTURE FOR NOTCH-SENSITIVE LAMINATES. FOR NOTCH-
INSENSITIVE LAMINATES, A POINT IS REACHED WHERE THE ZONE 
SPREADS RAPIDLY ACROSS THE ENTIRE SPECIMEN PRIOR TO 
FRACTURE. A STRONG DEPENDENCE OF DAMAGE ZONE SIZE AND 
FRACTURE TOUGHNESS ON PLY THICKNESS, FIBRE ORIENTATION, 
AND FIBRE PROPERTIES IS DEMONSTRATED AND DISCUSSED. -
AUTHOR ABSTRACT.

  45.   RECENT DISCOVERIES IN THE FIELD OF ANTISTATIC POLYESTER

        RESINS FOR USE IN GLASS FIBRE-REINFORCED PLASTICS.

        SOOS L, SOOS I S MUANYAG ES GUMI, 


1975, 12 (1), 15FF; (TRANSLATED IN

        INTERNATIONAL POLYMER

        SCIENCE AND TECHNOLOGY, 1975, 2 (5), T/61-T/63).

        TRANSPARENT GRP SHEETS USED FOR ROOF LIGHTS AND 
CUPOLAS ARE SUBJECT NOT ONLY TO WEATHERING BUT TO RAPID 
LOSS OF TRANSPARENCY DUE TO DUST ACCUMULATION. A 
PROCESS HAS BEEN DEVELOPED FOR MODIFYING UNSATURATED 
POLYESTERS WITH POLYETHERS TO PRODUCE AN ANTISTATIC 
GRP PRODUCT. THE LONG TERM EFFECTS ON TRANSPARENCY 
HAVE NOT YET BEEN DETERMINED.

  46.   CRACK GROWTH RESISTANCE OF RANDOM FIBER COMPOSITES.

        GAGGAR S, BROUTMAN L J J.

OF COMPOSITE MATERIALS, 1975, 9 (2), 216-27.

        CRACK GROWTH RESISTANCE OF A RANDOM GLASS FIBRE 
COMPOSITE HAS BEEN STUDIED BY APPLYING THE CONCEPTS

        OF-LINEAR-ELASTIC FRACTURE MECHANICS. THE CRACK GROWTH

        RESISTANCE CURVES (R-CURVES) FOR EPOXY AND POLYESTER

        COMPOSITES HAVE BEEN DEVELOPED TO STUDY THE TOTAL

        FRACTURE BEHAVIOUR OF THESE COMPOSITES. IT IS SHOWN THAT

        THE R-CURVE APPROACH IS SUITABLE FOR THIS TYPE OF

        MATERIAL. AN ATTEMPT HAS BEEN MADE TO USE THE 
INFORMATION FROM THE R-CURVES TO PREDICT THE FRACTURE 
STRENGTH OF PLATE SPECIMENS WITH A HOLE AT THE CENTRE 
AND SUBJECTED TO TENSILE LOADING. -AUTHOR ABSTRACT.

  47.   POLYMERIC MATERIALS FOR FLEXIBLE ENVELOPES.

        ERMOLOV V V

        PLASTICHESKIE MASSY, 1974, (11), 24FF; (TRANSLATED IN

        INTERNATIONAL POLYMER

        SCIENCE AND TECHNOLOGY, 1975, 2 (3), T34-T36).

        THE USE OF REINFORCED PLASTIC FILMS IN INFLATABLE

        STRUCTURES IS SURVEYED. THE MATERIALS CAN BE USED FOR

        SIMPLE INFLATED STRUCTURES, NON-PRESSURIZED STRUCTURES

        BUILT OF RIGID INFLATED PANELS, AND TENT STRUCTURES

        SUPPORTED ON INFLATED ARCHES. THE REINFORCEMENT IS

        GENERALLY A SYNTHETIC TEXTILE FABRIC AND THE MATRIX PVC.

  48.   FRACTURE TOUGHNESS AND MECHANICAL PROPERTIES OF 
GLASS FIBRE-EPOXY COMPOSITES.

        GERSHON B, MAROM G

        J. OF MATERIALS SCIENCE, 1975, 10 (9), 1549-56.

        FRACTURE PROPERTIES AND VARIOUS MECHANICAL PROPERTIES

        WERE INVESTIGATED FOR A SET OF UNIDIRECTIONAL GLASS

        FIBRE-EPOXY RESIN COMPOSITES COMPRISING SAMPLES WITH

        VOLUME FRACTION OF FIBRES IN THE RANGE 0.29 TO 0.75. AN

        IDENTICAL SET OF COMPOSITES WAS BOILED IN WATER FOR 7

        DAYS AND THE EFFECT OF THIS TREATMENT ON THE ABOVE

        PROPERTIES WAS EXAMINED. THE WORK OF FRACTURE (GAMMA-F)

        AND THE FRACTURE SURFACE ENERGY OF INITIATION (GAMMA-I)

        RESULTS WERE COMPARED WITH EXISTING THEORETICAL MODELS

        FOR THE PREDICTION OF FRACTURE TOUGHNESS. IT WAS

        DISCOVERED THAT THE GAMMA-F RESULTS AGREED WITH THE

        PULL-OUT MODEL, SUGGESTING THAT THIS WAS THE MAJOR

        CONTRIBUTION TO THE FRACTURE ENERGY OF THE COMPLETE

        PROCESS. THE GAMMA-I VALUES CORRESPONDED GENERALLY 
WITH THE SURFACES FORMATION MODEL, SUGGESTING THAT THE

        CREATION OF NEW FIBRE MATRIX AND FIBRE-MATRIX SURFACES

        CONTROLS THE STAGE OF FRACTURE INITIATION. -FROM AUTHOR

        ABSTRACT.

  49.   INVESTIGATIONS INTO ADHESION IN A MODEL SYSTEM FOR GRP.

        BAGDA E  KUNSTSTOFFE, 1975, 65 (7), 12-14, 417-20.

        TO EXAMINE THE EFFECT OF SILANES ON BOND STRENGTH 
BETWEEN RESIN AND GLASS IN GRP MATERIALS, MODEL 
SPECIMENS WERE PREPARED FOR DETERMINING BY 
PHOTOELASTIC STUDIES THE STRESS DISTRIBUTION ON THE 
GLASS/RESIN INTERFACE, AS WELL AS THE FAILURE STRESS. 
SILANES APPLIED TO THE GLASS SURFACE AS ADHESION 
PROMOTORS IMPROVE BOND STRENGTH, BUT THE EXTENT TO 
WHICH THIS OCCURS DEPENDS ON THE DRYING

        CONDITIONS OF THE SILANE COATED GLASS STRUCTURES. IF

        SILANE IS ADDED TO THE RESIN, NO FURTHER IMPROVEMENT IN

        GLASS/RESIN BOND STRENGTH IS OBSERVED. THE ATTAINABLE

        BOND STRENGTH DEPENDS UPON THE TYPE OF SILANE AND 
METHOD OF APPLICATION. -FROM AUTHOR ABSTRACT.

  50.   ACOUSTIC EMISSION DURING CYCLIC LOADING OF

        CARBON-FIBRE-REINFORCED PLASTICS.

        FUWA M, HARRIS B,BUNSELL A R
        J. PHYSICS &. APPLIED PHYSICS, 1975, 8 (13), 1460-71.

        ACOUSTIC EMISSION DETECTION HAS BEEN USED TO STUDY THE

        DAMAGE OCCURRING IN UNIDIRECTIONAL

        CARBON-FIBRE-REINFORCED PLASTICS (CFRP) DURING CYCLIC

        LOADING AND STRESS RELAXATION AT HIGH STRESS LEVELS. THE

        RESULTS SUGGEST THAT TRUE FATIGUE PROCESSES DO NOT 
OCCUR IN CFRP AND THAT THE DAMAGE SUSTAINED DURING 
CYCLING IS OF THE SAME KIND AS THAT WHICH OCCURS IN 
ORDINARY TENSILE LOADING. AS A RESULT EITHER OF MANY 
REVERSALS OF LOAD OR OF HOLDING A SAMPLE AT CONSTANT 
LOAD, THE RATE OF EMISSION OF STRESS WAVES ASSOCIATED 
WITH FIBRE FRACTURES DIMINISHES WITH TIME UNTIL THE 
SAMPLE BECOMES SILENT. A SAMPLE IN THIS STATE IS 
RELATIVELY SAFE FROM FURTHER DAMAGE, AND A PROCEDURE 
OF PROOF TESTING BASED UPON THIS RESULT IS SUGGESTED. -
AUTHOR ABSTRACT.

  51. NON-DESTRUCTIVE DETERMINATION OF GLASS AND VOIDS 
CONTENT IN GLASS FIBRE REINFORCED PLASTICS.

        HOFER G, GAYER P

        MATERIALPRUFUNG, 1975, 17 (1), 17-19; (IN GERMAN).

        A METHOD IS DESCRIBED FOR THE DETERMINATION OF GLASS

        RESIN AND VOIDS CONTENT IN GLASS REINFORCED PLASTICS BY

        THE DIFFERENTIAL ABSORPTION OF HIGH AND LOW ENERGY 
GAMMA RAYS. GLASS CONTENT CAN BE DETERMINED TO WITHIN 
PLUS OR MINUS 0.015 VOL % AND VOIDS CONTENT TO WITHIN PLUS 
OR MINUS 0.02 VOL %. FOR AN AVERAGE COMPOSITE CONTAINING

        ABOUT 15 % GLASS FIBRES, THE RELATIVE ERROR IN GLASS

        CONTENT DETERMINATION IS PLUS OR MINUS 10 %. BUT THE

        RELATIVE ERROR IN VOIDS CONTENT MAY BE AS HIGH AS 100 %,

        RENDERING THIS METHOD UNSUITABLE FOR THE MEASUREMENT 
OF POROSITY.

  52.   NEW RESEARCH ON LIGHTWEIGHT COLLOIDAL CONCRETE.

        VENUAT M, TRAN-THANH-PHAT M
        REVUE DES MATERIAUX DE CONSTRUCTION, 1975, (693), 99-106.

        DESCRIBES THE COMPOSITION OF LIGHTWEIGHT COLLOIDAL

        CONCRETE MADE WITH 0.3 % (BY CEMENT WEIGHT) OF A COLLOID

        BASED ON METHYL CELLULOSE, AND THE PHYSICAL AND

        MECHANICAL PROPERTIES OF THE PRODUCT. THE 
INCORPORATION OF LIGHTWEIGHT AGGREGATES OR FIBRES IS 
DISCUSSED.

  53. EARLY DETECTION OF DAMAGE TO STRUCTURAL COMPONENTS 
USING HOLOGRAPHIC INTERFERENCE METHODS.

        WACHUTKA H, FRITECH W,GRUNEWALD K

        MATERIALPRUFUNG, 1975, 17 (7), 223-4; (IN GERMAN).

        THE APPLICATION OF HOLOGRAPHIC INTERFEROMETRY TO THE

        DETECTION OF DAMAGE IN FIBRE-REINFORCED AND LAMINATED

        MATERIALS IS CONSIDERED.

  54. STRUCTURAL PROPERTIES OF GRP.

        HOLMES M, AL-KHAYATT Q J

        COMPOSITES, 1975, 6 (4), 157-65.

        TENSILE, COMPRESSIVE, FLEXURAL, AND SHEAR PROPERTIES

        (STRENGTH, MODULUS, AND FAILURE MODE) ARE LISTED FOR GRP

        LAMINATES OF DIFFERENT FIBRE ORIENTATIONS. STRESS-STRAIN

        CURVES WERE FOUND TO BE LINEAR ALTHOUGH THE TENSILE

        CURVES FOR CROSS-PLY AND MULTIDIRECTIONAL LAMINATES AND

        FOR UNIDIRECTIONAL LAMINATES STRESSED LONGITUDINALLY

        SHOWED AN ABRUPT CHANGE OF SLOPE. TENSILE AND 
COMPRESSIVE STRENGTH WERE IN REASONABLE AGREEMENT 
WITH THEORY.

        INTERLAMINAR SHEAR STRENGTH SHOWED LITTLE VARIATION 
WITH FIBRE CONTENT, BUT WAS STRONGLY AFFECTED BY VOID 
CONTENT AS WAS THE COMPRESSIVE STRENGTH. FLEXURAL 
PROPERTIES VARIED WITH FIBRE CONTENT.

  55.   Flame-resistance of plastic wall panels.

        KULAGIN A YA
        Plasticheskie Massy, 1974, (11), 65- ; (Translated in

        International Polymer Science and Technology, 1975, 2

        (2), T/77-T/79).

        A test method is described for assessment of the

        flammability group of foam plastic laminates and for

        determining the suitability of plastics constructions for

        curtain walling in buildings of flammability groups 2 and

        3. (From author abstract)

  56. STRENGTH AND ELASTIC MODULUS OF A RANDOMLY-
DISTRIBUTED SHORT FIBER COMPOSITE.

        KNIGHT M, HAHN H T

        J. OF COMPOSITE MATERIALS, 1975, 9 (1), 77-90.

        EXPERIMENTAL RESULTS FOR TESTS OF STRENGTH AND ELASTIC

        MODULUS OF A RANDOMLY-DISTRIBUTED SHORT FIBRE 
COMPOSITE ARE REPORTED. THREE DIFFERENT TESTS WERE 
EMPLOYED:

        TENSION, 3-POINT FLEXURE, AND 4-POINT FLEXURE. A

        STATISTICAL APPROACH BASED ON WEIBULL DISTRIBUTION WAS

        APPLIED TO ACCOUNT FOR THE DIFFERENCE BETWEEN TENSILE 
AND FLEXURAL TEST RESULTS. MATERIAL VARIATION, AS 
EXHIBITED IN THE EXPERIMENTAL SCATTER FOR ELASTIC 
MODULUS, AND ITS EFFECT ON STRENGTH WERE SHOWN NOT TO 
BE NEGLIGIBLE. TEST RESULTS ALSO SHOWED WIDER 
EXPERIMENTAL SCATTER THAN OBSERVED WITH CONTINUOUS 
FIBRE COMPOSITES. -FROM AUTHOR ABSTRACT.

  57.   VOIDING IN GLASS FIBRE REINFORCED THERMOPLASTICS

        MOULDINGS.

        DARLINGTON M W, SMITH G R
        POLYMER, 1975, 16 (6), 459-462.

        THIN REINFORCED THERMOPLASTICS MOULDINGS WERE FOUND 
TO CONTAIN A WHITE CENTRAL ZONE. SCANNING ELECTRON

        MICROGRAPHS OF SECTIONS FROM 3MM AND 6MM EDGE-GATED 
DISCS MADE OF GLASS REINFORCED POLYPROPYLENE SHOWED 
THE PRESENCE OF NUMEROUS VOIDS; THOSE IN THE 6MM DISC 
WERE VISIBLE THROUGH AN OPTICAL MICROSCOPE. NO 
WHITENING WAS OBSERVED IN 3MM GLASS FIBRE REINFORCED 
NYLON MOULDINGS AND A 12MM NYLON IMPACT TEST BAR 
SHOWED LESS EXTENSIVE WHITENING THAN A POLYPROPYLENE 
MOULDING OF SIMILAR THICKNESS ALTHOUGH THE EXTENT OF 
VOIDING WAS GREATER. IT 

        IS SUGGESTED THAT WHITE CENTRAL ZONES IN GLASS FIBRE

        REINFORCED THERMOPLASTIC INJECTION MOULDINGS ARE 
ALWAYS DUE TO VOID FORMATION AND THAT THE WHITENESS IS 
DUE TO CRAZING WHICH PRECEDES VOIDING.

  58.   EXPERIMENTAL STUDIES ON INTERFACIAL SHEAR STRENGTH IN

        GLASS FIBRE REINFORCED PLASTICS SYSTEMS.

        BANDYOPADYHAY S, MURTHY P N

        MATERIALS SCIENCE AND ENGINEERING, 1975, 19 (1), 139-45.

        E-GLASS FIBRE/POLYESTER RESIN INTERFACIAL SHEAR STRENGTH

        HAS BEEN DETERMINED BY A PULLOUT METHOD USING A MULTIPLE

        FIBRE MODEL THAT IS REALISTIC AND HAS NO FIBRE TIP STRESS

        SINGULARITIES. IT IS FOUND THAT THERE IS AN INACTIVE CORE

        IN THE FIBRE BUNDLE WHICH IS NOT PARTICIPATING IN THE

        LOAD DIFFUSION. THE BOND SHEAR STRENGTH IS THEREFORE

        ESTIMATED ON THE BASIS OF TWO IDEALISED MODELS OF THE

        FIBRE BUNDLE, ASSUMING THAT THE EMBEDDED CROSS SECTION 
IS RECTANGULAR, WHICH IS LARGELY CONFIRMED BY 
EXPERIMENT.

        THE OUTER FIBRE SINGLE ROW MODEL GIVES THE MAXIMUM 
SHEAR STRENGTH WHICH IS HIGHER THAN THE SINGLE FIBRE 
STRENGTH DETERMINED BY OTHER INVESTIGATORS. THE TWO-
ROW MODEL GIVES A LOWER STRENGTH WHICH IS OF THE SAME 
ORDER AS THE SINGLE FIBRE STRENGTH. A PRELIMINARY STUDY 
ON THE EFFECT OF CYCLIC LOADING ON BOND STRENGTH OF A 
MULTIFIBRE MODEL HAS ALSO BEEN MADE. IT IS FOUND THAT 
THERE IS A SIGNIFICANT DECREASE IN THE BOND STRENGTH WITH 
INCREASE IN THE NUMBER OF LOADING CYCLES. -AUTHOR 
ABSTRACT.

  59.   THE INFLUENCE OF THE INTERFACE ON THE FRACTURE 
TOUGHNESS OF LOW ASPECT RATIO FIBRE COMPOSITES.

        MALLICK P K, BROUTMAN L J

        FIBRE SCIENCE AND TECHNOLOGY, 1975, 8 (2), 113-44.

        THE FRACTURE TOUGHNESS OF AN EPOXY RESIN REINFORCED 
WITH DISCONTINUOUS GLASS FIBRES OF LOW FIBRE ASPECT 
RATIO WAS MEASURED BY DOUBLE CANTILEVER CLEAVAGE TESTS 
AND NOTCHED BEND TESTS. THE FIBRE-MATRIX INTERFACIAL 
ADHESION WAS VARIED BY APPLYING DIFFERENT SURFACE 
TREATMENTS TO THE FIBRES. IT WAS OBSERVED THAT THE 
INTERFACIAL BOND STRENGTH DETERMINES WHETHER THE 
CRACK INITIATES BY DEBONDING AT THE FIBRE-MATRIX 
INTERFACE OR BY FIBRE FAILURE, AND ALSO THE RELATIVE 
VALUES OF THE ENERGIES ABSORBED DURING THESE 
PROCESSES. THE INTERFACIAL BOND STRENGTH ALSO CONTROLS 
THE ENERGY ABSORBED DUE TO FIBRE PULL-OUT. WHEN ALL 
THESE ENERGIES ARE ACCOUNTED FOR IT IS SHOWN THAT A 
WEAK INTERFACIAL BOND MAY PRODUCE A COMPOSITE WITH A 
FRACTURE TOUGHNESS HIGHER THAN THAT WHICH CAN BE 
OBTAINED BY STRONG INTERFACIAL BONDS.

        -AUTHOR ABSTRACT.

  60.   INTERMITTENT BONDING FOR HIGH TOUGHNESS/HIGH STRENGTH

        COMPOSITES. ATKINS A G J. OF MATERIALS SCIENCE, 1975, 10 (5), 
819-32.

        THE HIGH TENSILE STRENGTH CHARACTERISTIC OF STRONG

        INTERFACIAL FILAMENT/MATRIX BONDING CAN BE COMBINED WITH

        THE HIGH FRACTURE TOUGHNESS OF WEAK INTERFACIAL 
BONDING WHEN THE FILAMENTS ARE ARRANGED TO HAVE 
ALTERNATE SECTIONS OF HIGH AND LOW SHEAR STRESS. SUCH 
WEAK AND STRONG AREAS CAN BE ACHIEVED BY APPROPRIATE 
INTERMITTENT COATING OF THE FIBRES. THE STRONG REGIONS 
ENSURE THAT THE FILAMENT STRENGTH IS PICKED UP. WEAK 
AREAS RANDOMLY IN THE PATH OF RUNNING CRACKS SERVE TO 
BLUNT THEM BY THE COOK/GORDON MECHANISM WHICH 
PRODUCES LONG PULL-OUT LENGTHS WITH AN ASSOCIATED 
LARGE CONTRIBUTION TO TOUGHNESS. BORON-EPOXY 
COMPOSITES OF VOLUME FRACTION 0.20 TO 0.25 MADE IN THIS 
WAY HAVE FRACTURE TOUGHNESSES OF OVER 200 KJ/SQ.M. 
WHILST RETAINING RULE OF MIXTURES

        TENSILE STRENGTHS (650 MN/SQ.M.). THE EFFECT OF VARYING

        THE COATING PARAMETERS IS CONSIDERED; THE CHOICE OF

        COATING MATERIAL IS CRUCIAL IN OBTAINING THE DESIRED

        EFFECT. -FROM AUTHOR ABSTRACT.

  61.   FRACTURE IN ORIENTED SHORT FIBRE-REINFORCED

        THERMOPLASTICS.

        BLUMENTRITT B F, VU B T,COOPER S L
        COMPOSITES, 1975, v6(3), 105-14.

        FRACTURE MECHANISMS IN A SERIES OF SHORT FIBRE-
REINFORCED THERMOPLASTICS MADE WITH CONTROLLED FIBRE 
ORIENTATION WERE INVESTIGATED. THE MATRIX MATERIALS USED 
RANGED FROM VERY DUCTILE TO BRITTLE, AND THE FIBRES FROM 
TOUGH, RELATIVELY LOW MODULUS ORGANIC FIBRES TO HIGH 
MODULUS GRAPHITE. EXAMINATION OF FRACTURE SURFACES 
USING ELECTRON MICROSCOPY SHOWED THAT EVEN WHEN FIBRE 
LENGTH GREATLY EXCEEDED THE CRITICAL LENGTH, THESE 
COMPOSITES FRACTURED BY FIBRES PULLING OUT OF THE MATRIX 
WITH LITTLE FIBRE FRACTURE. CRACKS INITIATED AT MISALIGNED 
FIBRES, FIBRE ENDS, OR OTHER FLAWS TENDED TO PROPAGATE 
THROUGH THE MATRIX OR ALONG THE FIBRE/MATRIX INTERFACE, 
DEPENDING UPON THE FIBRE-TO-MATRIX ADHESION. -AUTHOR 
ABSTRACT.

  62.   THE EFFECT OF THE FIBRE CRITICAL LENGTH ON THE THERMAL

        EXPANSION OF COMPOSITE MATERIALS.

        MAROM G, WEINBERG A

        J. OF MATERIALS SCIENCE, 1975, v10(6), 1005-10.

        BOTH LONGITUDINAL AND TRANSVERSE THERMAL EXPANSION OF

        UNIDIRECTIONAL COMPOSITE MATERIALS DEPEND ON THE LENGTH

        OF THE FIBRE. IT IS SUGGESTED THAT THIS DEPENDENCE IS

        THROUGH AN EFFICIENCY FACTOR K, GENERALLY USED FOR

        DESCRIBING THE EFFECTIVENESS OF THE REINFORCEMENT AS

        SHOWN BY MECHANICAL PROPERTIES SUCH AS MODULUS AND

        STRENGTH. K ITSELF IS DETERMINED BY THE RATIO OF THE

        FIBRE CRITICAL LENGTH TO THE FIBRE LENGTH. THE PROPOSED

        THEORY IS COMPARED WITH EXPERIMENTAL RESULTS OBTAINED 
FOR SAMPLES CONTAINING CONTINUOUS SHORT FIBRES. THE 
LENGTH OF THE FIBRES WAS VARIED BY ALTERING THE SIZE OF 
THE TEST SPECIMENS. THE LENGTH OF THE FIBRE SIGNIFICANTLY 
AFFECTS THE VALUE OF THE THERMAL EXPANSION COEFFICIENTS. 
AN AVERAGE CRITICAL LENGTH VALUE CALCULATED FROM THE

        EXPERIMENTAL RESULTS IS IN CLOSE AGREEMENT WITH ONE 
FOUND BY OTHER INVESTIGATORS FROM TENSILE STRENGTH 
TESTING. IT IS SUGGESTED THAT THE EXPERIMENTAL PROCEDURE 
MAY PROVIDE A USEFUL TOOL FOR ASSESSING THE FIBRE 
CRITICAL LENGTH.

        -FROM AUTHOR ABSTRACT.

  63.   FRACTURE TOUGHNESS OF GLASS FIBRE-REINFORCED (HIGH

        ALUMINA) CEMENT.

        PATTERSON W A, CHAN H C

        COMPOSITES, 1975, 6 (3), 102-4.

        THE FRACTURE TOUGHNESS OF AN E-GLASS FIBRE-REINFORCED

        HIGH ALUMINA CEMENT WAS EVALUATED USING THE FRACTURE

        ENERGY APPROACH. CRACK LINE LOADED SINGLE-EDGE-CRACK

        SPECIMENS UNDER MONOTONICALLY INCREASED DISPLACEMENT 
WERE TESTED, AND THE RESULTS FROM QUASI-STATIC CRACK

        PROPAGATION USED AS THE BASIS FOR CALCULATING THE

        TOUGHNESS OF THE MATERIAL. IT WAS FOUND THAT THE

        COMPOSITE CURED IN AIR HAS A FRACTURE TOUGHNESS OF

        APPROXIMATELY THIRTY TIMES THAT OF ASBESTOS CEMENT AND

        APPROACHING THAT OF GLASS, FIBRE-REINFORCED PLASTICS.

        -FROM AUTHOR ABSTRACT.

64. SILANE COUPLING AGENTS IN FIBREGLASS REINFORCED 
PLASTICS.  VENKATESWARAN R, VENUGOPAL C H

        J. OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 1974, 33 (4),

        188-94.

        THE MECHANISM OF GLASS-RESIN MATRIX BONDING AND THE 
ROLE OF COUPLING AGENTS IN IMPROVING THIS BOND BY 
CHEMICAL BOND FORMATION WITH BOTH GLASS AND THE RESIN 
ARE DESCRIBED. A BRIEF DESCRIPTION OF THE TECHNIQUES OF

        APPLICATION OF SILANE FINISHES IS GIVEN. THE COUPLING OF

        Y-AMINO PROPYL TRIETHOXY SILANE IS ILLUSTRATED BY A CASE

        STUDY AND THE REACTIONS INVOLVED IN ITS SYNTHESIS ARE

        DISCUSSED. -FROM INDIAN SCIENCE ABSTRACTS. REINFORCED

        PLASTICS, BONDING, FIBROUS REINFORCEMENT, COMPOSITE

        MATERIALS, SILICONES

  65.   THE EFFECT OF RESIN CONTENT ON THE MECHANICAL 
PROPERTIES

        OF GLASS-REINFORCED POLYESTER LAMINATES.

        RAYMOND J A

        PROC. BRITISH PLASTICS FEDERATION REINFORCED PLASTICS

        GROUP CONGRESS,

        BRIGHTON, 12-14 NOVEMBER, 1974, 61-73.

        INCREASING THE RESIN: MAT RATIO OF GLASS FIBRE REINFORCED

        LAMINATES FROM 1.7:1 TO 3.6:1 INCREASES THE STIFFNESS OF

        THE LAMINATE BOTH IN BEND AND IN TENSION WHILE DECREASING

        THE BENDING AND TENSILE MODULI.THE ANOMALY ARISES 
BECAUSE LAMINATES CONTAINING MORE RESIN ARE THICKER. THE

        INCREASED THICKNESS ALSO IMPROVES THE BENDING STRENGTH,

        BUT TENSILE STRENGTH IS NOT MUCH AFFECTED EXCEPT 
BETWEEN RESIN: MAT RATIOS OF 1.85:1 AND 2.4:1 WHERE THERE 
IS SOME IMPROVEMENT WITH AN OPTIMUM AT 2.2:1. IT IS 
SUGGESTED THAT MATERIAL PROPERTIES SUCH AS MODULUS ARE 
OF LIMITED VALUE IN DETERMINING THE CHARACTERISTICS OF A 
LAMINATE.

        COMPOSITION, MECHANICAL PROPERTIES, POLYESTERS,

        REINFORCED PLASTICS, COMPOSITE MATERIALS, LAMINATED

        PRODUCTS, FIBROUS REINFORCEMENT, ELASTICITY, LOADING

        TESTS, TENSILE STRESSES, BENDING STRESSES, DIMENSIONS,

        TENSILE STRENGTH, BENDING STRENGTH

  66.   Fatigue properties of laminated glass fiber composite

        materials.

        TANINOTO T, AMIJIMA S

        Proc. 29th Soc. Plastics Industry, Inc., Reinforced

        Plastics/Composites Division. Annual Conference,

        Washington, 5-8 February, 1974; New York, 1974, 17B,

        p.1-10

        The fatigue properties of glass fibre reinforced plastics

        are studied from the viewpoint of strength and fracture

        mechanism. The materials used are two kinds of GRP

        laminate consisting of the same matric and different

        types of reinforcement: satin woven and plain woven glass

        fabrics. Sufficient data have been obtained to produce

        master diagrams for both types of laminate having various

        glass contents. Two empirical methods have been developed

        to represent the relationship between fatigue limit and

        mean stress taking the effect of environmental

        temperature into account. The residual static strength of

        the specimens subjected to fluctuating tension with a

        given number of cycles was measured and the number of

        cracks was counted under a microscope for different

        numbers of cycles. The progression of fatigue damage in

        the composite materials is considered to be divided into

        three stages. (From author abstract) Fatigue, laminated

        products, measuring, reinforced plastics, composite

        materials, tensile strength, fibrous reinforcement,

        cyclic effects, cracks, composition, polyesters,

        stresses, residual effects, glass fibres

  67.   RP/C structures in building wall applications.

        GREEN R H

        Proc. 29th Soc. Plastics Industry Inc., Reinforced
        Plastics/Composites Div. Annual Conference, Washington,

        5-8 February, 1974. New York, 1974, 7D, 1-8

        Two unique fibre reinforced plastic (FRP) wall structures

        were designed for commercial building applications.

        Emphasis was upon the design's special features and

        economic value. Two different design approaches, those of

        sandwich construction and thin shell construction, were

        applied to functionally different types of plant: one a

        three storey office building in Atlanta, Georgia, and the

        other, a food processing plant in Orlando, Florida.

        Special considerations had to be given to architectural

        aesthetics, manufacturing techniques, construction and

        installation. The ensuing cost savings due to the use of

        FRP are related to the total building concept. Success in

        these projects indicates broad new applications for fibre

        reinforced plastics. (From author abstract) Reinforced

        plastics, composite materials, fibrous reinforcement,

        walls, panels, dimensional coordination, structural

        design, fire prevention, materials costs, office

        buildings

  68.   THE WEATHERING OF AN RP/C ROOF STRUCTURE.

        BENJAMIN B S

        PROC. 29TH SOC. PLASTICS INDUSTRY, INC., REINFORCED

        PLASTICS/COMPOSITES DIV.

        ANNUAL CONFERENCE, WASHINGTON, 5-8 FEBRUARY, 1974; NEW

        YORK, 1974, 7C, 1-6

        A FULL SCALE PROTOTYPE, FOLDED PLATE CONICAL DOME, 
SINGLE SKIN, ROOF STRUCTURE WAS BUILT OVER AN AREA OF 200 
SQ.

        FT. THE ROOF STRUCTURE WAS THEN ALLOWED TO WEATHER 
UNDER NATURAL CONDITIONS OVER A PERIOD OF 3-1/2 YEARS. 
DURING THIS TIME, CHANGES IN COLOUR AND SURFACE 
DETERIORATION DUE TO WEATHERING WERE NOTED AND 
PHOTOGRAPHED. THE STRUCTURE WAS THEN CUT UP AND 
SPECIMENS OF WEATHERED AND UNWEATHERED SAMPLES WERE 
TESTED TO DETERMINE THE LOSS IN STRENGTH SUFFERED BY 
THE MATERIAL DUE TO WEATHERING. THE WEATHERED SAMPLES 
WERE ALSO PHOTOGRAPHED THROUGH A MICROSCOPE TO STUDY 
CHANGES WITHIN THE BODY OF THE LAMINATE. RESULTS ARE 
ANALYSED AND CONCLUSIONS DRAWN.

        WEATHERING EFFECTS, REINFORCED PLASTICS, COMPOSITE

        MATERIALS, FIBROUS REINFORCEMENT, ROOFS, DURABILITY,

        POLYESTERS, FINITE ELEMENT METHODS, TENSILE STRENGTH,

        ELASTICITY, ROOFING MATERIALS

  69.   FRP means performance in construction.

        TRAMPENAU R H, EVANS T R

        Proc. 29th Soc. Plastics Industry, Inc., Reinforced

        Plastics/Composites Div. Annual Conference, Washington,

        5-8 February, 1974. New York, 1974, 7B, 1-4.

        The use of fire retardant fibre reinforced plastics (FRP)

        in many construction applications is studied. Recent

        resin developments in the areas of smoke generation are

        revealed. A series of case histories describing the

        successful use of fire retardant FRP in construction

        applications is presented. An examination of the

        development and testing required to achieve success with

        an FRP product, including full scale, end-use testing, is

        also included. (Author abstract) Reinforced plastics,

        composite materials, fibrous reinforcement, fire

        retarding materials, polyesters, smokes, bromine

        compounds, claddings, panels, fire resistance, measuring

  70.   Major breakthrough in low cost plastic housing using jute

        reinforced poltesters: the Care/Winfield/Bangladesh

        house.

        WINFIELD A G, WINFIELD B L

        Proc. 29th Soc. Plastics Industry, Inc., Reinforced

        Plastics/Composites Div. Annual Conference, Washington,

        5-8 February, 1974; New York, 1974, 7A, 1-11.

        A low cost house was designed for use under cyclonic

        conditions in Bangladesh. The experimental prototype was

        constructed of jute-reinforced polyester with a 0.010 in

        exterior layer of glass-reinforced polyester and was in

        the form of two monocoques with a dividing partition.

        Construction techniques are described. After successful

        cyclonic testing a second prototype was developed with a

        more conventional panelled structure. Tests are still

        being carried out on weathering, water absorption,

        thermal conductivity, burning and design failures. Low

        cost housing, Bangladesh, developing countries,

        reinforced plastics, composite materials, fibrous

        reinforcement, organic materials, storms, polyesters,

        architestural design, artificial rain, panels, weathering

        effects, heat conduction

  71.   LONG TERM BEHAVIOUR OF RP/C LAMINATES AT TEMPERATURE

        CHANGES AND SIMULTANEOUS MECHANICAL LOAD.

        MENGES G, BRINTRUP H

        PROC. 29TH SOC. PLASTICS INDUSTRY, INC., REINFORCED

        PLASTICS/COMPOSITES

        DIVISION ANNUAL CONFERENCE, WASHINGTON, 5-8 FEBRUARY,

        1974; NEW YORK, 1974,

        21D, 1-8.

        TEN SPECIMENS OF GRP MAT LAMINATES WERE EXPOSED FOR 400

        HOURS TO CYCLIC TEMPERATURE CHANGES AND SIMULTANEOUS

        TENSILE LOADS. EVALUATION SHOWED THAT THE 'THEORY OF

        CONSOLIDATION' EARLIER APPLIED TO METALS IS ALSO VALID

        FOR PLASTICS. ACCORDING TO THIS, THE CREEP RATE DEPENDS

        ONLY ON THE INSTANTANEOUS TEMPERATURE AND THE STRAIN 
AND NOT ON HOW THE STRAIN IS PRODUCED. ON THIS 
ASSUMPTION THE FINAL STRAIN CAN BE DETERMINED 
GRAPHICALLY GIVEN THE ISOTHERMAL CREEP CURVES AT THE 
RELEVANT TEMPERATURES OR THE ISOCHRONOUS STRESS-
STRAIN DIAGRAM. THERMAL EXPANSION IS NOT CONSIDERED IN 
THIS SOLUTION AND THE THERMAL EXPANSION COEFFICIENTS 
WERE DETERMINED SEPARATELY TO COMPUTE THE OVERALL 
DEFORMATION. -FROM AUTHOR ABSTRACT.

        REINFORCED PLASTICS, COMPOSITE MATERIALS, LAMINATED

        PRODUCTS, TEMPERATURE EFFECTS, POLYESTERS, TENSILE

        STRESSES, CREEP, DEFORMATION, THERMAL EXPANSION, CYCLIC

        EFFECTS, MICROCRACKS, GRAPHICAL CALCULATION, FIBROUS

        REINFORCEMENT, LOADING TESTS, LONG-TERM EFFECTS

  72.   ENGINEERING ASPECTS OF FRACTURE TOUGHNESS: FIBRE

        REINFORCED LAMINATES.

        MANDELL J F, MCGARRY F J,KASHIHARA R,ET AL
        PROC. 29TH SOC. PLASTICS INDUSTRY, INC., REINFORCED

        PLASTICS/COMPOSITES

        DIVISION ANNUAL CONFERENCE, WASHINGTON, 5-8 FEBRUARY,

        1974; NEW YORK, 1974,

        17D, 1-11.

        THE RESULTS OF AN EXPERIMENTAL INVESTIGATION INTO THE

        VARIABLES WHICH AFFECT THE FRACTURE TOUGHNESS OF 
SEVERAL COMMON VARIETIES OF FIBRE REINFORCED PLASTICS 
ARE DISCUSSED. THE FUNDAMENTAL MECHANISM BY WHICH 
COMPOSITES OF THE TYPE INVESTIGATED RESIST CRACK 
EXTENSION IS BY THE GROWTH OF SUBCRACKS WHICH BLUNT THE 
MAIN CRACK TIP AND REDUCE THE CONCENTRATION OF STRESS. 
THIS MECHANISM RESULTS IN AN INHERENTLY BLUNT CRACK TIP 
WHICH MAY PRECLUDE THE MEANINGFUL APPLICATION OF 
CLASSICAL LINEAR ELASTIC FRACTURE MECHANICS: AN 
ALTERNATIVE FRACTURE CRITERION BASED UPON A MORE 
ACCEPTABLE GENERALIZED STRESS CONCENTRATION CONCEPT 
S SUGGESTED. THE FRACTURE TOUGHNESS IS FOUND TO 
NCREASE WITH DECREASING TEMPERATURE AND INCREASING 
TRAIN RATE, BUT IS INSENSITIVE TO LAMINATE THICKNESS IN 
MANY CASES. WHILE THE LAMINATE FRACTURE TOUGHNESS IS 
STRONGLY INFLUENCED BY FIBRE ORIENTATION, FIBRE VOLUME 
FRACTION, AND PLY STACKING ARRANGEMENT, THE PROPERTIES 
OF THE MATRIX MATERIAL HAVE LITTLE EFFECT. -AUTHOR 
ABSTRACT.

        FRACTURING, TOUGHNESS, LAMINATED PRODUCTS, REINFORCED

        PLASTICS, COMPOSITE MATERIALS, FIBROUS REINFORCEMENT,

        EPOXY RESINS, POLYESTERS, CRACK PROPAGATION, 
TEMPERATURE EFFECTS, DEFORMATION, COMPOSITION

  73.   THE INFLUENCE OF THE INTERFACE ON THE FRACTURE 
TOUGHNESS

        OF LOW ASPECT RATIO FIBER COMPOSITES.

        MALLICK P K, BROUTMAN L J

        PROC. 29TH SOC. PLASTICS INDUSTRY, INC., REINFORCED

        PLASTICS/COMPOSITES

        DIVISION ANNUAL CONFERENCE, WASHINGTON, 5-8 FEBRUARY,

        1974; NEW YORK, 1974,

        13B, 1-14.

        THE FRACTURE TOUGHNESS OF AN EPOXY RESIN REINFORCED 
WITH DISCONTINUOUS GLASS FIBRES OF LOW FIBRE ASPECT 
RATIOS WAS MEASURED BY DOUBLE CANTILEVER CLEAVAGE 
TESTS AND NOTCHED BEND TESTS. THE FIBRE-MATRIX 
INTERFACIAL ADHESION WAS VARIED BY APPLYING DIFFERENT 
SURFACE TREATMENTS TO THE FIBRES. IT WAS OBSERVED THAT 
THE INTERFACIAL BOND STRENGTH DETERMINES WHETHER THE 
CRACK INITIATES BY DEBONDING AT THE FIBRE-MATRIX 
INTERFACE OR BY FIBRE FAILURE AND THE RELATIVE VALUES OF 
THE ENERGIES ABSORBED DURING THESE PROCESSES. THE 
INTERFACIAL BOND STRENGTH ALSO CONTROLS THE ENERGY 
BSORBED DUE TO FIBRE PULL-OUT WHEN ALL THESE ENERGIES 
ARE ACCOUNTED FOR IT IS SHOWN THAT A WEAK INTERFACIAL 
OND MAY PRODUCE A COMPOSITE WITH A FRACTURE TOUGHNESS 
HGHER THAN THAT WHICH CAN BE OBTAINED BY STRONG 
INTERFACIAL BONDS. -AUTHOR ABSTRACT.

        FRACTURING, INTERFACE EFFECTS, COMPOSITE MATERIALS,

        REINFORCED PLASTICS, EPOXY RESINS, FIBROUS 
REINFORCEMENT, TOUGHNESS, BONDING, DIMENSIONS, SURFACE 
TREATMENT, FIBRES, MEASURING, ELECTRON MICROSCOPE 
STUDIES, SCANNING, INTERFACE EFFECTS

  74.   STUDIES OF THE FRACTURE BEHAVIOUR OF POLYETHYLENE

        COMPOSITES.

        LANG G, WINTERGERST S

        KUNSTSTOFFE, 1974, 64 (11), 671-5; (IN GERMAN).

        THE REINFORCEMENT OF PLASTICS BY ADDITIVES IS GOVERNED 
BY THE ACCESSIBLE INTERFACE. IN TENSILE TESTING, FIBRE

        COMPOSITES HAVE THE GREATEST STRENGTH, ALTHOUGH THE

        ADHESION BETWEEN THE COMPONENTS IS POOR. BECAUSE OF 
THE GEOMETRY OF THE ADDITIVES THE INCREASE IN STRENGTH 
OF PARTICLE COMPOSITES WITH SPHERICAL PARTICLES IS POOR,

        EVEN IF ADHESION IS GOOD. ADDITIVES WITH A PLATELET

        STRUCTURE HAVE A REINFORCING EFFECT WHICH LIES HALFWAY

        BETWEEN FIBRES AND SPHERICAL PARTICLES. SCANNING 
ELECTRON MICROSCOPIC EXAMINATION OF THE FRACTURE 
SURFACES ENABLE THE FORMATION OF ADHESIVE BONDING 
BETWEEN THE MATRIX AND THE ADDITIVE TO BE QUALITATIVELY 
EVALUATED. -AUTHOR

        ABSTRACT. FRACTURING, POLYTHENE, COMPOSITE MATERIALS,

        GRANULAR MATERIALS, PARTICLE SHAPE, FIBROUS

        REINFORCEMENT, REINFORCED PLASTICS, BONDING, INTERFACE

        EFFECTS

  75.   A METHOD OF FABRICATING UNIFORM HIGH-QUALITY LAMINATES.

        NORRIS J E

        BRE

        REINFORCED PLASTICS, 1974, 18 (12), 335-7.

        DESCRIBES A METHOD OF FABRICATING UNIFORM REPRODUCIBLE

        GLASS-FIBRE REINFORCED POLYESTER LAMINATES, AND GIVES 
THE TENSILE AND FLEXURAL STRENGTHS OF A SERIES OF 
LAMINATES PREPARED IN THIS WAY. REINFORCED PLASTICS, 
COMPOSITE MATERIALS, LAMINATED PRODUCTS, 
MANUFACTURING, TENSILE STRENGTH, BENDING STRENGTH, 
DIMENSIONS    

  76.   PRINCIPLES OF DETAILING GRP CLADDING. TECHNICAL STUDIES

        3-6.

        READ A, O'BRIEN T

        ARCHITECTS' J., 1974, 160 (42), 945-6; (44), 1061-2;

        (45), 1121-2; (48),

        1289-91.

        THE FOUR STUDIES RESPECTIVELY DISCUSS LOCAL

        STRENGTHENING, LIMITS TO PANEL DESIGN, JOINTS, AND

        FIXINGS FOR GLASS FIBRE REINFORCED PLASTICS CLADDINGS.

        REINFORCED PLASTICS, CLADDINGS, PANELS, COMPOSITE

        MATERIALS, LAMINATED PRODUCTS, JOINTS, STIFFENING

        ELEMENTS, MOULDING, FASTENERS

  77.   DEVELOPMENTS IN BUILDING MATERIALS.

        SEREDA P J

        BUILDING RESEARCH AND PRACTICE, 1974, 2 (6), 329-35.

        REVIEWS RECENT DEVELOPMENTS IN THE FIELD OF BUILDING

        MATERIALS INCLUDING DIFFERENT TYPES OF CEMENT, THE USE OF

        BY-PRODUCTS, POLYMER-IMPREGNATED CONCRETE, AND 
PLASTICS IN BUILDINGS. (21 REFS). BUILDING MATERIALS, REVIEW,

        CEMENT, CONCRETE, WASTE MATERIAL, UTILIZATION, PLASTICS,

        AGGREGATES, BRICKWORK, REINFORCED PLASTICS, FIBROUS

        REINFORCEMENT, COMPOSITE MATERIALS, POLYMER 
IMPREGNATED CONCRETE

  78.   ON THE PROPERTIES AND BEHAVIOUR OF HIGH EARLY STRENGTH

        LIGHTWEIGHT POLYMER IMPREGNATED CONCRETE REINFORCED 
WITH ALKALI RESISTANT GLASS FIBERS.

        GUNASEKARAN M, ICHIKAWA Y,DUNLAP A B

        AMERICAN CONCRETE INSTITUTE, SPECIAL PUBLICATION SP-44,

        MICHIGAN, 1974; (SP

        44-15) 265-85.

        SOME OF THE PRINCIPLE STRUCTURAL PROPERTIES OF

        LIGHTWEIGHT, SINTERED FLY-ASH AGGREGATE CONCRETE MADE

        WITH REGULATED SET CEMENT AND REINFORCED WITH

        ALKALI-RESISTANT GLASS FIBRES ARE PRESENTED. THE

        INFLUENCE OF FIBRE QUANTITY, FIBRE LENGTH, AND SURFACE

        TREATMENT OF FIBRES, AND ALSO OF POLYMER IMPREGNATION 
ON THE PROPERTIES OF THE CONCRETE ARE DISCUSSED. FROM 
AUTHOR ABSTRACT. POLYMER IMPREGNATED CONCRETE, LIGHT 
AGGREGATE CONCRETE, FIBROUS REINFORCEMENT, COMPOSITE 
MATERIALS, FLY ASH, EARLY STRENGTH , DIMENSIONS, GLASS 
FIBRES, SURFACE TREATMENT, ACRYLICS, G.R.C.

  79.   APPLICATION OF GROUP THEORY CONCEPTS TO FIBRE-BASED

        COMPOSITES.

        SPERLING L H

        FIBRE SCIENCE AND TECHNOLOGY, 1974, 7 (3), 199-205.

        THE MANY DIVERSE TYPES OF KNOWN COMPOSITE MAY BE

        CLASSIFIED ACCORDING TO OVERALL COMPOSITION, 
MORPHOLOGY, OR TOPOLOGY. FIRST, A SIMPLE CHART IS 
PRESENTED WHICH ORGANISES THE SEVERAL TYPES OF 
COMPOSITES ACCORDING TO PHASE CONTINUITY AND 
GEOMETRICAL SHAPE AND CONFIGURATION.

        FILLED POROUS SYSTEMS AND REINFORCED POLYMERS ARE

        EMPHASISED. THE CONCEPTS OF GROUP THEORY ARE THEN 
APPLIED TO FIBROUS COMPOSITES. TWENTY POSSIBLE 
TRANSLATION TYPES ARE DISTINGUISHED, BUT NOT ALL OF THE 
COMPOSITES HAVE BEEN MADE, AND ATTENTION IS DRAWN TO 
TWO FIBRE COMPOSITE STRUCTURES PREVIOUSLY 
UNINVESTIGATED. -FROM AUTHOR

        ABSTRACT. COMPOSITE MATERIALS, FIBROUS REINFORCEMENT,

        COMPOSITION, SHAPE, ORIENTATION

  80.   COMPOSITE MATERIALS IN CIVIL ENGINEERING: THEIR CURRENT

        USE, PERFORMANCE REQUIREMENTS AND FUTURE POTENTIAL.

        MCCURRICH L H, ADAMS M A J

        COMPOSITES-STANDARDS TESTING AND DESIGN; PROC. OF A

        SYMPOSIUM HELD AT NPL, 8-9

        APRIL 1974; GUILDFORD, IPC SCIENCE & TECHNOLOGY PRESS,

        1974, 80-92.

        DESCRIBES THE GENERAL PHILOSOPHY REQUIRED FOR CIVIL

        ENGINEERING MATERIALS AND ILLUSTRATES A NUMBER OF

        APPLICATIONS FOR THE MAIN COMPOSITES DISCUSSED: 
CONCRETE,  FIBRE REINFORCED RESIN AND FIBRE REINFORCED 
CEMENT. THE METHODS USED IN DESIGN FOR DETERMINING SAFE 
ALLOWABLE STRESSES IN THE MATERIALS ARE DESCRIBED AND 
THIS DEMONSTRATES WHERE INFORMATION IS REQUIRED ON THE 
NEW COMPOSITES. SUGGESTIONS ARE MADE FOR IMMEDIATE 
WORK TO PROVIDE THE NECESSARY INFORMATION FOR 
PREDICTION OF SAFE DESIGN STRESSES AND ELASTIC MODULUS 
FOR BUILDING APPLICATIONS WHERE THE DESIGN LIFE IS 
GENERALLY AT LEAST 30 YEARS. (47 REFS.) -FROM AUTHOR 
ABSTRACT. COMPOSITE MATERIALS, REINFORCED CONCRETE, 
REINFORCED PLASTICS,

        G.R.C., RESIN CONCRETE, ELASTICITY, STRUCTURAL DESIGN,

        STRESSES, MECHANICAL PROPERTIES, PERFORMANCE,

        BIBLIOGRAPHY

  81.   PRINCIPLES OF DETAILING GRP CLADDING. TECHNICAL STUDY 1

        AND 2.

        READ A, O'BRIEN T
        ARCHITECTS' J., 1974, 160 (38), 699-701; (40), 815-7.

        TECHNICAL STUDY 1 DESCRIBES THE GENERAL PRINCIPLES AND

        FABRICATION OF GLASS FIBRE REINFORCED PLASTICS CLADDINGS

        INCLUDING LAMINATE COMPOSITION, LAMINATE BUILD-UP, AND

        PANEL LAY-UP, AND TECHNICAL STUDY 2 DESCRIBES METHODS OF

        STIFFENING AND INCLUDES A SHORT BIBLIOGRAPHY ON GRP.

        REINFORCED PLASTICS, CLADDINGS, MANUFACTURING, 
LAMINATED PRODUCTS, COMPOSITE MATERIALS, COMPOSITION, 
STIFFENING ELEMENTS

  82.   THE EFFECT OF NOTCHES AND SPECIMEN GEOMETRY ON THE

        PENDULUM IMPACT STRENGTH OF UNIAXIAL CFRP (CARBON FIBRE

        REINFORCED PLASTIC).

        BADER M G, ELLIS R M

        COMPOSITES, 1974, 5 (6), 253-8.

        CHARPY IMPACT TESTS WERE CONDUCTED ON A NUMBER OF

        COMPOSITES CONSISTING OF UNIAXIAL CARBON FIBRES IN AN

        EPOXY RESIN MATRIX. THE SPECIMEN GEOMETRY WAS VARIED SO

        AS TO OBTAIN DIFFERENT LENGTH-TO-DEPTH RATIOS IN THE TEST

        PIECE BOTH FOR PLAIN TEST PIECES AND THOSE CONTAINING

        NOTCHES. THE RESULTS SHOW THAT THERE IS A CRITICAL

        LENGTH-TO-DEPTH RATIO WHICH MARKS A CHANGE OF FRACTURE

        MODE FROM A RELATIVELY BRITTLE TRANSVERSE CRACKING TO A

        TOUGHER MODE INVOLVING EXTENSIVE DELAMINATION. THE

        MATERIALS ARE NOT NOTCH SENSITIVE PROVIDED TESTS ARE

        ALWAYS CONDUCTED AT SIMILAR LENGTH-TO-DEPTH RATIOS. THE

        IMPACT PERFORMANCE OF THE COMPOSITE AND THE CRITICAL

        GEOMETRIC FACTORS ARE BOTH GOVERNED BY THE ELASTIC 
STRAIN ENERGY POTENTIAL OF THE COMPOSITE AND BY ITS 
INTERFACIAL SHEAR STRENGTH. -AUTHOR ABSTRACT. 
REINFORCED PLASTICS, FIBROUS REINFORCEMENT, CARBON 
FIBRES, COMPOSITE MATERIALS, SHAPE, STRESS 
CONCENTRATION, EPOXY RESINS, IMPACT STRENGTH, 
DIMENSIONS, FRACTURING, DEFORMATION, SHEAR STRENGTH

  83.   REPEATED LOADING AND CREEP EFFECTS IN SHEAR PROPERTY

        MEASUREMENTS ON UNIDIRECTIONAL CFRP (CARBON FIBRE

        REINFORCED PLASTIC).

        POTTER R T
        COMPOSITES, 1974, 5 (6), 261-5.

        AN EVALUATION OF THE EFFECTS OF REPEATED LOADING AND

        CREEP ON THE MEASUREMENT OF SHEAR STRENGTH AND 
MODULUS OF UNIDIRECTIONAL CARBON FIBRE-REINFORCED 
PLASTICS IS DESCRIBED. FOR THE EPOXY RESIN SYSTEMS USED 
THE RESULTS INDICATE THAT REPEATED LOADING BELOW ABOUT 
30% OF THE ULTIMATE SHEAR STRESS IS UNLIKELY TO AFFECT 
ANY STRENGTH VALUE SUBSEQUENTLY RECORDED. AT HIGHER 
STRESS LEVELS, HOWEVER, THE CREEP RATE BECOMES 
SIGNIFICANT, AND THE SPECIMEN MUST BE LOADED TO FAILURE 
WITHIN A FEW SECONDS IF INITIAL STRENGTH IS REQUIRED. -
AUTHOR ABSTRACT. 

        COMPOSITE MATERIALS, REINFORCED PLASTICS, EPOXY RESINS,

        CARBON FIBRES, FIBROUS REINFORCEMENT, CYCLIC EFFECTS,

        LOADING TESTS, CREEP, FRACTURING, SHEAR STRENGTH, SHEAR

        STRESSES, ULTIMATE LOADS, RIGIDITY MODULUS, RATE,

        DEFORMATION

  84.   WEATHERING RESISTANCE OF PLASTICS COMPOSITES.

        SCOTT K A, PAUL K T

        COMPOSITES, 1974, 5 (5), 201-8.

        DISCUSSES IN DETAIL THE WEATHERING PROPERTIES OF GLASS

        FIBRE REINFORCED UNSATURATED POLYESTER RESINS AND 
GLASS FIBRE REINFORCED EPOXY RESINS BASED ON A 
LITERATURE REVIEW COMPILED BY THE RUBBER AND PLASTICS 
RESEARCH ASSOCIATION. REINFORCED PLASTICS, COMPOSITE 
MATERIALS, WEATHERING EFFECTS, POLYESTERS, EPOXY RESINS, 
DURABILITY, MECHANICAL PROPERTIES, LIGHT TRANSMISSION, 
REVIEW, COMPOSITION

  85.   TORSION-FLEXURE COUPLING IN A COMPOSITE MATERIAL.

        RITCHIE I G, ROSINGER H E

        J. OF PHYSICS D: APPLIED PHYSICS, 1974, 7 (9), L95-L99.

        TORSION-FLEXURE COUPLING BETWEEN THE FUNDAMENTAL OF

        TORSIONAL RESONANCE AND THE SECOND OVERTONE OF 
FLEXURAL RESONANCE WAS EXPERIMENTALLY DEMONSTRATED IN 
A FIBRE-REINFORCED COMPOSITE. THE RESULTS AGREE WITH 
CURVES CALCULATED FOR A MATERIAL OF ORTHOTROPIC 
SYMMETRY AND ILLUSTRATE THE NON-CROSSING RULE FOR THE 
COUPLED OSCILLATIONS. -AUTHOR ABSTRACT. COMPOSITE 
MATERIALS, FIBROUS REINFORCEMENT, VIBRATION, COUPLING, 
TORSION, BENDING, ANISOTROPY, REINFORCED PLASTICS, 
ELASTICITY

  86.   HYBRID CARBON AND GLASS FIBRE COMPOSITES.

        BUNSELL A R, HARRIS B

        COMPOSITES, 1974, 5 (4), 157-64.

        HYBRID COMPOSITE MATERIALS, CONSISTING OF ALTERNATELY

        LAMINATED LAYERS OF TYPE 1 CARBON FIBRES AND GLASS FIBRES

        IN AN EPOXY RESIN, WERE STUDIED. TWO TYPES OF HYBRID WERE

        MADE, WITH THE ALTERNATE LAYERS EITHER UNBONDED OR

        BONDED. IT WAS CONSIDERED THAT, BY MIXING TWO TYPES OF

        FIBRE IN A RESIN TO FORM SUCH A HYBRID, IT WOULD BE

        POSSIBLE TO CREATE A MATERIAL HAVING THE COMBINED

        ADVANTAGES OF THE INDIVIDUAL COMPONENTS WHILST

        DIMINISHING THEIR DISADVANTAGES. THE RESULTS OBTAINED

        INDICATE THAT LIGHT ENGINEERING MATERIALS HAVING

        CONTROLLED STRESS-STRAIN BEHAVIOUR CAN BE PRODUCED, 
WITH PROPERTIES DESIGNED TO MEET CERTAIN REQUIREMENTS. 
SUCH MATERIALS WOULD ALLOW A WIDER USE OF THE MORE 
EXPENSIVE COMPONENTS, SUCH AS CARBON FIBRES. -AUTHOR 
ABSTRACT.

        COMPOSITE MATERIALS, FIBROUS REINFORCEMENT, GLASS 
FIBRES, CARBON FIBRES, LAMINATED PRODUCTS, STRESS-STRAIN

        RELATIONS, REINFORCED PLASTICS, LOADING TESTS

  87.   POLYMER ADDITIVES FOR CEMENT COMPOSITES: A REVIEW.

        RILEY V R, RAZL I

        COMPOSITES, 1974, 5 (1), 27-33.

        THE PROPERTIES OF MORTARS, CONCRETES, OR COMPOSITES 
BASED ON INORGANIC CEMENTS SUCH AS FIBRE REINFORCED 
SYSTEMS CAN BE GREATLY IMPROVED BY THE ADDITION OF 
POLYMERS. THE VARIOUS TYPES OF POLYMER, INCLUDING 
LATEXES AND WATER SOLUBLE POLYMERS, WHICH CAN BE ADDED 
TO COMPOSITES IN THEIR FRESH OR WET STATE ARE REVIEWED. -
FROM AUTHOR ABSTRACT. CEMENT & CONCRETE ADDITIVES, 
CEMENT, MORTARS, COMPOSITE MATERIALS, MECHANICAL 
PROPERTIES, POLYMERS, LATEX, REVIEW

  88.   FATIGUE OF FIBRE-REINFORCED PLASTICS : A REVIEW.

        DEW-HUGHES D, WAY J L

        COMPOSITES, 1973, 4 (4), 167-73.

        A REVIEW IS GIVEN OF THE MECHANISMS OF FATIGUE FAILURE IN

        FIBRE-REINFORCED PLASTICS, WITH PARTICULAR REFERENCE TO

        GRP. COMPARISON IS MADE BETWEEN FATIGUE IN METAL 
MATRICES AND POLYMER MATRICES, AND THE FATIGUE OF FIBRES 
AND THE FIBRE/MATRIX INTERFACE IS CONSIDERED. SPECIFIC 
ATTENTION IS DRAWN TO THE POSSIBLE STAGES OF FATIGUE 
DAMAGE IN FIBRE-REINFORCED PLASTICS : LOCAL DEBONDING, 
JOINING UP OF DEBONDS, MATRIX CRACKING, AND FIBRE 
FRACTURE. THE CONCLUSION IS REACHED THAT DEBONDING 
SHOULD BE CONSIDERED AS THE CRITERION FOR FAILURE. THE 
EFFECTS OF SPECIMEN VARIABLES AND TESTING CONDITIONS ARE 
REVIEWED, AND THE IMPORTANCE OF THE GLASS/RESIN BOND IS 
SHOWN. (70 REFS).

        -FROM AUTHOR ABSTRACT. REINFORCED PLASTICS, COMPOSITE

        MATERIALS, FATIGUE, GLASS FIBRES, MATRIX PROPERTIES,

        INTERFACE EFFECTS, FRACTURING, BONDING, MEASURING,

        DEFECTS, REVIEW, CRACK PROPAGATION, MECHANICAL 
PROPERTIES

  89.   Evaluation modified concretes. Part 2.

        POMEROY C D

        Concrete, 1973, 7(6), 32-4.

        Discusses the properties of plain and polymer or fibre

        reinforced concretes, the factors to be taken into

        account for design, and the methods of test available.

        Properties include dimensional stability, ie creep,

        shrinkage, and thermal movement; durability; fire

        resistance; and acoustic and insulating properties.

        Polymer impregnated concrete, concrete, fibrous

        reinforcement, measuring, composite materials, creep,

        durability, dimensional changes, thermal expansion, fire

        resistance

  90.   MECHANISM OF BREAKDOWN IN THE INTERFACE REGION OF 
GLASS

        REINFORCED POLYESTER BY ARTIFICIAL WEATHERING.

        BLAGA A, YAMASAKI R S

        J. OF MATERIALS SCIENCE, 1973, 8 (5), 654-66.

        Reprinted as National Research Council of Canada,

        Division of Building Research

        , DBR Paper No 823-see 173 168

        LABORATORY STUDIES WERE CONDUCTED TO ELUCIDATE THE

        MECHANISM OF BREAKDOWN IN THE INTERFACE REGION OF

        GLASS-FIBRE REINFORCED POLYESTER (GRP) COMPOSITES ON

        OUTDOOR WEATHERING. (COMPOSITES OF GRP WERE SUBJECTED 
TO THE EFFECTS OF MOISTURE, TEMPERATURE, AND RADIATION.

        BREAKDOWN IN THE INTERFACE REGION OCCURRED WHEN THE 
GRP SHEETS WERE AGED IN THE PRESENCE OF WATER AND

        PHYSICALLY-INDUCED STRESS (THERMALLY AND/OR BY 
MOISTURE).  THE STRESSES INVOLVED ARE COMPLEX, THE MOST 
PREDOMINANT BEING AXIAL SHEAR STRESSES. FRACTURE 
CHARACTERISTICS OF BREAKDOWN PRODUCED DURING 
LABORATORY AGEING WERE VERY SIMILAR TO THOSE OCCURRING 
ON OUTDOOR WEATHERING. -FROM AUTHOR ABSTRACT. 
REINFORCED PLASTICS, DECOMPOSING, INTERFACE EFFECTS, 
ACCELERATED TESTING, WEATHERING EFFECTS, IRRADIATING, 
COMPOSITE MATERIALS, MOISTURE EFFECTS, TEMPERATURE 
EFFECTS, AXIAL FORCES, SHEAR STRESSES, MATRIX PROPERTIES, 
GEING, FRACTURING, CYCLIC EFFECTS, MEASURING

  91.   EVALUATING MODIFIED CONCRETES, PART 1.

        POMEROY C D

        CONCRETE, 1973, 7 (5), 34-6.

        IT IS SUGGESTED THAT IN TERMS OF THE PROPERTIES BY WHICH

        CONCRETE IS CONVENTIONALLY JUDGED, THE IMPROVEMENTS 
THAT RESULT FROM POLYMER OR FIBRE ADDITION MAY BE NO 
GREATER THAN THOSE THAT RESULT FROM OPTIMUM MIX 
DESIGNS USING NORMAL CEMENTS AND AGGREGATES. -FROM 
AUTHOR ABSTRACT.

        POLYMER IMPREGNATED CONCRETE, CONCRETE, FIBROUS

        REINFORCEMENT, COMPOSITE MATERIALS, CEMENT, 
COMPRESSIVE STRENGTH, BENDING STRENGTH, TENSILE 
STRENGTH, ELASTICITY, COMPOSITION, AGGREGATES, CRACK 
PROPAGATION, DEFORMATION, FRACTURING

  92.   GLASS FIBRE REINFORCED PLASTICS FOR BUILDING CLADDINGS,

        PARTS 1,2, AND 3.

        READ A, O'BRIEN T

        ARCHITECTS' J., 1973, 157 (12), 699-706; (14), 817-26;

        (18), 1035-47.

        PART 1 OF THIS TECHNICAL STUDY DEALS GENERALLY WITH GRP

        INCLUDING FABRICATION, THE GRP INDUSTRY, PROPERTIES

        USEFUL IN BUILDING, APPLICATIONS, AND FUTURE

        DEVELOPMENTS. PART 2 GIVES FIVE CASE STUDIES OF THE USE

        OF TRANSLUCENT GRP IN ROOFING, AND PART 3 DISCUSSES EIGHT

        CASE STUDIES OF BUILDINGS WITH PIGMENTED (OPAQUE) GRP

        EXTERNAL CLADDING. NUMEROUS PHOTOGRAPHS ILLUSTRATE 
THE PRESENT APPLICATIONS OF GRP. REINFORCED PLASTICS,

        COMPOSITE MATERIALS, POLYESTERS, MANUFACTURING,

        PERFORMANCE, UTILIZATION , LIGHT TRANSMISSION, ROOFING

        MATERIALS, COLOURING MATERIALS, CLADDINGS

  93.   HIGH STRENGTH GLASS FIBRE-RESIN COMPOSITES

        THOMAS W F

        NATURE, 1973, 242 (5398), 455-6.

        DESCRIBES A NEW METHOD OF ACHIEVING HIGH STRENGTHS BY

        USING GLASS STRANDS COMPOSED OF THINNER FIBRES THAN 
THOSE NORMALLY USED. FIBRES WERE PRODUCED IN THE 
LABORATORY OF DIAMETERS 0.005MM TO 0.05MM, AND MEAN 
BREAKING STRESS MEASURED WHEN EMBEDDED IN VARIOUS 
RESINS (POLYSTYRENE, EPOXIDE,POLYESTER). COMPARISON 
WITH RESULTS FOR COMMERCIAL STRAND SHOWS THAT HIGH 
STRENGTH COMPOSITES CAN BE MADE BY USING FIBRES OF 
DIAMETER ABOUT 0.005MM, INSTEAD OF THE ALMOST 
UNIVERSALLY ACCEPTED DIAMETER OF 0.013MM. COMPOSITE 
MATERIALS, REINFORCED PLASTICS, GLASS FIBRES, DIMENSIONS, 
TENSILE STRENGTH, TENSILE STRESSES, MEASURING

  94.   THE FALLACY OF HIGH VOLUME FRACTION (OF GLASS IN

        REINFORCED PLASTICS).

        FROUD G R

        COMPOSITES, 1973, 4 (2),65-67.

        THERE ARE THEORETICAL AS WELL AS PRACTICAL REASONS WHY 
A HIGH GLASS CONTENT IN GLASS FIBRE REINFORCED PLASTICS IS

        NOT ALWAYS DESIRABLE. AN OPTIMUM GLASS CONTENT IS

        CALCULATED TO GIVE MAXIMUM FLEXURAL STRENGTH AND

        STIFFNESS FOR SIMPLE BEAMS AND PLATES, THIS CONTENT BEING

        GOVERNED BY SIMILAR RULES TO THOSE THAT APPLY FOR THE

        OPTIMUM CONFIGURATION IN SANDWICH BEAMS. THE ARGUMENT

        LEADS TO THE SURPRISING RESULT THAT, IN PARTICULAR

        INSTANCES, VOLUME FRACTIONS AS LOW AS 13% CAN BE 
REQUIRED THEORETICALLY TO GIVE OPTIMUM CONSTRUCTION. IT 
IS CONCLUDED THAT, IN MANY BENDING APPLICATIONS, HAND LAY-
UP CAN COMPETE FULLY WITH HOT MOULDED CONSTRUCTION, 
AND IN SOME CASES EVEN PROVE SUPERIOR. -AUTHOR 
ABSTRACT.

        REINFORCED PLASTICS, GLASS FIBRES, REINFORCING, BENDING

        STRENGTH, ELASTICITY, VOLUME, CALCULATING

  95.   Effective use of composite materials directionally

        reinforced with hollow fibres.

        VAN FO FY G A, KLYAVLIN V V

        Strength of Materials, 1972, 4 (4), 389-93

        A doubly periodic model of directionally reinforced

        materials was used as a basis for determining the

        effectiveness of hollow fibres as reinforcing elements of

        a composite material. It was found that for all forms of

        stress state, with hollow fibres of low specific weight

        (eg glass), a reduction in the relative strength and

        stiffness characteristics of the reinforced material was

        observed as the hollowness of the fibre increased.

        Composite materials, fibrous reinforcement, fibres, glass

        fibres, reinforced plastics, structure, stresses, shear

        stresses, calculating, mechanical properties, mass

  96.   External Reinforcement of Concrete Beams using Fiber

        Reinforced Plastics

        RITCHIE P A, THOMAS D A, LU L W, ET AL

        ACI Structural Journal, 1991, v88(4), 490-500

        A series of 16 under-reinforced beams was tested to study

        the effectiveness of external strengthening using fibre

        reinforced plastic (FRP) plates. Increases in stiffness

        (over the working load range) from 17 to 99 percent and

        increases in strength (ultimate) from 40 to 97 percent

        were achieved for the beams with FRP plates. Predicted

        and actual load-deflection curves showed fairly good

        agreement, although generally the theoretical curves were

        stiffer. Experimental failure did not occur in the

        maximum moment region on many of the beams, despite

        attempts at end anchorage to postpone local shear

        failure. The ultimate loads of the beams that did fail in

        the maximum region were within about 5 percent of

        predicted values. (From author abstract)

  97.   Polymer reinforced fiber composites for exterior

        applications.

        SUN B C, HAWKE R N

        IUFRO 19th World Congress, Montreal, Canada, 5-11 August

        1990, volume 1, page 508 only

        A polymer intermediate was used to form fibre composites

        for exterior and high strength applications.

        Thermomechanically pulped aspen fibres were consolidated

        into 18" x 16" x 0.125" composite panels (1.0 target

        specific gravity). Similar panels were also consolidated

        with phenol-formaldehyde binder for comparison. It was

        established that 1) panel densities and properties varied

        with panel composition and consolidation condition,2)

        modulus of rupture, internal bond strength, ultimate

        tensile strength and elasticity parallel to panel face,

        as high as 17,500, 1,500, 11,500, and 2,200,000 psi,

        respectively, were obtained. 3) composites retained 80 to

        95% of their dry strengths after six-cycles of

        accelerated ageing treatment,4) accelerated ageing

        treatment caused negative linear expansion, and as low as

        3% thickness swelling, and 5) all fibre-polymer composite

        properties were substantially better than those bonded

        with phenol-formaldehyde binder. (From author abstract)

  98.   Improved mechanical properties of glass fibre reinforced

        cement by polymer modification

        BIJEN J

        Cement & Concrete Composites, 1990, v12(2), 95-101

        An overview is given of improvements which can be

        achieved by polymer modification of glass fibre

        reinforced cement. Introduced ten years ago into the

        market, the addition of polymer dispersion has proved to

        increase substantially mechanical properties such as

        tensile strength, strain capacity and impact strength in

        the long term. (Author abstract)

  99.   Interfaces in composites. A symposium presented at the

        71st Annual Meeting of ASTM at San Francisco, 23-28 June

        1968.

        American Society for Testing and Materials (ASTM),
        Committee D-30 on High Modulus Fibres.

        ASTM Special Technical Publication 452.

        Philadelphia, Pa, ASTM, 1969.

        Accession: 134517  Location: UDC 67   Loaned to WALTON

        P.L. (01-03-1994) 

  100.  Modern composite materials.

        BROUTMAN L J, KROCK R H

        London, Addison-Wesley, 1967.

  101.  Durability of Fibre Cement Composites.

        MAJUMDAR A J, WALTON P L.

        Building Research Establishment (BRE)

        Presented at the 2nd CANMET/ACI International Conference

        on 'The Durability of Concrete' in Montreal, Canada,

        August 1991, 745-771

        Fibre cement composites developed commercially as

        replacements for asbestos cement have been under

        investigation at the Building Research Establishment for

        a number of years. These include composites containing

        fibres of glass, polyvinyl alcohol and cellulose. Glass

        fibre reinforced cement has received the most attention

        at BRE. In this study different types of cement -

        Portland, high-alumina, supersulphated, etc as well as

        Portland cement modified by pozzolanas and polymers -

        were used. For some of these composites important

        mechanical properties after natural weathering for up to

        20 years have been determined recently. A review of this

        work is given and the results are analysed in terms of

        mechanisms that are considered to be important in

        determining the long term durability of these materials.

        (From author abstract)

  102.  Polymer Pile Encapsulation: Factors Influencing

        Performance

        SNOW R K.

        Concrete International 1990, v12(5), 34-40

        Composite systems or encapsulations, consisting of fibre

        reinforced plastic jackets and polymer grouts are

        examined. Several factors that influence the long-term

        serviceability of polymer encapsulations are outlined,

        along with recent developments that specifically address

        those factors. (From author abstract)

  103.  Application of confocal scanning optical microscopy to

        the study of fibre-reinforced polymer composites

        THOMASON J L, KNOESTER A.

        J of Materials Science Letters 1990, v9(3), 258-262

        Any new technique which promises the possibility of

        non-destructive examination of the interface region, or

        more general information on composite structure, is of

        great interest. Confocal scanning optical microscopy

        (CSOM) appears to be such a technique and its

        applicability to composite materials generally and the

        fibre-matrix interface region in particular, is being

        evaluated. (From text)

  104.  The Cracking Behaviour of a Polymer Modified Glass

        Reinforced Cement Composite (PGRC) (In French)

        DAN W, QUENARD D, COPE R

        Quality for Building Users Throughout the World, CIB 89,

        11th Int. Congr 19-23

        June 1989, Paris, Theme 2, Lifespan of Buildings. v(1),

        380-389

        Three point bending tests have been carried out in the

        exposure cell of a scanning electron microscope in order

        to follow the development of the cracking of PGRC and of

        the mortar constituting the composite matrix. The

        observations show the more favourable crack initiation

        sites: the long fibre-cement or sand-cement interfaces

        and make it possible to visualise crack propagation as

        the load is applied. Off -axis angle plays an important

        role in the fracture mode of the fibres. The fibres with

        big off-axis angles break in flexion while those with

        small off-axis angles break in tension and are pulled out

        of the matrix. (From English summary)

  105.  Treatment of glassfibre strands in polymer and silica

        fume dispersions to improve the ageing performance of

        glassfibre-reinforced cements

        BENTUR A.

        Advances in Cement Research, 1988, v1(3), 147-154

        Glass fibre strands were immersed in polymer latex or

        silica fume dispersions before incorporating them in a

        cement matrix, in order to improve the ageing performance

        of the composite. These treatments always enhanced the

        performance, their effectiveness depending on the type of

        dispersion and fibre. In composites reinforced with

        alkali-resistant (AR) glass fibres, both dispersions were

        equally effective in eliminating almost any loss in

        strength during accelerated ageing, but the silica fume

        treatment was more effective in limiting the loss in

        toughness. The treatment of E glass fibres with polymer

        latex enhanced the ageing performance to levels better

        than those of untreated AR glassfibre reinforced

        composites, although the polymer did not completely

        eliminate chemical attack of the E glass. (From author

        abstract)

  106.  Alternatives to Asbestos and Asbestos Products.(2nd

        Edition)

        HODGSON A A.

        Crowthorne, Anjalena Publications Ltd, 1987, 284pp,

        50.00P

        Contents:- The Alternative Raw Materials. Glass fibres

        and mineral wools. Synthetic organic fibres. Natural

        organic fibres. Carbon fibres. Refractory fibres.

        Metallic fibres and composites. Minerals. Alternative

        Products. Fibre reinforced cement (FRC). Building

        materials and insulation products. Reinforced plastics.

        Packings, jointings and bearings.

  107.  Polymer modified GRC.

        MAJUMDAR A J, WEST J M.
        Building Research Establishment Information Paper IP

        10/87

        Garston, BRE, 1987, 4pp.

        The mechanical properties of polymer modified grc made by

        using CEM-FIL alkali-resistant glass fibres as the

        reinforcement and OPC or OPC and pfa as the matrix are

        described. The composite materials were kept in air,

        under water and on the exposure site at BRS for up to 15

        years. Various polymer dispersions were used as modifiers

        and among them those based on acrylics and copolymerised

        polyvinylidene dichloride have given encouraging results

        in terms of increasing the matrix cracking strength and

        retention of the excellent initial toughness of grc after

        long-term weathering. (Author Abstract).

  108.  Mechanical Properties of Carbon Fiber (Fibre) Reinforced

        Cement Composite and the Application to Building. (Part

        2).

        AKIHAMA S, KOBAYASHI M, SUENAGA T

        Kajima Institute of Construction Technology.

        Kajima Corporation.   KICT Report No.65.

        Tokyo, The Corporation, 1986, 54pp.

        Contains two papers:- Influence of Fibre Strength and

        Polymer Impregnation on the Mechanical Properties of

        Carbon Fibre Reinforced Cement (FRC) Composites. Effect

        of CFRC Specimen Geometry on Flexural Behaviour.

  109.  Sunhemp fibre-reinforced polyester: Part 1 Analysis of

        tensile and impact properties

        SANADI A R, PRASAD S V, ROHATGI P K.

        J of Materials Science, 1986, v21(12), 4299-4304.

        This paper describes the tensile and impact behaviour of

        polyester composites reinforced with continuous

        unidirectional sunhemp fibres of plant origin. The

        tensile strength and Young's modulus of sunhemp fibre

        were found to be 389 MPa and 35.4 GPa, respectively.

        Tensile strength of composites containing up to 0.4 fibre

        volume fraction (Vf) were found to increase linearly with

        Vf, and the results showed good agreement with the rule

        of mixtures.The analysis of various energy absorbing

        mechanisms during impact fracture showed that fibre pull

        out and interface fracture were the major contributions

        towards the high toughness of these composites. The

        results of this study indicate that sunhemp fibres have

        potential as reinforcing fillers in plastics in order to

        produce inexpensive materials with a high toughness.

        (From author abstract)

  110.  Durability of glass fibre reinforced concrete systems

        DANIEL J I, SCHULTZ D M.

        Proceedings - Durability of Glass Fiber Reinforced

        Concrete Symposium,

        Organized by: Prestressed Concrete Institute, held in

        Chicago, 12-15

        November 1985; PCI, 1986, pp 174-198.

        The investigation presented in this paper assessed the

        long-term strength durability of Alkali Resistant-Glass

        Fibre Reinforced Concrete (AR-GRC) and Polymer

        Modified-Glass Fibre Reinforced Concrete (P-GRC) systems.

        Both GRC systems exhibited strength decreases as a result

        of accelerated ageing. However, better long- term

        strength durability was achieved for P-GRC composites

        after 52 weeks of accelerated ageing. The primary factor

        causing the observed decrease in strength (and strain

        capacity) in AR-GRC composites was embrittlement of the

        glass fibres. (From author abstract)

  111.  Durability of glass fibres in polymer modified cement

        CIMILLI T.
        Proceedings - Durability of Glass Fiber Reinforced

        Concrete Symposium

        Organized by Prestressed Concrete Institute, held in

        Chicago, 12-15

        November 1985; PCI, 1986, pp 315-326.

        Glass fibre reinforced composites with and without

        polymer modified cement matrices were fabricated, cured

        in water for periods up to 18 months and tested in

        tension at the ages of one, three, six and 18 months.

        Polymer dispersions tried were an acrylic dispersion and

        an SBR latex emulsion. For one month old specimens,

        improvements in tensile strengths and the failure strains

        over the control up to 46% and 41% respectively were

        recorded, while the stresses at the limit of

        proportionality decreased slightly. Pseudo-ductility of

        the composites which were kept under water decreased with

        time and disappeared completely after 18 months. However

        the polymer modified composites were still stronger than

        the control although they all failed in a brittle manner.

        (Author abstract)

  112.  Long-term strength durability of glass fibre reinforced

        concrete

        DANIEL J I, SCHULTZ D M

        RILEM Third International Symposium on Developments in

        Fibre Reinforced

        Cement and Concrete, 1986, vol 2, paper 7.4, 9 pp.

        The investigation presented in this report assessed the

        long-term strength durability of Alkali Resistant-Glass

        Fibre Reinforced Concrete (AR-GFRC) and Polymer

        Modified-Glass Fibre Reinforced Concrete (P-GFRC)

        systems. Both GFRC systems exhibited strength decreases

        as a result of accelerated ageing. However, by

        comparison, better long-term strength durability was

        achieved for P-GFRC composites than for AR-GFRC

        composites after 52 weeks of accelerated ageing. Based on

        Scanning Electron Microscope (SEM) examinations, the

        primary factor causing the observed decrease in strength

        (and strain capacity) in AR-GFRC composites was

        embrittlement on the glass fibres. SEM photographs

        revealed no evidence of chemical attack of AR-glass

        surfaces. Results of freeze-thaw cycling of AR-GFRC

        indicated that glass fibres effectively preserved the

        cement matrix against significant freeze-thaw

        deterioration. (From author abstract)

  113.  Influences of fibre strength and polymer impregnation on

        the mechanical properties of carbon fibre reinforced

        cement composites.

        AKIHAMA S, SUENAGA T, NAKAGAWA H, ET AL

        RILEM Third International Symposium on Developments in

        Fibre Reinforced

        Cement and Concrete, 1986, vol 1, paper 2.3, 9pp

        The mechanical properties of CFRC, reinforced with short

        discrete carbon fibres, are affected by the properties of

        the fibre and cement matrix, fibre volume content, and

        fibre-matrix interfacial bond strength. To examine these

        effects, direct tensile, compressive, flexural and

        fibre-matrix interfacial bond tests were performed using

        two types of carbon fibres and three types of matrices,

        with a maximum volume content of 5.3%. The types of fibre

        used are pitch-based carbon fibre, GP-CF, and high

        strength and high modulus PAN type carbon fibre, HP-CF.

        To examine the effects of the matrices, the following

        three types of CFRC were tested: air cured CFRC,

        autoclaved CFRC and polymer impregnated CFRC after

        autoclaving. Based on the results, it can be concluded

        that the interfacial bond strength was changed by

        different curing methods, with and without impregnation.

        Therefore, the tensile strength and flexural strength

        were considerably changed, even though the type of fibre

        and fibre volume content were the same. (Author abstract)

  114.  Experimental study of carbon fiber reinforced cement

        composites. (Part 5). Effects of fiber strength and

        polymer impregnation on the mechanical properties of

        CFRC. (In Japanese)

        AKIHAMA S, SUENAGA T, NAKAGAWA H, ET AL

        Kajima Institute of Construction Technology, Annual

        Report, 1985,

        v33, pp57-62

        The mechanical properties of CFRC reinforced with short

        random carbon fibres are affected by the properties of

        the fibres and cement matrix, the fibre volume content

        and the fibre-matrix interfacial bond strength. In this

        study, to examine the effects of these factors, direct

        tensile, compressive, flexural and fibre-matrix

        interfacial bond tests were carried out using two types

        of carbon fibre and three types of matrix with a maximum

        volume content of 5.3%. It was concluded that interfacial

        bond strength varied according to the method of curing,

        ie with or without impregnation. Hence tensile and

        flexural strength varied even if the type of fibre and

        fibre volume content of CFRC were the same. In

        particular, the various mechanical properties of the

        polymer-impregnated CFRC were high in comparison with the

        air-cured or autoclaved CFRC. (From author abstract)

  115.  Long-term strength of GRC composites reinforced with

        alkali resistant glass fibres (in Czech)

        SCHATZ S

        Silikaty, 1985, v29(4), 301-307.

        The fibres of composition 58.3 SiO2, 8.6 CaO, 14.3 Na2O,

        11.4 ZrO2, 7.4 TiO2 were treated with an aqueous

        polymeric dispersion of a butylacrylate-polyvinyl acetate

        copolymer. The specimens were prepared by a method

        simulating the spray manufacturing process. The bending

        strength was measured by the three-point test, using a

        support span of 80 mm, a cross beam speed of 10 mm/min.,

        after 28, 90, 180, 360, 1080 days of dry storage and

        after wet storage in water at room temperature. The

        results indicate that the fibre defined above is suitable

        as reinforcement for Portland cement. Following three

        years of wet storage the bending strength of the GRC

        specimens was higher than that of the specimens prepared

        in the same way with glass fibres manufactured

        commercially for this purpose abroad (24.1 MPa compared

        to 18.0 MPa). The surface of the fibres was not corroded.

        (From English summary)

  116.  GRP in Structural Engineering.

        HOLMES M, JUST D J

        London, Applied Science Publishers, 1983, 298pp. 34.00P

        Chapters include:- The Manufacture and Properties of the

        Components of Glass-reinforced Polyesters. The

        Manufacture and Characteristics of Glass-reinforced

        Polyesters. The Behaviour of Glass Fibre-reinforced

        Laminates. The Theoretical and Measured Properties of

        Glass-Reinforced Composites Time and Temperature

        Dependent Characteristics of Glass-reinforced Plastics.

        Properties of GRP Relevant to Structural Design.

  117.  Acrylic Polymer Modified GRC

        WEST J M, DE VEKEY R C , MAJUMDAR A J

        Building Research Establishment (BRE)

        Composites, 1985 v16(1) 33-40.

        Acrylic based polymer dispersions have a considerable and

        largely beneficial effect on the engineering properties

        of glass fibre reinforced cement composites. At 12 volume

        % polymer solid addition, improvements in bending,

        tensile and impact strengths over the control of up to

        7%, 18% and 18% have been recorded after 28 days. When

        the composites were kept under water continuously over a

        period of 6 years, the very good initial psuedo-ductility

        of the material disappeared nearly completely and the

        material failed in a brittle manner. Nevertheless, the

        stress at the limit of proportionality remained high in

        some cases and this may be important in design. After 6

        years of natural weathering at Garston the modified

        composites were still pseudo-ductile and their LOP stress

        was much higher than that of the control. In this respect

        grc which contained pfa behaved in a manner similar to

        that of ordinary grc. (From author abstract)

  118.  Axial Buckling of Reinforced Plastics Cylinders With

        Surface Imperfection.

        WOOTTON A J, SCOWEN G D.
        National Engineering Laboratory

        NEL Report No 687

        East Kilbride, Glasgow, NEL, 1983, 20pp

        Some current theories of axial compression buckling in

        fibre-reinforced plastics circular cylinders are examined

        and compared with experiment. Favourable agreement was

        established between theory that included surface

        imperfections and experimental buckling data. The surface

        imperfection measurement was in terms of root mean square

        of the random surface deviation from the nominal surface

        of the cylinder. Buckling results for glass, aramid and

        hybrid carbon/glass fibre composite cylinders are also

        included. (From author abstract)

  119.  Durability of Some Glass Fiber Reinforced Cement

        Composites

        BIJEN S.

        J of the American Concrete Institute, 1983, v80(4),

        305-11.

        A number of glass fibre reinforced cement composites

        currently on the market were investigated with regard to

        the alteration of mechanical properties over time. Among

        these were several so-called alkali-resistant glass

        fibres (AR-GFRC) and a system consisting of E-glass

        fibres with a polymer-modified cement matrix

        (Forton(P)GFRC). Properties such as strain at ultimate

        tensile stress, bending strength, and impact strength

        were initially higher for the AR-GRFC than for the

        (P)GFRC. However, the AR-GFRC system showed a

        considerable decrease of these properties over time,

        resulting over the long term in a lower level than for

        (P)GFRC. Various alkali-resistant glass fibre reinforced

        cements showed a difference in the level of

        deterioration. (Author abstract)

  120.  The measurements of glass fibre strength in composites

        from studies of their fracture surfaces

        JARAS A C, NORMAN B J , SIMMENS S C

        Journal of Materials Science, 1983, v18(8), 2459-65.

        Scanning electron microscopy provides a convenient

        technique for the study of glass fibre-reinforced

        composite fracture surfaces. This work describes how a

        detailed examination and measurement of the 'mirror

        zones' on the fracture surfaces of the fibres themselves

        can be used to evaluate the fibre strength at the time of

        failure of the composite. A mirror zone/fibre strength

        calibration for single E-glass fibres and alkali

        resistant (CemFIL) glass fibres was made giving an

        inverse square root relationship for fibres down to 12

        microns diameter and for strengths as high as 2000 MN

        sq.m. Using the calibration, fibre strengths in situ can

        be measured on failed composites and strength histograms

        compiled. The technique has primarily been used on fibre

        strength studies of glass reinforced cement composites

        and reinforced plastics. (Author abstract)

  121.  Glass-reinforced plastics as optical waveguides - a

        method for NDE of GRP

        FARRAR N R, ASHBEE K H G

        NDT International, 1983, v16(1), 13-15.

        The principle of fibre reinforcement requires load

        transfer from matrix to fibres. In resin matrix

        composites it is known, from measurements of mechanical

        strength, that realization of load transfer is

        progressively impaired during water uptake from humid

        in-service environments. The physical mechanisms

        responsible for this impairement include the generation

        of interfacial pressure pockets, the occurrence of which

        suggests that the optical waveguide behaviour of

        glass-reinforced plastics should be affected and might

        therefore offer a non-destructive evaluation technique

        for monitoring at least one of the causes of mechanical

        degradation. This possibility has be appraised and

        experimentally verified. (Author abstract)

  122.  Water sorption and mechanical properties of a

        glass-reinforced polyester resin

        APICELLA A, MIGLIARESI C , NICODEMO L , ET AL

        Composites, 1982, v13(4), 406-10.

        A mechanical and calorimetric analysis was performed on a

        glass fibre-reinforced polyester resin aged in water at

        different temperatures. Data were compared for the dry

        and aged matrix and composites. The exposure of the resin

        and composite to water at different temperatures induced

        modifications in the mechanical properties and the

        morphology of the polymeric samples. The loss of low

        molecular weight components initially present in the

        resin, plays an important role in the embrittlement of

        the samples. (Author abstract)

  123.  Small-scale facade elements made from glass fibre

        reinforced concrete- polymer composite (in German)

        KURAN G.

        Kunststoffe im Bau, 1982, v17(3), 118-122.

        The 300 x 600 mm large, 6 mm thick facade sheets,

        factory-produced by repetitive operation, have higher

        flexural strength and impact strength than asbestos

        cement sheets whilst possessing minimum water absorption.

        They fulfil all practical requirements and those of the

        building supervision authorities. Their continuous rebate

        makes them easy to mount, the entire grid area for

        curtain walling being utilized. (English summary)

  124.  Mechanical Properties of Cement Mortar Plates Reinforced

        by Polypropylene Fibrillated Film and Polymer Emulsion

        OHGISHI S, ONO H

        Third International Congress on Polymers in Concrete,

        Proceedings May 13-15 1981, Koriyama, Japan; Organising

        Committee, 1982, Volume 1, 261-73.

        Investigates the composite effects of the kinds and

        shapes of fibre, fibre contents, and pressing loads upon

        the strength properties, deflection ability and toughness

        of cement mortar reinforced by alkali resistant glass

        fibre (ARG), polypropylene (PP) monofilament,

        PP-fibrillated film and polymer emulsion. PP-fibrillated

        film has remarkable powers to enlarge the flexural

        deflection and tensile elongation, but has a negative

        effect on strength. Among the four kinds of fibres

        examined, alkali resistant glass fibre was the most

        effective to increasing flexural, tensile and impacting

        resistant. (From author abstract)

  125.  Carbon Fiber Reinforced Polymer Concrete

        GUNASEKARAN M.

        Third International Congress on Polymers in Concrete,

        Proceedings May 13-15 1981, Koriyama, Japan; Organising

        Committee, 1982, Volume 1, 567-71.

        This paper discusses the merits of incorporating carbon

        fibres in polymer concrete and the advantages of

        hybridization to obtain composites with desirable

        properties for several new applications. Some preliminary

        data pertaining to the inclusion of pitch-based carbon

        fibres in polymer concrete containing special fillers are

        presented and discussed with respect to potential

        developments in this field. (From author abstract)

  126.  Mechanical properties of bamboo, a natural composite.

        LAKKAD S C, PATEL J M.

        Fibre Science and Technology, 1981, V14 (4) 319-322

        Suggests use of bamboo as a reinforcing material for

        plastics.

  127.  Forton PGRC. A many sided Construction Material

        JACOBS M.

        GRC81. GRC in the 80s. Proc. Int. Congress on Glass Fibre

        Reinforced

        Cement, Paris, 10-12 November 1981, pp 31-49.

        In polymer glass reinforced cement the properties of GRC

        and a polymer modified cement matrix are advantageously

        combined. The polymer addition provides the required

        durability for the glass-fibres in the composite, and a

        very important improvement of matrix properties is

        obtained. The properties of PGRC can be varied to a large

        measure, notably by variation of the polymer content and

        glass concentration. (From author abstract)

  128.  Structure Formation and Mechanical Activation of

        Composite Based on Cement Reinforced with

        Polymer-Protected Glass Fibre.

        GRANKOVSKII I G, GOLOSOVA L V , PASECHNIK G A

        Inorganic Materials, 1981, v17(6), 818-23.

        In layers of Portland cement bounding on

        polymer-protected glass fibre, there is a sharp decrease

        in the amount of free lime, and the hydrosilicate which

        form have enhanced resistance to hydrolytic decomposition

        with formation of calcium hydroxide. Vibration action in

        a certain stage of hardening leads to a marked rise in

        the physico-mechanical characteristics of Portland cement

        reinforced with polymer-protected glass fibre. (From

        conclusions)

  129.  Water sorption characteristics of GRP composite: effect

        of outdoor weathering.

        BLAGA A.

        National Research Council Canada

        NRCC 19018

        Division of Building Research

        DBR Paper No 955

        Ottawa, 1981, 5pp

        Reprinted from Polymer Composites, v2(1), January 1981,

        p13-17

        The complete sorption-desorption equilibrium isotherms

        determined  at 23 degrees C indicate that glass

        fibre-reinforced polymer (GRP) sheets weathered outdoors

        for three years absorb larger amounts of water vapour

        than the non-weathered sheets. Sorption and desorption

        kinetic results at 23 degrees C and two levels of

        relative pressure  show that the weathered sheets absorb

        water vapour at considerably higher rates than the

        non-weathered sheets. Larger amounts of  sorbed water,

        and faster sorption and desorption will result in

        respectively greater magnitudes and higher rates of

        dimensional  changes (swelling and shrinking). This

        accelerates the overall  effects of environmentally

        exerted stress-fatigue on the GRP composite. (From author

        abstract)

  130.  Non-destructive testing of composites

        PRAKASH R.

        Composites, 1980, v11(4), 217-24.

        A number of NDT techniques were evaluated for their

        applicability  to assess internal features such as voids,

        fibre volume fraction,  fibre wash or misoriented fibres,

        interlaminar and translaminar  cracks, lay-up orders,

        latent defects etc, in fibre-reinforced plastics

        composites. The NDT techniques employed included

        x-radiography, ultrasonics, eddy-current methods,

        photometry and x-ray diffractometer, and acoustic

        emissions. (From author abstract)

  131.  Load-Bearing Fibre Composites

        PIGGOTT M R

        Oxford,Pergamon Press,1980,277pp,6.25p

        Chapters on:-  3) Fibres,whiskers and platelets 4)

        Composite mechanics 5) Reinforcement processes 6) Failure

        processes 7) Failure at notches  8) Reinforcement with

        platelets  9) Reinforced polymers 10) Reinforced metals

        11) Reinforced ceramics,cements and plasters.

  132.  Effects of fiber length on the tensile strength of

        epoxy/glass fiber and polyester/glass fiber composites.

        MIWA M, OHSAWA T, TAHARA K

        J. of Applied Polymer Science, 1980,v25(5), 795-807

        In discontinuous fibre-reinforced composites, the shear

        strength fibre-matrix interface plays an important role

        in determining the reinforcing effect. A method was

        devised to accurately determine this shear strength,

        taking the strength distribution of glass fibre into

        consideration. Calculated strength values based on the

        shear strength obtained by the method were in better

        agreement with the experimental observations than those

        calculated by employing the shear strength obtained on

        the assumption that the fibre strength was uniform. The

        tensile strength of composites increases with increasing

        aspect ratio of the reinforcing fibres. (From author

        abstract)

  133.  The fracture of fibre-reinforced and polymer impregnated

        concretes.

        MINDESS S

        International J. of Cement Composites, 1980, v2(1), pp

        3-11.

        The literature on the applications of fracture mechanics

        to fibre  reinforced and polymer impregnated cements and

        concretes is  reviewed. The difficulty of applying linear

        elastic fracture mechanics to these systems is discussed.

        It is suggested that a  non-linear fracture mechanics

        criterion would be more suitable for describing the

        fracture process in these materials. (Author  abstract).

  134.  Glass Reinforced Plastics in Construction:Engineering

        Aspects.

        HOLLAWAY L

        Surrey University Press,1978,228pp,10.75p

        A discussion of the basic characteristics of fibre matrix

        composites,GRP components and methods for their

        fabrication. This is followed by a description of the

        mechanical properties of structural plastics and GRP

        composites including testing methods. In service

        properties such as strength,durability and methods of the

        fire testing are also discussed. The remainder of the

        book is devoted to methods of sandwich design and

        construction and the analysis and design of components

        and complete GRP structures of various kinds.

  135.  TEMPERATURE DEPENDENCE OF CRITICAL FIBER LENGTH FOR 
GLASS FIBER-REINFORCED THERMOSETTING RESINS

        OHSAWA T, NAKAYAMA A, MIWA M, ET AL.

        J. OF APPLIED POLYMER SCIENCE, 1978, V22 (11), 3203-12

        IN DISCONTINUOUS FIBER-REINFORCED COMPOSITES, THE

        CRITICAL FIBER LENGTH PLAYS AN ESSENTIAL ROLE IN

        DETERMINING THE MECHANICAL PROPERTIES.  A METHOD WAS

        DEVISED TO ACCURATELY DETERMINE THE CRITICAL FIBER 
LENGTH AND THE TEMPERATURE DEPENDENCE OF THE CRITICAL 
FIBER LENGTH WAS STUDIED FOR GLASS FIBER-EPOXY AND GLASS

        FIBER-UNSATURATED POLYESTER RESIN COMPOSITES.  IF A

        CONTINUOUS GLASS FIBER IS EMBEDDED IN THE MATRIX AND THE

        SYSTEM IS SUBJECTED TO A TENSILE STRAIN GREATER THAN THE

        FIBER ULTIMATE TENSILE STRAIN, THE FIBER BREAKS INTO MANY

        PIECES.  IF THE AVERAGE LENGTH OF THESE BROKEN PIECES (L)

        IS MEASURED, THE CRITICAL FIBER LENGTH (LC) IS EXPRESSED

        AS LC = 4/3L.  THE CRITICAL FIBER LENGTH GREATLY

        INCREASES WITH INCREASING TEMPERATURE AND THE APPARENT

        SHEAR STRENGTH AT THE INTERFACE, CALCULATED FROM THE

        CRITICAL FIBER LENGTH, DECREASES LINEARLY WITH INCREASING

        TEMPERATURE.  (AUTHOR ABSTRACT)

  136.  AXIAL FATIGUE FAILURE SEQUENCE AND MECHANISMS IN

        UNIDIRECTIONAL FIBERGLASS COMPOSITES

        KIM H C, EBERT L J.

        J. COMPOSITE MATERIALS, 1978, V12 (2), 139-52

        A STUDY WAS CONDUCTED TO DETERMINE THE FATIGUE FAILURE

        SEQUENCE AND MECHANISMS OF E-GLASS REINFORCED VINYL 
ESTER POLYMERS IN CYCLIC TENSION-TENSION AXIAL LOADING.  
FROM THE MEASUREMENT OF CHANGES IN MODULUS AND 
HYSTERESIS LOOP AREA, AND FROM MICROSTRUCTURAL 
CHANGES DURING THE FATIGUE CYCLING, IT WAS FOUND THAT 
THE ONSET OF FATIGUE DAMAGE IS CAUSED BY THE FIBER  
SURFACE FLAW PROPAGATIONS.  THESE FIBER SURFACE FLAWS 
THEN COALESCE TO PRODUCE FIBER SURFACE CRACKINGS 
WHICH IN TURN CREATE INTERFACE FAILURES.  AS THE FATIGUE 
CYCLING CONTINUES, THE INTERFACE  FAILURES INDUCE MATRIX 
CRACKS WHICH PROPAGATE IN BOTH TRANSVERSE AND SHEAR 
DIRECTIONS.  THE FATIGUE SPECIMEN WAS FOUND TO FAIL 
COMPLETELY BY THROUGH-DELAMINATION PARALLEL TO THE 
LOADING  DIRECTION.

  137.  EXPRESSIONS GOVERNING STRESS-STRAIN CURVES IN SHORT 
FIBRE REINFORCED POLYMERS

        PIGGOTT M R.

        JOURNAL OF MATERIALS SCIENCE 1978, V13 (8) 1709-16

        THE EARLIER THEORIES OF REINFORCEMENT FOR SHORT FIBRE

        REINFORCED COMPOSITES HAVE BEEN EXTENDED TO INCLUDE 
THE ESTIMATION OF STRAIN AS WELL AS STRESS.  THUS THE 
EFFECT ON THE STRESS-STRAIN CURVE OF VARIOUS 
PARAMETERS CAN BE ESTIMATED.  IT IS SHOWN THAT THE SHAPE 
OF THE STRESS-STRAIN CURVE IS STRONGLY DEPENDENT ON THE 
FIBRE ASPECT RATIO, WHILE BEING RELATIVELY LITTLE AFFECTED 
BY THE ADHESION BETWEEN FIBRES AND MATRIX.  THE 
COEFFICIENT OF  FRICTION HAS AN IMPORTANT EFFECT ON THE 
STRESS-STRAIN CURVE, AND SO ALSO DOES THE RESIDUAL 
RADIAL STRESS AT THE FIBRE-MATRIX INTERFACE.  (AUTHOR 
ABSTRACT)

  138.  LIGHTWEIGHT GLASS FIBRE REINFORCED CEMENT COMPOSITES -

        PART 2.

        WEST J M.

        Building Research Establishment Note no N(C) 35/78

        Garston, BRE, 1978, 12pp, tables & figs.

        GLASS FIBRE REINFORCED CEMENT (GRC) HAS BEEN MODIFIED BY

        THE ADDITION OF CENOSPHERES TO PRODUCE A LESS DENSE

        MATERIAL (GREC) WITH A SPECIFIC GRAVITY (SG) OF 0.8-1.4.

        TESTS ON VARIOUS FORMULATIONS OF THIS MATERIAL HAVE 
SHOWN THAT ITS SPECIFIC STRENGTH CAN BE SIMILAR TO THAT 
OF STANDARD GRC, BUT THAT THE DURABILITY UP TO ONE YEAR 
IS BETTER. THE PROPERTIES OF GRC ARE SIMILAR TO THOSE OF

        ASBESTOLUX AND WHEN POLYMER IMPREGNATED THE 
PROPERTIES ARE SIMILAR TO CHIPBOARD BUT THE COST OF 
MATERIAL AND THE WORK INVOLVED IN MANUFACTURE IS MUCH 
GREATER FOR POLYMER IMPREGNATION. TESTS NORMALLY USED 
TO MEASURE THE PERFORMANCE OF CHIPBOARD, HAVE ALSO 
BEEN APPLIED TO THESE LIGHTWEIGHT COMPOSITE BOARDS, 
INCLUDING IMPACT AND SCREW TESTS. THE POLYMER 
IMPREGNATED GREC IS COVERED BY A PATENT.

  139.  SHORT TERM MECHANICAL TESTING OF GLASS FIBRE REINFORCED PLASTICS

        HANCOX N L.

        TESTING AND TEST METHODS OF FIBRE CEMENT COMPOSITES,

        RILEM SYMPOSIUM 1978; LANCASTER, CONSTRUCTION PRESS, 
1978, 23-34 

        A SET OF SHORT TERM MECHANICAL TESTS FOR UNIDIRECTIONAL

        GLASS FIBRE REINFORCED PLASTICS IS CONSIDERED.  TESTS

        INCLUDE THE MEASUREMENT OF FLEXURAL PROPERTIES,

        LONGITUDINAL AND TRANSVERSE TENSILE AND COMPRESSIVE

        MODULI AND STRENGTHS, SHEAR STRENGTH AND MODULUS, AND

        WORK OF FRACTURE AND IMPACT PERFORMANCE.  APART FROM 
THE GEOMETRY OF THE TEST SPECIMEN IT IS ALSO NECESSARY 
TO TAKE INTO ACCOUNT THE FIBRE VOLUME LOADING AND

        ORIENTATION, AND PRESENCE OF VOIDS, BEFORE A PROPERTY 
CAN BE SPECIFIED WITH ANY CERTAINTY.  (FROM AUTHOR 
ABSTRACT)   

  140.  THE EFFECT OF FIBRE DIAMETER ON THE STRENGTH AND

        STIFFNESS OF GLASS FIBRE REINFORCED POLYMERIC RESINS

        THOMAS W F.

        FIBRE REINFORCED MATERIALS.  PROC. CONF. INST. CIVIL

        ENGINEERS,

        LONDON, 1977, 57-61 PAPER 7.

        THE MEAN TENSILE BREAKING STRENGTHS OF COMPOSITES

        INCREASE WITH DECREASE IN FIBRE DIAMETER AND AT THE 
LOWER END OF THE RANGE OF DIAMETERS, THE MEAN BREAKING 
STRESS IN THE GLASS APPROACHES 3.6 GN/SQ.M, A VALUE 
GENERALLY ACCEPTED AS THE STRENGTH OF FRESHLY 
PRODUCED UNDAMAGED GLASS FIBRES.  THE STIFFNESS OF 
COMPOSITES HAS BEEN DETERMINED IN TENSION AND BENDING 
AND, OVER THE RANGE OF FIBRE DIAMETERS AVAILABLE, THE 
STIFFNESS APPEARS TO BE INDEPENDENT OF FIBRE DIAMETER. 
(FROM AUTHOR ABSTRACT).

  141.  International Symposium. The weathering of plastics and

        rubber. 8 and 9 June 1976 at the Institution of

        Electrical Engineers.

        CROWDER J R, (CHAIRMAN)
        Plastics and Rubber Institute

        London, The Institute, 1976, numerous pp.

        Includes the following papers: Irradiance, temperature

        and humidity in artificial weathering devices, P

        Trubiroha; Controlling UV irradiants from xenon arc

        lamps, R A Kinmonth and J E Norton; Recommended

        procedures for the effective study of the natural

        weathering behaviour of plastics, E Kay; Some

        observations on the correlation between natural and

        artificial weathering, R Oakley; Study of the weathering

        and durability of glass reinforced polyesters, R Cope and

        Ph Eurin; Deterioration of fibre composite materials in

        adverse environments, J H Martin et al; Techniques for

        predicting the weathering performance of rigid PVC, G

        Butters and G C Marks; The prediction of PVC weathering,

        J C Marechal and Ph Eurin; Weathering of plastics under

        stress, C Probert, J F Norris and J R Crowder; Ageing of

        polychloroprene used for gaskets in building, J L

        Chevalier et al; Coatings for weathered plastics, P

        Whiteley and D Gardiner; The durability of plastics in

        building, T P R Lant; Weathering performance of

        reinforced polyesters in building, G M Clarke.

  142.  A review of the science of fibre reinforced plastics.

        MCCRUM N G.

        Department of Trade and Industry, Ministry of Defence,

        Joint Services Non-metallic Research Board

        London, HMSO, 1971, 140pp.

        Glass fibre, composite.

  143.  Polyblends and composites. A symposium sponsored by the

        Polytechnic Inst. of Brooklyn, held June 6-7, 1969.

        BRUINS P, (EDITOR).
        Applied Polymer Symposia No. 15

        New York, Interscience/John Wiley, 1970, 292pp.

        Conference, fibre, reinforced plastics, honeycomb.

  144.  Fibre reinforced materials: a preliminary survey of

        design aspects.

        DUNBAR J L.
        Atomic Weapons Research Establishment, Report No. 0

        77/70.

        London, HMSO, 1970, 125pp. 0.85P

        Composite, mechanical properties, force, deformation,

        strength, orientation, fracture, glass, ceramic,

        plastics, failure, carbon, shear, tension, compression.

  145.  Carbon fibres: their composites and applications.

        Proceedings of the International Conference held by the

        Plastics Institute in London 2-4 February 1971. (Plastics

        & Polymers Conference Supplement No 5)

        MOUNTIFIELD J, CHAIRMAN.

        International Conference on Carbon Fibres

        London, Plastics Institute, (1972), 375pp. 8.00P

        Production methods, structure, mechanical properties,

        reinforcement, reinforced plastics, measuring/testing,

        book.

  146.  Research projects 3: papers from the RPG Conference, held

        at the Scientific Societies Lecture Theatre, London, 10

        November 1971.

        (Note: No paper 6 included).

        London, Plastics Institute, (1971)

        Reinforced plastics, matrix, reaction, shear, composite,

        glass fibre, carbon.

  147.  The dynamic properties of fibre reinforced plastic beams.

        WRIGHT G C.

        University of Southampton Institute of Sound and

        Vibration

        Research Technical Report No. 51

        Southampton, the Univ., September 1971, 40pp.

        Polyesters, bending, vibration, composites, measuring,

        frequency, glass fibre, carbon fibre, epoxy plastics.

  148.  Proceedings of the 8th Reinforced plastics conference,

        Brighton 10-12 October 1972.
        British Plastics Federation, Reinforced Plastics Group

        London, BPF, 1972.

        Composite, polyester plastics, glass fibre, building

        materials, mechanical properties.

  149.  Acoustic emission from composite materials (For

        submission to 2nd ASTM Conference on composite materials,

        Anaheim, California, April 20-22, 1971).

        LIPTAI R G.

        Conference on Composite Materials

        University of California Lawrence Radiation Laboratory

        Livemore, the Univ., 1971, 14pp.

        Sound, force, vibration, deformation, glass fibre,

        reinforced plastics, measuring.

  150.  Advanced engineering materials based on fibre

        reinforcement.

        PATON W.

        Reprinted from the Trans. of the Institution of Engineers

        and

        Shipbuilders in Scotland, 1972, 192-233

        Glasgow, the Institution, 1972, 41pp.

        Fibre reinforcement, composites, plastics, metal, matrix,

        ceramics, structure, strength, mechanical properties,

        uniformity.

  151.  Fibre composites in engineering.

        PATON W, ET AL.

        National Engineering Laboratory Reprint No 63/1 Glasgow,

        NEL, 1963, 14pp.

  152.  IMPROVING THE IMPACT RESISTANCE OF GLASS-FIBRE

        COMPOSITES.

        WRZESIEN A.

        COMPOSITES, 1972, 3(4), 172-4.

        GLASS-FIBRE/EPOXIDE-RESIN TEST PLATES REINFORCED WITH

        WIRE SHEET WERE IMPACT TESTED USING A HIGH VELOCITY AIR

        GUN AT THE SHIRLEY INSTITUTE. THE WIRE REINFORCEMENT WAS

        SHOWN TO GIVE A SIGNIFICANT IMPROVEMENT OF THE 
COMPOSITE IMPACT RESISTANCE AND BETTER DAMAGE 
CONTAINMENT. - AUTHOR

        ABSTRACT. COMPOSITE,GLASS FIBRE,EPOXY

        PLASTICS,REINFORCEMENT,WIRE,SHEET, IMPACT,MEASURING

  153.  PRINCIPLES OF OPTIMIZING MULTI-LAYER COMPOSITES OF

        FIBRE-REINFORCED MATERIALS. PART 1: OPTIMIZATION RULES.

        PART 2: DEFORMATION BEHAVIOUR ... UNDER PLANAR LOAD.

        FORSTER R.

        KUNSTSTOFFE, 1972, 62(1), 24; 57-62; (3) 16-18; 181-6;

        (IN ENGLISH AND GERMAN).

        STARTING FROM THE OPTIMUM FIBRE ORIENTATION OF

        UNIDIRECTIONAL INDIVIDUAL LAYERS OF FIBRE-REINFORCED

        MATERIALS UNDER CONDITIONS OF EVEN STRESS, SIMPLE

        OPTIMIZATION RELATIONS ARE DERIVED WHICH APPLY TO BOTH

        FIBRE FAILURE, AND INTER-FIBRE FAILURE. THE DEGREE OF

        FIBRE ORIENTATION AND THICKNESSES OF INDIVIDUAL LAYERS

        CAN BE OBTAINED FROM THE PERMISSIBLE STRESSES WITHIN THE

        COMPOSITE. THE RELATIONS ARE APPLIED TO DIFFERENT KINDS

        OF LOADS AND TESTED BY THE NON-LINEAR, ITERATIVE PROCESS

        FOR LAMINAR FRACTURE ANALYSIS. THE STRENGTH VALUES FOR

        COMPOSITES THUS OPTIMIZED ARE GENERALLY LESS THAN 15%

        BELOW THE OPTIMUM VALUES CALCULATED BY NON-LINEAR

        METHODS. OPTIMIZATION OF STRENGTH AND DEFORMATION

        CHARACTERISTICS IS ONLY POSSIBLE USING NON-LINEAR

        METHODS. - FROM ENGLISH SUMMARY.

        
COMPOSITE,FIBRE,REINFORCEMENT,CALCULATION,FAILURE,STRE
NGT

        H, FORCE,DEFORMATION,REINFORCED PLASTICS

  154.  EFFECT OF SURFACE SOFTENING ON THE TENSILE STRENGTH OF

        MECHANICALLY GRIPPED FIBREGLASS RODS.

        REIFSNIDER K L, KELLEY C E.

        J. OF MATERIALS, 1972, 7 (1), 55-56

        IT WOULD BE DESIRABLE TO GRIP FIBREGLASS RODS

        MECHANICALLY SO THAT THEY COULD BE USED TO PRESTRESS

        CONCRETE BEAMS. IMPROVEMENT IN GRIP DESIGN AND USE OF

        SCRIM CLOTH AND RESIN BUILDUP HELP, BUT A SIMPLER, MORE

        ECONOMICAL SYSTEM WOULD BE PREFERABLE. FIBREGLASS RODS

        GRIPPED BY COMMERCIAL UNIVERSAL CABLE CLAMPS WERE 
TREATED WITH SEVERAL CHEMICALS INCLUDING 
DIMETHYLFORMAMIDE AND TETRAHYDROFURAN. SOFTENING OF 
THE EPOXY OVERLAYER ALLOWED THE SERRATIONS OF THE 
GRIPS TO PENETRATE, INCREASING APPARENT STATIC TENSILE 
STRENGTH BY UP TO 27%. THE POSSIBILITY OF CONTROLLING THE 
INITIATION OF SURFACE CRACKS DUE TO STRESS 
CONCENTRATIONS BY THIS METHOD ARE ALSO INDICATED. GLASS 
FIBRE,EPOXY PLASTICS,COMPOSITE,REINFORCEMENT,BAR, 
PRESTRESSED CONCRETE,SOLVENT,SURFACE 
TREATMENT,TENSION,STRENGTH, FRACTURE

  155.  Weathering study of glass-fiber reinforced polyester

        sheets by scanning electron microscopy.

        BLAGA A.

        National Research Council Canada (NRCC) - Division of

        Building Research

        Reprinted from Polymer Engineering and Science, 1972, v12

        (1), 53-58

        Ottawa, NRCC, 1972.

        EVIDENCE IS PRESENTED OF THE MAIN STEPS IN THE PHYSICAL

        BREAKDOWN OF GLASS-FIBRE REINFORCED POLYESTER (GRP) ON

        OUTDOOR WEATHERING. THE CHRONOLOGICAL SEQUENCE IS 
FIBRE RIDGING, RUPTURE OF THE RESIN LAYER COVERING 
RIDGING FIBRES OR FIBRES CLOSE TO THE SURFACE, SPALLING 
OF THE RESIN AT THE SITE OF FAILURE AND SUBSEQUENT 
EROSION, FIBRE PROMINENCE, AND FORMATION OF A NETWORK 
OF MICROCRACKS. BREAKDOWN IS BELIEVED TO BE CAUSED BY A 
TYPE OF STRESS FATIGUE IMPOSED ON THE COMPOSITE BY 
CYCLIC VARIATION OF HUMIDITY AND TEMPERATURE IN 
CONJUNCTION WITH SOLAR RADIATION, AND BY THE ACTION OF 
WATER AND OXYGEN.

        THE UNDER-SIDE SHOWS ONLY INCIPIENT BREAKDOWN, 
INDICATING THAT SOLAR RADIATION IS AN IMPORTANT FACTOR.

        COUNTERMEASURES SUGGESTED TO REDUCE BREAKDOWN 
INCLUDE TECHNIQUES TO KEEP FIBRES AWAY FROM THE 
SURFACE, USE OF RESINS WITH BETTER THERMAL AND MOISTURE 
CHARACTERISTICS, AND GOOD LIGHT STABILITY. - FROM AUTHOR 
ABSTRACT.

  156.  COMPRESSIVE FATIGUE IN FIBRE REINFORCED MATERIALS.

        BERG C A, SALAMA M.

        J. OF MATERIALS, 1972, 7(2), 216-30.

        DIRECT OBSERVATIONS OF PRE-NOTCHED SPECIMENS OF

        UNI-DIRECTIONAL FIBRE REINFORCED EPOXY MATERIALS

        SUBJECTED TO CYCLIC COMPRESSION SHOW THAT FATIGUE

        CRACKING EXTENDS AT RIGHT ANGLES TO THE FIBRES AT LOW

        AVERAGE STRESS LEVELS. THE PARAMETERS GOVERNING THE 
STATE OF DEFORMATION AT THE TIP OF AN EXTENDING NOTCH, 
AND THEIR ROLE IN GOVERNING THE RATE OF NOTCH EXTENSION, 
ARE DISCUSSED. FRACTURE MECHANICS IS USED TO DESCRIBE

        COMPRESSIVE FATIGUE. THE IMPLICATIONS OF COMPRESSIVE

        FATIGUE IN DESIGN CONSIDERATIONS ARE CONSIDERED, AS IS

        THE USE OF PERIODIC TENSILE LOAD EXCURSIONS TO PROLONG

        FATIGUE LIFE. - AUTHOR ABSTRACT. COMPOSITE,FIBRE,EPOXY

        PLASTICS,REINFORCED PLASTICS,CYCLIC TESTING,

        FATIGUE,DEFORMATION,NOTCH EFFECT,FRACTURE

  157.  THE SIGNIFICANCE OF MICRODAMAGE IN GLASS-REINFORCED

        PLASTICS AT MACROSCOPIC STRESS CONCENTRATORS.

        OWEN M J, BISHOP P T.

        J. OF PHYSICS D : APPLIED PHYSICS, 1972, 5(9), 1621-36

        TANGENTIAL EDGE STRESS DISTRIBUTIONS FOR ORTHOTROPIC

        PLATES CONTAINING HOLES WERE COMPUTED FOR VARIOUS

        ORIENTATIONS OF THE PRINCIPAL MATERIAL AXES WITH RESPECT

        TO LOAD. THE RESULTS WERE COMPARED WITH MATERIAL 
STRENGTH DISTRIBUTIONS TO PREDICT FAILURE IN VARIOUS GRP

        LAMINATES. ELASTIC STRESS DISTRIBUTIONS CAN BE USED TO

        PREDICT THE POSITION AND REMOTE STRESS LEVEL FOR THE

        ONSET OF DEBONDING BETWEEN MATRIX AND FIBRES WITH

        REASONABLE ACCURACY. THE STRESS CONCENTRATOR IS 
ALMOST FULLY EFFECTIVE AT THIS STAGE BUT BECOMES LESS 
EFFECTIVE AT MORE ADVANCED STATES OF DAMAGE. AN 
EXAMINATION OF LARGE SPECIMENS REVEALED A SUBSTANTIAL 
ADVERSE SIZE EFFECT. IT IS SUGGESTED THAT THE ONSET OF 
DEBONDING FORMS A SUITABLE BASIS FOR DESIGN AND THAT A 
FURTHER EXAMINATION OF SIZE EFFECTS IS REQUIRED. - AUTHOR

        ABSTRACT. GLASS FIBRE,REINFORCED

        PLASTICS,FAILURE,FORCE,SHEET,STRENGTH,

        
COMPOSITE,ELASTICITY,MATRIX,ADHESION,MEASURING,CALCULAT
IO

        N, POLYESTER PL.,

  158.  COUPLED GLASS-FIBRE/POLYPROPYLENE COMPOSITE - AN INITIAL EVALUATION.

        RICHARDS R W, SIMS D.

        COMPOSITES, 1972, 3 (4), 168-71

        A PRELIMINARY EXAMINATION OF THE OPTIMUM MOULDING

        CONDITIONS, PROPERTIES AND AGEING BEHAVIOUR OF THE

        RECENTLY ANNOUNCED COUPLED GLASS-FIBRE/POLYPROPYLENE

        COMPOSITE HAS BEEN CARRIED OUT. THESE INITIAL RESULTS

        SUGGEST THAT THIS MATERIAL WILL BE A VALUABLE ADDITION TO

        THE FILLED POLYPROPYLENE RANGE IN APPLICATIONS FOR WHICH

        THE PROPERTIES OF PREVIOUSLY AVAILABLE MATERIALS WERE

        INADEQUATE. STRENGTH CHANGES ARE SHOWN FOR SAMPLES 
TESTED OUT OF DOORS AND IN A CLIMATEST WEATHERING 
CHAMBER. -

        FROM AUTHOR ABSTRACT COMPOSITE,GLASS FIBRE,REINFORCED

        PLASTICS,POLYPROPYLENE,WEATHERING, STRENGTH,C1I2T3

  159.  THE FRACTURE ENERGY OF A GLASS FIBRE COMPOSITE.

        BEAUMONT P W R, PHILLIPS D C.

        J. OF MATERIALS, 1972, 7 (6), 682-6

        THE FRACTURE ENERGY OF A GLASS-FIBRE/POLYESTER 
COMPOSITE HAS BEEN MEASURED BY WORK OF FRACTURE (W) 
MEASUREMENTS ON BENDING BEAMS, AND BY OBTAINING THE 
FRACTURE SURFACE ENERGY (E) BY LINEAR ELASTIC ANALYSES 
OF THE BEAMS AND OF EDGE-NOTCHED TENSILE PLATES. FOR THE 
BEND SPECIMENS E W, W WAS DEPENDENT ON STRAIN RATE, BUT 
E WAS NOT. IT IS POSTULATED THAT E IS DETERMINED BY A 
DEBONDING MECHANISM, WHILST W IS THE SUM OF A DEBONDING 
MECHANISM AND A PULL-OUT CONTRIBUTION. IN THE EDGE-
NOTCHED PLATE TESTS, E OBTAINED FROM THICK PLATES WAS 
LESS THAN THAT FROM SIDE-GROOVED PLATES, AND IN EACH 
CASE IT DEPENDED ON CRACK SIZE. - FROM AUTHOR ABSTRACT.

        GLASS-FIBRE,REINFORCED

        PLASTICS,POLYESTER,COMPOSITE,FRACTURE,

        BENDING,BEAM,ELASTICITY,MEASURING,CALCULATION,NOTCH

        EFFECT,SHEET

  160.  CONCRETE REINFORCED WITH POLYPROPYLENE FIBRES.

        ZONSFELD J J.

        PRECAST CONCRETE, 1972, 3 (9), 533-6

        DESCRIBES A SUBSTANTIAL DEVELOPMENT IN THIS FIELD CALLED

        THE 'CARICRETE' PROCESS IN WHICH FIBRILLATED

        POLYPROPYLENE FIBRES ARE EMPLOYED. OUTLINES THE

        BACKGROUND AND TECHNIQUE INVOLVED AND GIVES DETAILS OF

        TEST RESULTS OBTAINED. INCLUDES INFORMATION ABSTRACTED

        FROM 'CARICRETE' - POLYPROPYLENE FIBRES IN CONCRETE'

        PREPARED BY THE SHELL INTERNATIONAL CHEMICAL CO LTD., THE

        PATENTEES OF THE PROCESS, AND A PAPER ENTITLED 'THE

        MARRIAGE OF CONCRETE AND PLASTICS' BY J J ZONSVELD WHICH

        FIRST APPEARED IN THE JOURNAL 'PLASTICA'.

        CONCRETE,POLYPROPYLENE,FIBRE,REINFORCEMENT,COMPOSITE,C1R2

        E3

  161.  MECHANISM OF CREEP OF GRP

        DIGGWA A D S.

        PLASTICS AND POLYMERS. 1972, 40 (149), 263-76.

        THE MECHANISM OF FLEXURAL CREEP OF GLASS-REINFORCED 
EPOXY AND POLYESTER LAMINATES WAS STUDIED (PRINCIPALLY 
IN WATER AT 30 DEGREES) AT BETWEEN 31-60% OF THE ULTIMATE 
FLEXURAL STRENGTH. IT IS SHOWN THAT THE CREEP CURVE FOR 
A CLOTH LAMINATE CONSISTS OF A PRIMARY PORTION OF 
DECREASING CREEP RATE, AND A SECONDARY PORTION OF 
INCREASING RATE  LEADING TO COMPLETE FRACTURE.

        BENDING,CREEP,STRENGTH,FRACTURE,RATE,GLASS FIBRE,

        REINFORCED PLASTICS,POLYESTER PLASTICS,EPOXY

        PLASTICS,COMPOSITE,

  162.  BEHAVIOUR OF COUPLES OF ALUMINIUM AND PLASTICS REINFORCED WITH CARBON FIBRE IN AQUEOUS SALT SOLUTIONS.

        BROWN A R G, COOMBER D E.

        BRITISH CORROSION J., 1972, 7 (5), 232-5

        REACTION POTENTIAL MEASUREMENTS WERE MADE ON A RANGE 
OF CARBON FIBRE REINFORCED PLASTIC (CFRP) MATERIALS IN

        AQUEOUS CHLORIDE SOLUTIONS. IN 5% AQUEOUS NACL THE CFRP

        SLOWLY REACHED AN EQUILIBRIUM POTENTIAL OF ABOUT 300 MV

        POSITIVE TO A SATURATED CALOMEL ELECTRODE; NO 
CORRELATION OF POTENTIAL WITH THE TYPE OF CARBON FIBRE 
OR RESIN MATRIX OF THE CFRP WAS FOUND. THE POTENTIAL OF 
ALUMINIUM IS ABOUT 600-700 MV NEGATIVE TO A SATURATED 
CALOMEL ELECTRODE. FOR CFRP - ALUMINIUM ALLOY COUPLES

        POLARIZATION OCCURRED ALMOST EXCLUSIVELY AT THE CFRP

        WHICH ACTS AS AN OXYGEN ELECTRODE, AND THE RATE OF 
ATTACK ON THE ALUMINIUM IS PROPORTIONAL TO THE OXYGEN

        CONCENTRATION IN THE ELECTROLYTE. 
CARBON,FIBRE,REINFORCED    PLASTICS,COMPOSITE,ALUMINIUM,ELECTROMOTIVE

        FORCE,ELECTROCHEMISTRY,OXYGEN,RATE,CHLORIDE,POLARIZATION

  163.  IMPROVEMENTS IN THE TRANSVERSE PROPERTIES OF COMPOSITES.

        PART 1, FRACTURE SURFACE ENERGY AND MECHANISM OF

        TRANSVERSE FRACTURE IN GLASS FIBRE COMPOSITES.

        MAROM G, WHITE E F T.

        J. OF MATERIALS SCIENCE, 1972, 7(11), 1299-1307.

        FRACTURE SURFACE ENERGIES OF INITIATION (GAMMA IC) FOR A

        TRANSVERSE FRACTURE PROCESS IN GLASS-REINFORCED EPOXY

        COMPOSITES WERE MEASURED, THE RESULTS CALCULATED BY 
THREE DIFFERENT TREATMENTS, AND COMPARED WITH THE 
AVERAGE FRACTURE SURFACE ENERGIES (GAMMA FC) FOR THE 
COMPLETE FRACTURE PROCESS. CHANGES IN THESE TWO 
FRACTURE PROPERTIES WERE STUDIED AS A FUNCTION OF THE 
VOLUME FRACTION OF THE FIBRES, AND THE RELATION BETWEEN 
THE SURFACE ENERGIES WAS ESTABLISHED AS A FACTOR WHICH

        DETERMINES THE NATURE OF THE FRACTURE PROCESS. WHEN 
GAMMA IC-GAMMA FC>O A CATASTROPHIC FAILURE IS EXPECTED, 
WHEREAS  A CONTROLLED FRACTURE IS OBSERVED FOR GAMMA 
IC-GAMMA FC


O. - AUTHOR ABSTRACT. FRACTURE,SURFACE,GLASS

        FIBRE,REINFORCED PLASTICS,EPOXY PLASTICS,

        COMPOSITE,FAILURE,CALCULATION,STRENGTH,BENDING,MEASURING/

        TESTING

  164.  The properties of fibre composites.

        National Physical Laboratory (NPL)

        Proceedings of Conference held at the National Physical

        Laboratory, 4 Nov. 1971

        Guildford, IPC Press Ltd., 1971, 90pp., 5.00P.

        THE CONFERENCE WAS ORGANIZED TO PROMULGATE IMPORTANT

        TECHNICAL RESULTS EMERGING FROM FOUR YEARS OF 
RESEARCH ON FIBROUS COMPOSITES AT NPL, AND RECENT WORK 
BY OTHER INVESTIGATORS. PAPERS ON THE EFFECT OF 
MICROSTRUCTURAL PARAMETERS ON MECHANICAL PROPERTIES, 
AND SINGLE AND MULTIPLE FRACTURE, ARE FOLLOWED BY 
CONTRIBUTIONS DEALING WITH BUILDING MATERIALS, AND SHORT-
FIBRE AND DUPLEX-FIBRE COMPOSITES. FURTHER PAPERS COVER 
CREEP, BOTH EMPIRICALLY AND THEORETICALLY, AND 
REINFORCED PLASTICS AND CERAMICS.

        THE VARIOUS THEORETICAL APPROACHES CONCERNING THE

        POTENTIAL STRENGTH OF DISCONTINUOUSLY REINFORCED

        COMPOSITES ARE ANALYZED AND COMPARED.

  165.  BOND DEGRADATION BY LIQUIDS.

        STONE M H.

        COMPOSITES, 1970, 1 (3), 164-6

        A TEST TO DETECT THE FORMATION OF A LAYER OF DISPLACING

        LIQUID, WHICH ATTACKS AN ADHESIVE BOND, IN THIS CASE

        BETWEEN PLASTIC AND A REINFORCING GLASS FIBRE, IS

        SUGGESTED. THE ELECTRICAL CONDUCTANCE IN THE STRAND

        DIRECTION IS MEASURED AGAINST TIME. IN GRP ATTACKED BY

        WATER, THE DEBONDED INTERFACES SEPARATE TO GIVE AN

        ANNULAR GAP AROUND EACH FILAMENT, WHICH FILLS WITH 
WATER. THE APPLICATION, DEVELOPMENT, AND COST OF THE 
TEST ARE CONSIDERED. ADHESION/BOND,DECOMPOSITION,GLASS

        FIBRE,REINFORCED PLASTICS,

        MEASURING/TESTING,LIQUID,WATER.

  166.  THE ROTATING CANTILEVER FATIGUE TEST.

        PULLEN W J.

        COMPOSITES, 1970, 1 (4), 239-41.

        THE APPARATUS IS USED TO PROVIDE DATA ON THE BEHAVIOUR

        UNDER CYCLIC STRESSING OF COMPOSITES AND FIBRE 
REINFORCED POLYMERS. REINFORCED

        PLASTICS,MEASURING/TESTING,COMPOSITE,FATIGUE,FIBRE,

        FORCE,APPARATUS

  167.  MEASUREMENT OF THE ELASTIC CONSTANTS OF FIBRE COMPOSITES

        BY ULTRASONICS.

        MARKHAM M F.

        COMPOSITES, 1970, 1 (3), 145-9.

        THE PRINCIPLE OF ULTRASONIC PULSE TRANSMISSION IS APPLIED

        TO THE MEASUREMENT OF ELASTIC PROPERTIES OF COMPOSITE

        MATERIALS CONTAINING UNIAXIALLY ALIGNED FIBRES. BY

        MOUNTING THE SAMPLE ON A TURNTABLE THE LONGITUDINAL AND

        SHEAR WAVE VELOCITIES FOR DIFFERENT DIRECTIONS CAN BE

        MEASURED, AND THE ANISOTROPY DERIVED.

        ELASTICITY,REINFORCED

        PLASTICS,MEASURING/TESTING,ULTRASONIC,FIBRE, COMPOSITE

  168.  FATIGUE TESTING OF FIBRE REINFORCED PLASTICS.

        OWEN M J.

        COMPOSITES, 1970, v1(6), 346-55

        FIBRE REINFORCED PLASTICS SUFFER FATIGUE FAILURES IN A

        MACROSCOPICALLY SIMILAR MANNER TO METALS. ALTHOUGH THE

        STANDARD WAS DEVISED FOR METALS, IT IS POSSIBLE TO APPLY

        MANY OF THE PROVISIONS OF BS 3518 'METHODS OF FATIGUE

        TESTING' TO REINFORCED PLASTICS, ESPECIALLY THOSE

        RELATING TO DEFINITIONS, PRESENTATION OF DATA, DIRECT

        STRESS TESTING, AND STATISTICAL ANALYSIS. - AUTHOR

        ABSTRACT.

  169.  DEFORMATIONAL CHARACTERISTICS OF UNIDIRECTIONAL GLASS

        EPOXY COMPOSITES IN FLEXURE.

        LAVENGOOD R E, ISHAI O.
        J. OF MATERIALS, 1970, 5(3), 684-97.

        UNIDIRECTIONAL COMPOSITES WITH BOTH DUCTILE AND

        RELATIVELY BRITTLE MATRICES ARE EVALUATED IN FLEXURE.

        SHEAR COUPLING EFFECTS ARE SHOWN TO INCREASE THE 
APPARENT STIFFNESS OF OFF-AXIS SPECIMENS HAVING A LOW

        SPAN-TO-WIDTH RATIO; HOWEVER, IN PROPERLY DESIGNED 
TESTS, THESE EFFECTS ARE NEGLIGIBLE, AND THE 
EXPERIMENTALLY DETERMINED MODULI OF BOTH COMPOSITES 
AGREE WITH STIFFNESS TRANSFORMATIONS DEVELOPED FOR 
MORE BASIC STATES OF STRESS. THE OFF-AXIS DEFORMATIONAL 
CHARACTERISTICS STRONGLY DEPEND ON THE PROPERTIES OF 
THE MATRIX. IN THIS ORIENTATION RANGE BOTH THE ULTIMATE 
STRAIN AND SPECIFIC TOUGHNESS CAN BE DOUBLED THROUGH 
USE OF DUCTILE MATRICES.

        - AUTHOR ABSTRACT. COMPOSITE,GLASS,FIBRE,EPOXY

        PLASTICS,DEFORMATION,SHEAR,FORCE,

        ELASTICITY,FRACTURE,BRITTLE

        FRACTURE,MEASURING/TESTING,BENDING, REINFORCED 
PLASTICS.

  170.  THE DEFORMATION CHARACTERISTICS OF COMPOSITE MATERIALS MADE FROM GLASS-FIBRE REINFORCED THERMOSETS AND RIGID

        FOAMS UNDER STATIC LOADS.

        LUSSMANN W.

        KUNSTSTOFFE, 1970, 60(12), 997-1004;

        (IN GERMAN WITH ENGLISH SUMMARY).

        AFTER A SURVEY OF THE DEVELOPMENT OF COMPOSITES 
(SANDWICH MATERIALS), INDIVIDUAL APPLICATION EXAMPLES ARE 
LISTED.   SINCE A KNOWLEDGE OF THE MECHANICAL CONSTANTS 
OF BOTH THE CORE MATERIALS AS WELL AS OF THE SURFACING 
LAYERS IS ESSENTIAL FOR EVALUATING THE DEFORMATION 
CHARACTERISTICS OF COMPOSITE SHEETS, PARTICULAR 
ATTENTION IS HERE PAID TO THE MECHANICAL SHORT-TERM 
PROPERTIES OF FOAMS, WHILST THE CONSTANTS OF THE GRP 
SURFACING LAYERS ARE GIVEN IN TABULAR FORM. USING SOME 
SELECTED LOADING EXAMPLES, THE PROBLEM OF DEFORMATION 
CHARACTERISTICS OF THESE COMPOSITE MATERIALS IS 
ILLUSTRATED THEORETICALLY AND EXPERIMENTAL RESULTS 
SHOWN. - AUTHOR ABSTRACT.

        COMPOSITE,SHEET,CELLULAR,PLASTICS,THERMOSETTING 
PL.,MECH

        PROPS, ELASTICITY,DEFORMATION

  171.  STRENGTH AND FRACTURE TOUGHNESS OF CARBON FIBRE POLYESTER COMPOSITES.

        HARRIS B, BEAUMONT P W R, DE FERRAN MONCUNILL E.

        J. OF MATERIALS SCIENCE, 1971, 6 (3), 238-51.

        CARBON FIBRES WERE SURFACE-TREATED IN SEVERAL WAYS SO 
AS TO VARY THE INTERLAMINAR SHEAR STRENGTH OF THE

        COMPOSITES, AND THE EFFECT OF THE VARIATION ON THE WORK

        OF FRACTURE WAS DETERMINED BY CHARPY V-NOTCH IMPACT 
TESTS AND SLOW THREE-POINT BEND TESTS ON NOTCHED 
SPECIMENS OF TRIANGULAR CROSS-SECTION. THE FRACTURED 
SURFACES WERE ALSO EXAMINED BY SCANNING ELECTRON 
MICROSCOPY. THE EFFECT OF MOISTURE (EXPOSURE TO STEAM) 
WAS STUDIED. IMPROVEMENT OF THE FIBRE/RESIN BOND RESULTS 
IN AN INCREASE IN THE BRITTLENESS OF COMPOSITES AND IT 
APPEARS THAT A PURELY MECHANICAL BOND IS LESS PROOF 
AGAINST DETERIORATION IN A HUMID ATMOSPHERE THAN A 
CHEMICAL BOND. ESTIMATES OF THE MAGNITUDE OF VARIOUS 
CONTRIBUTIONS TO THE TOTAL WORK OF FRACTURE ARE MADE. - 
FROM AUTHOR ABSTRACT.

        CARBON,FIBRE,REINFORCED PLASTICS,POLYESTER

        PLASTICS,STRENGTH, BENDING,IMPACT,FRACTURE,BRITTLE

        FRACTURE,ADHESION/BOND,MOISTURE, 
ELECTRONIC,MICROSCOPE.

  172.  GLASS-FILLED THERMOPLASTICS - EFFECTS OF GLASS VARIABLES AND PROCESSING ON PROPERTIES.

        RICHARDS R W, SIMS D.

        COMPOSITES, 1971, 2 (4), 214-20

        THE EFFECT OF GLASS VARIABLES (DIAMETER, SIZE CONTENT,

        ETC) ON THE MECHANICAL PROPERTIES OF GLASS-FILLED

        MATERIALS HAS BEEN DETERMINED FOR POLYPROPYLENE,

        POLYSTYRENE AND NYLON-6. THE COMBINED EFFECTS OF SILANE

        COUPLING AGENTS AND INJECTION MOULDING MACHINE 
CONDITIONS HAVE ALSO BEEN INVESTIGATED WITH 
GLASS/POLYMER DRY BLENDS, USING THE BARREL OF THE 
MOULDING MACHINE AS A MIXER. - AUTHOR ABSTRACT. 
REINFORCED PLASTICS,GLASS  
FIBRE,POLYPROPYLENE,POLYSTYRENE, POLYAMIDE 
PL.,PRODUCTION

        METHODS,MECHANICAL PROPS.,SIZE,D4, SIZE

        DISTRIBUTION,PLASTICS

  173.  FABRICATION TECHNIQUES FOR ASBESTOS-REINFORCED PLASTICS COMPOSITES.

        WICKER G L.

        COMPOSITES, 1971, 2 (4), 221-7

        THE PROPERTIES OF THE VARIOUS TYPES OF ASBESTOS FIBRE 
ARE DISCUSSED IN RELATION TO THEIR USE AS REINFORCEMENT 
FOR PLASTICS MATRICES AND THE PRODUCTION, FABRICATION

        TECHNIQUES AND MECHANICAL PROPERTIES OF BOTH

        THERMOPLASTICS AND THERMOSET POLYMERS REINFORCED 
WITH ASBESTOS FIBRE ARE DESCRIBED. SOME EXAMPLES OF

        SPECIALIZED USAGE ARE GIVEN, INCLUDING REINFORCED PVC FOR

        BUILDING PANELS, DUCTS, AND ROOFING. - FROM AUTHOR

        ABSTRACT. ASBESTOS,FIBRE,REINFORCED PLASTICS,PRODUCTION

        METHODS, MECHANICAL

        PROPS.,THERMOPLASTICS,THERMOSETTING,VINYL PLASTICS, 
SHEET

  174.  Stresses and strains in glass-reinforced plastics

        multilayer composite constructions. 2. Stress and strain

        and strain analysis of filament-wound glass-reinforced

        pipes under hydrostatic pressure

        PUCK A.

        Kunststoffe, 1967, v57(7), 573-82.

        The basic theory discussed previously (ibid)., 1967, 57,

        284) is applied to circular cylindrical filament-wound

        pipes having different fibre orientations and loaded by

        either internal or external hydrostatic pressure. The

        respective validity and merits of 'network analysis' and

        'continuous analysis' for determining stresses and

        strains are discussed. If experimentally verified elastic

        constants of the unidirectional layers are used in the

        stress analysis of pipes under hydrostatic load, the

        stress at 90 deg to the fibres, can never be decreased to

        less than one-third of the stress parallel to the fibres,

        whatever the fibre orientation. The tensile strength at

        90 deg to the fibres is very much lower than that

        parallel to them, the values being even lower than those

        for the tensile strength of the unreinforced resin, so

        that cracking occurs at rather low internal pressures,

        with consequent decreased fatigue life of the pipes and

        eventually some leakage. The formula established ensures

        that pipes are constructed so that cracks occur only at

        almost max. internal pressures.

  175.  Light transmittance and light diffusion through plastics

        capillary wall and ceiling panels

        PETERS G.

        Boden Wand u. Decke, 1967, 13 (10), 793-6.

        Surveys the applications of capillary jointed composite

        panels made of glass fibre-reinforced polyester resin

        material and describes their advantages, such as very

        good transmittance and diffusion of light, excellent heat

        insulation, high strength and light weight.

  176.  DESIGN CALCULATIONS FOR GLASS-FIBRE REINFORCED PLASTICS MATTING A, NIEDERSTADT G.

        KUNSTSTOFFE, 1967, v57(6), 485-91.

        BECAUSE THESE PLASTICS ARE NOT ONLY INHOMOGENEOUS BUT

        USUALLY ALSO ANISOTROPIC, THEIR PROPERTIES DEPEND ON

        THEIR STRUCTURE AND COMPOSITION. BY EXAMINING CLOSELY 
THE ORIENTATION AND STRUCTURE OF THE LAMINATES RIGHT UP 
TO THE INTERNAL STRUCTURE OF THE REINFORCING WEBS AND 
MATS IT HAS BEEN POSSIBLE TO ESTABLISH MATHEMATICAL 
RELATIONS FOR DETERMINING THE ELASTIC PROPERTIES OF ANY 
SPECIFIC GLASS -FIBRE/RESIN COMPOSITE.

  177.  CARBON FIBRE COMPOSITES

        SIMON R, ET AL.

        NATURE, LOND., 1967, 213 (5081), 1113-4.

        SOME EXPERIMENTAL FINDINGS ON THE PROPERTIES OF THE

        COMPOSITE (GRAPHITE-EPOXY RESIN) ARE PRESENTED, VIZ.(I)

        INVERSE CORRELATION OF COMPOSITE SHEAR STRENGTH WITH

        FIBRE MODULUS, (II) SURFACE TREATMENT OF C FIBRES WITH

        HNO3 ALMOST DOUBLES THE SHEAR STRENGTH OF THE 
COMPOSITE,  (III) THE PRESENCE OF A GOOD SHEAR BOND, AND 
(IV) A REASONABLE RESISTANCE TO DEGRADATION BY WATER.

        CARBON,FIBRE,COMPOSITION,REINFORCED

        PLASTICS,SHEAR,STRENGTH, SURFACE TREATMENT,ADHESION.

  178.  STRESS-STRAIN BEHAVIOR OF POLYSTYRENE-GLASS FIBER

        COMPOSITES

        VIVENTI R V, PLANT H T, MAHER R T.
        MOD. PLAST., 1968, 45(5), 129-36, 204.

        INJECTION MOULDING WAS FOUND THE BEST METHOD FOR

        EXAMINING THE ROLE OF COUPLING AGENTS OR FILM-FORMING

        AGENTS IN FILLED THERMOPLASTICS, VIZ, SILANE OR POLYVINYL

        ACETATE AND POLYESTER IN FIBREGLASS- POLYSTYRENE RESIN.

        FLEXURAL TESTS WERE MADE, UNDER DRY AND WET CONDITIONS,

        ON INJECTION MOULDED SPECIMENS. SILANES HAVING VARYING

        MOL. STRUCTURE HAVE DIFFERENT EFFECTS ON THE PHYSICAL

        PROPERTIES OF THE COMPOSITE, BUT THESE EFFECTS ARE 
MASKED BY FILM -FORMING AGENTS, WHICH GENERALLY IMPAIR 
THE PHYSICAL PROPERTIES ESPECIALLY UNDER WET CONDITIONS.

        VINYLTRIETHOXYSILANE WAS THE MOST EFFECTIVE SILANE,

        PRODUCING MAX. WET-STRENGTH RETENTION PROVIDED THAT

        FILM-FORMING AGENTS WERE ABSENT. REINFORCED

        PLASTICS,THERMOPLASTICS,GLASS

        FIBRE,REINFORCEMENT,(SILANES) STRENGTH,VINYL

        PLASTICS,POLYESTER PLASTICS,COMPOSITE

  179.  CRAZING IN GRP-LAMINATES DUE TO CYCLIC LOADING

        HELLWEGE K H, WURTINGER H.

        KUNSTSTOFFE, 1968, 58 (2), 163-7, (ENGL. SUMMARY, BLUE

        23-4).

        THE CHANGE IN ELASTIC MODULUS AND INCIDENCE OF CRACKING

        OF GLASS-CLOTH EPOXY-RESIN LAMINATES DURING REPETITIVE

        TENSILE STRESSES UP TO 105 CYCLES AT 20 DEG AND 65% R.H.

        ARE REPORTED AND DISCUSSED. THE DECREASE OF MODULUS 
AFTER A CERTAIN NUMBER OF CYCLES IS THE CRITERION OF

        IRREVERSIBLE DAMAGE; THIS DECREASE DEPENDS PRIMARILY ON

        THAT PART OF THE FIBRES TRANSVERSE TO THE LOAD. EVEN

        RELATIVELY SMALL STRESSES CAUSE A MEASURABLE DECREASE 
IN THE MODULUS AND DAMAGE TO THE LAMINATE. UNDER MUCH 
HIGHER STRESSES THE DECREASE IN MODULUS IS ALSO 
INFLUENCED BY THE WAVINESS OF THE GLASS FIBRES 
THEMSELVES. IN STRUCTURAL COMPONENTS LIKELY TO BE 
SUBMITTED TO DYNAMIC STRESS THE GLASS FIBRES SHOULD 
THEREFORE BE AS STRAIGHT AS POSSIBLE. REINFORCED 
PLASTICS,GLASS FIBRE,COMPOSITE,CRAZING,FRACTURE,

        ELASTICITY,MEASURING,FORCE,CYCLIC

        TESTING,FIBRE,GLASS,DYNAMIC, STRUCTURE.

  180.  THE ELASTIC CONSTANTS OF AN ISOTROPIC MATRIX REINFORCED WITH IMPERFECTLY ORIENTED FIBRES

        COOK J.

        BRIT. J. APPL. PHYS. (J. PHYS. D), 1968, 1(6), 799-812.

        ELASTIC CONSTANTS ARE DERIVED FOR COMPOSITES OF FIBRES

        IMPERFECTLY ALIGNED IN AN ELASTIC MATRIX. THE DECREASED

        AXIAL YOUNG'S MODULUS IS CALCULATED AS A FUNCTION OF

        ANGULAR FIBRE SCATTER FOR VARIOUS VALUES OF FIBRE-MATRIX

        MODULUS RATIO AND FIBRE-VOL. FRACTION. FOR RESINS

        REINFORCED WITH WELL-ALIGNED WHISKERS THIS DECREASE IS

        ABOUT 4% COMPARED WITH A PERFECTLY ALIGNED SYSTEM.

        CALCULATIONS SHOW THAT FURTHER COMPRESSION OF SUCH A 
MAT OF IMPERFECTLY ORIENTED FIBRES TO DECREASE THE 
ANGULAR SCATTER IN ONE PLANE ONLY, SCARCELY AFFECTS THE 
AXIAL MODULUS AND THE INSERTION OF A FEW FIBRES AT 90 DEG 
TO THE ORIENTATION AXIS HAS NO BENEFICIAL EFFECT.

        
FIBRE,PLASTICS,REINFORCEMENT,COMPOSITE,ELASTICITY,


ORIENTATION, CALCULATION

  181.  Pipes and containers of glass-fibre reinforced plastics.

        NEITZEL M

        VDIZ, 1968, 110 (15), 618-23

        Describes the filament-winding process for the batch of

        mass production of pipes and containers, and discusses

        its suitability for complete mechanization. The

        properties of the product depend largely on careful

        control of variables during manufacture. Glass-resin

        interaction of such filament-wound composites is also

        briefly discussed. (21 REFS.) Reinforced plastics, pipe,

        glass, fibre, production methods, composite, storage

  182.  THEORETICAL ANALYSIS OF CREEP IN FIBRE REINFORCED

        COMPOSITES.

        DE SILVA A R T.

        J. MECH. PHYS. SOLIDS, 1968, 16 (3), 169-186.

        THE ANALYSIS IS MADE BY USING VIRTUAL DISPLACEMENTS, AND

        THE CREEP OF THE COMPOSITE IS FOUND TO BE GOVERNED BY 
THE FOLLOWING THREE PROCESSES:- (I)  RELAXATION OF SHEAR

        STRESSES AT FIBRE ENDS CAUSING LOAD RE-DISTRIBUTION, (II)

        STRESS RELAXATION OF THE MATRIX CAUSING LOAD TRANSFER 
TO THE FIBRES,AND (III)CREEP OF THE FIBRES. THE IMPLICATIONS

        OF THE COMBINED EFFECT OF THESE PROCESSES ON THE MODE 
OF RUPTURE OF THE COMPOSITE ARE BRIEFLY EXAMINED. 
FINALLY, HYPOTHETICAL COMPOSITES ARE ANALYSED TO 
ILLUSTRATE THE APPLICATION OF THE THEORY. REPORTED 
OBSERVATIONS OF THE CREEP BEHAVIOUR OF CONVENTIONAL 
FIBRE-REINFORCED COMPOSITES ARE EXPLAINED BY THE THEORY 
PROPOSED. - AUTHOR

        ABSTR. REINFORCED

        PLASTICS,CREEP,FIBRE,REINFORCEMENT,FORCE,FAILURE,

        CALCULATION,COMPOSITE.

  183.  Advances in flame-retardant laminates.

        MAYSON G Y

        Industrialized Building, 1968, 5(6), p.73.

        Describes the general requirements of glass-reinforced

        polyester laminate having adequate fire resistance when

        used as wall-cladding or roofing. By judicious selection

        of organic resin, synergist, fillers and UV light

        stabilisers, it has been possible to develop a laminate

        having Class I spread-of-flame rating (not greater than

        7.5 in.) combined with satisfactory outdoor weathering

        behaviour in a factory. One of the essential organic

        compounds ensuring flame retardancy of the raw materials

        is a brominated dicarboxylic acid. Reinforced plastics,

        polymer plastics, glass fibre, composite, fire

        resistance, organic, acid

  184.  LOAD TRANSFER FROM BROKEN FIBRES IN COMPOSITE MATERIALS.  WADSWORTH N J, SPILLING I.

        BRIT. J. APPL. PHYS. (J. PHYS. D), 1968, SER. 2, 1 (8),

        1049-1058.

        THE OBSERVED BEHAVIOUR NEAR BREAKS IN HIGH-MODULUS C

        FIBRES IN AN EPOXY-RESIN MATRIX LEADS TO THE FOLLOWING

        CONCLUSIONS. IF THE INTERFACE BETWEEN FIBRES AND RESIN IS

        WEAK, THEN WHEN A FIBRE BREAKS THE INTERFACE FAILS AND

        THE FIBRE ENDS CONTRACT IN THE HOLE IN THE RESIN THEY

        PREVIOUSLY OCCUPIED. THE LOAD IN THE FIBRE IS THEN

        TRANSFERRED TO THE OTHER FIBRES (OR TO THE BASE PLATE)

        OVER A LONG FRICTIONAL TRANSFER LENGTH, DETERMINED BY 
THE (LOW) FRICTIONAL FORCE IN THE SLIPPING INTERFACE. THIS

        LENGTH IS MUCH LONGER THAN THE ELASTIC TRANSFER LENGTH

        OVER WHICH LOADS SMALL ENOUGH FOR THE INTERFACE NOT TO

        FAIL CAN BE TRANSFERRED FROM ONE FIBRE TO ANOTHER, SO 
THE NEARBY FIBRES CAN SHED ALMOST ALL THEIR INCREASE IN 
LOAD TO OTHERS FURTHER AWAY OR TO THE BASE PLATE. A 
BREAK IN ONE FIBRE CAUSES LITTLE INCREASE IN THE LOAD IN 
OTHERS, AND THE CRACK DOES NOT SPREAD. THE CRACKS IN 
NEIGHBOURING FIBRES ARE UNCORRELATED. IF THE INTERFACE IS 
STRONG THE LOAD IS TRANSFERRED TO NEARBY FIBRES OVER 
THE SAME ELASTIC TRANSFER LENGTH AS THEY NEED TO SHED IT. 
THUS THE STRESS CONCN. IS LARGER AND THE CRACK IS LIKELY 
TO RUN INTO NEIGHBOURING FIBRES. THIS CAN CAUSE A CHANGE 
IN THE MODE OF FAILURE OF DENSE COMPOSITES.

        
COMPOSITE,REINFORCEMENT,FIBRE,STRENGTH,FRACTURE,FAILUR
E,C

        ARBON, EPOXY PLASTICS,FORCE.

  185.  LOW-CYCLE FATIGUE OF A GLASS-FIBRE-REINFORCED PLASTIC

        LAMINATE.

        JAMES T K, APPL F J, BERT C W.
        SOC. FOR EXPERIMENTAL STRESS ANALYSIS PROC., 1968, 25

        (2), 327-30.

        LOW-CYCLE FLEXURAL FATIGUE TESTS ON AN EPOXY-GLASS-
FABRIC COMPOSITE WERE PERFORMED AT LARGE CONSTANT-
DEFLEXION AMPLITUDES. STRAIN VS. CYCLES-TO-FAILURE DATA 
WERE OBTAINED FOR CYCLIC SPEEDS OF 25, 150, AND 425 CPM. 
THE RATE OF CYCLING WAS FOUND TO HAVE A STRONG EFFECT 
ON THE LOW-CYCLE FATIGUE LIFE OF THIS COMPOSITE, BUT THE 
EFFECT WAS LESS PRONOUNCED AT HIGHER NUMBERS OF 
CYCLES. - FROM AUTHOR ABSTRACT. REINFORCED 
PLASTICS,EPOXY PLASTICS,GLASS

        FIBRE,FATIGUE,MEASURING, BENDING.

  186.  Forming processes for glass fibre and resin: 1. Contact

        moulding. 2. Other methods.

        WILDMAN D, MOUNTFIELD J

        Composites, 1969, 1(1), 35-40; 41-49.

        The first author describes contact moulding. This process

        comprises preparing and polishing the mould, applying a

        release agent, applying a gelcoat of unreinforced resin,

        and then applying activated resin combined with chopped

        strand glass mat, or spraying on chopped glass roving and

        resin sinultaneously from a spray-gun. The moulding is

        cured, released and finished. The second author deals

        with other processes and compares their characteristics.

        Casting, plastics,glass fibre, reinforcement, production

        meth., spraying, layer, composite.

  187.  HIGH STRENGTH GLASS FIBRE REINFORCED PLASTICS SANDWICH ELEMENTS.

        REINKE F.

        KUNSTSTOFFE, 1969, 59 (12), 3 (ENGLISH SUMMARY); 846-51

        (IN GERMAN).

        (PAPER GIVEN AT THE ARBEITSGEMEINSCHAFT VERSTARKTE

        KUNSTSTOFFE 8TH

        ANNUAL CONFERENCE).

        THE BIG ADVANTAGE WHICH GRP SANDWICH ELEMENTS HAVE 
OVER PREFABRICATED CONCRETE BUILDING COMPONENTS IS 
THEIR LIGHTWEIGHT, WHICH REDUCES TRANSPORT COSTS. 
HOWEVER, THERE ARE SHORTCOMINGS BOTH IN THE 
PRODUCTION OF SUCH COMPONENTS AND IN THEIR APPLICATION. 
THE AUTHOR DISCUSSES OBJECTIVES WHICH MUST BE MET TO 
PRODUCE HIGH QUALITY SANDWICH ELEMENTS. SOME EXAMPLES 
OF THEIR APPLICATION ARE ILLUSTRATED. REINFORCED 
PLASTICS,COMPOSITE,GLASS  FIBRE,HIGH STRENGTH,MASS, 
PRODUCTION METHODS,INDUSTRY.

  188.  Differential ultrasonic visualization of impact fractures

        in glass-reinforced plastics.

        GREEN P S, CHURCH J M, EILERS G J

        Materials Res. and Standards, 1969, 9 (10), 24-25.

        Ultrasonic transmission images are made of

        glass-reinforced plastics panels both before and after

        impact test in a weight-drop device. Internal fracture is

        observed by superimposing the photographic negative of

        the 'After Test' ultrasonic image with the positive print

        of the 'Before Test' image. The intrinsic structure of

        the composite is this removed from the image, and the

        flaws produced during testing can be more easily

        observed. (From author abstract). Glass fibre, reinforced

        plastics, impact, fracture, ultrasonics, photography,

        composite,(visualisation).

  189.  A study of plastics composites

        TURNER S.
        Applied Materials Research, 1965, 4 (1), 10-9.

        Discusses at length the viscoelastic behaviour of

        thermoplastics that are either partly cryst.

        (polyethylene) or reinforced with short glass fibres. The

        results of stress relaxation and creep tests emphasize

        the complexity of the relation between crystallinity and

        modulus, which can neither be interpreted quant. as a

        simple model nor be related directly to microscope or

        X-ray evaluations of structure or texture. Non-linear

        viscoelastic effects are examined and data for

        polyethylene are fitted to a modified Findley's equation.

        Assessment of non-linearity by an isochronous

        stress-strain curve is extended to include

        glass-reinforced plastics and other cryst. polymers. The

        reinforcement factor for glass fibres is very much less

        than for polyethylene crystals, and an improvement is

        possible only by decreasing the filler particle-size.

  190.  PROPERTIES AND APPLICATIONS OF POLYPROPYLENE/GLASS-FIBRE LAMINATE SHEET
        PLASTICS, LOND , 1966, 31 (344), 719-20.

        POLYPROPYLENE,REINFORCED

        PLASTICS,SHEET,COMPOSITE,PLASTICS, POLYOLEFIN.

  191.  The effect of fabric finish and chromium fibre size on

        the strength  of laminates based on epoxy resin and woven

        glass fabric

        HORSCH F, WURTINGER H.

        Kunststoffe, 1966, 56 (9), 627-9. (Engl. transl.).

        Glass fabrics were treated with (i) Volan A finish, a

        chromic-methacrylate complex, (ii) Finish A 1100, a

        coupling agent based on aminopropyl triethoxysilane, and

        (iii) a chromium size containing coupling agent and PVA

        to protect the fibre  during textile processing. Tensile,

        compressive, and flexural  strengths of epoxy resin and

        glass fabric laminates were measured  as supplied, after

        2 and 20 hours boiling, and after 30 days immersion in

        water at 20 deg. The wet strength was higher for

        laminates based on fabrics treated with (i) and (ii) than

        for  those using chromium sized fabrics.  EPOXY

        PLASTICS,COMPOSITE,GLASS FIBRE,TEXTILE,LAYER,REINFORCED

        PLASTICS,CHROMIUM,SURFACE TREATMENT.

  192.  High-temperature polyimide reinforced with silica fibre

        STANDAGE A E, TURNER W N.

        J. Materials Science, 1967, v2(2), 103-11.

        The composite was formed by reinforcing poly-(N,N'-4,4'-

        oxydiphenylene) pyromellitimide) with unidirectionally

        aligned SiO2-fibres. Deterioration of porosity and

        strength was prevented by part pre-cure of the laminate

        before lay-up in the mould. Samples heated up too 100 h.

        and 400 deg in circulating air retained 50-90% of their

        original strength, although there was a 5% wt.-loss on

        heating in air at 350 deg for 100 h. At fibre contents of

        43-47.5 vol % the dynamic elastic modulus ranged from

        4.55 to 4.95 X 10(6) lb/in.2. The preparation of the

        polymer is described.

  193.  Effect of outdoor weathering on the flexural strength of

        various glass fibre reinforced plastics

        WURTINGER H.

        Kunststoffe, 1967, 57 (1), 56-8 (Engl. transl.)

        Laminates based on epoxy and acrylic resins reinforced

        with glass  fabric and with different finishes were

        exposed on a roof in Darmstadt (W.Germany) for up to 4

        years. Laminates based on finished fabrics showed no

        change in flexural strength over 4 years,  whereas

        laminates treated with chrome size decreased in  strength

        by 15% in 6 months and 25% in 4 years.  WEATHERING,GLASS

        FIBRE,REINFORCED PLASTICS,BENDING,STRENGTH,COMPOSITE

        EPOXY PLASTICS,ACRYLIC PLASTICS,PAINT,CHROMATE.

  194.  Stresses and strains in glass-reinforced plastics

        multilayer composite constructions. 2. Stress and strain

        analysis of filament-wound glass -reinforced pipes under

        hydrostatic pressure

        PUCK A.

        Kunststoffe, 1967, 57 (7), 573-82.

        The basic theory discussed previously (ibid., 1967, 57,

        284) is  applied to circular cylindrical filament-wound

        pipes having  different fibre orientations and loaded by

        either internal or  external hydrostatic pressure. The

        respective validity and merits of 'network analysis' and

        'continuous analysis' for determining stresses and

        strains are discussed. if experimentally verified elastic

        constants of the unidirectional layers are used in the

        stress analysis of pipes under hydrostatic load, the

        stress at 90 deg to the fibres can never be decreased to

        less than one-third of the stress parallel to the fibres,

        whatever the fibre orientation. the tensile strength at

        90 deg to the fibres is very much lower than  that

        parallel to them, the values being even lower than those

        for  the tensile strength of the unreinforced resin, so

        that cracking occurs at rather low internal pressures,

        with consequent decreased fatigue life of the pipes and

        eventually some leakage. The formula established ensures

        that pipes are constructed so that cracks  occur only at

        almost max. internal pressures.  PIPE,GLASS

        FIBRE,REINFORCED PLASTICS,PRESSURE,ORIENTATION,FIBRE,

        FORCE,DEFORMATION,TENSION,STRENGTH.

  195.  Moisture vs. glass-fibre reinforced plastics

        KING H A.

        Mat. Protect., 1967, 6 (9), 20-21.

        The susceptibility of glass-fibre reinforced plastics

        composites to moisture is examined, especially in respect

        of the consequent strength decreases. The components of

        these plastics are discussed in terms of their resistance

        to marine environments. REINFORCED PLASTICS,GLASS

        FIBRE,MOISTURE,STABILITY,STRENGTH,SEA  WATER,DURABILITY.

  196.  Greater stiffness for reinforced plastics

        LANGLEY T W.

        Mod. Plast., 1968, 45 (4), 122-3.

        Describes how about 10% of boron filament in a glass

        fibre/epoxy composite can triple the flexural modulus

        when the filaments are arranged unidirectionally as upper

        and lower layer to the glass  core. About 16,000ft. (1

        oz.) of filament are required for a  glass-reinforced bar

        12in. x 1in. x 0.5in. REINFORCED PLASTICS,GLASS

        FIBRE,BORON,FIBRE,BENDING,STRENGTH,

        COMPOSITE,REINFORCEMENT.

  197.  TIME-DEPENDENT FRACTURE IN A UNIDIRECTIONAL GLASS

        FIBRE-REINFORCED EPOXY MATERIAL.

        MAROM G, KONIECZY N, TULER F R

        J. OF MATERIALS SCIENCE, 1976, v11(10), 1974-7.

  198.  STRUCTURAL TESTS OF A FIBREGLASS-REINFORCED POLYESTER

        HOUSING SYSTEM & ITS COMPONENTS.

        KEENAN W A

        U.S. NATIONAL TECHNICAL INFORMATION SERVICE AD A017

        693/3WB.

        U.S. CIVIL ENGINEERING LABORATORY NAVAL CONSTRUCTION

        BATTALION CENTER TECHNICAL NOTE N-1399

        SPRINGFIELD, VA., U.S. NTIS, 1975. 123PP.

  199.  FRACTURE TOUGHNESS OF FIBER COMPOSITE MATERIALS.

        BROUTMAN L J, GAGGAR S K

        Illinois Institute of Technology, Department of

        Metallurgical and Materials Engineering

        US National Technical Information Service AD-A015 454

        Springfield, Va., US NTIS, 1975, 72pp.

  200.  GLASS FIBRE COMPATIBILITY WITH INORGANIC AND

        POLYMER-INORGANIC MATRICES IN GLASS REINFORCED MATERIALS.  BIRYUKOVICH K L.

        BUILDING RESEARCH ESTABLISHMENT LIBRARY TRANSLATION

        L2074. TRANSLATED FROM THE RUSSIAN: STROITELNIE

        MATERIALY, 1975, v21(6),  33-34.

        GARSTON, BRE, 1975, 4PP.

        G.R.C.; COMPOSITE MATERIALS; FIBROUS REINFORCEMENT; GLASS

        FIBRES; DURABILITY; ELASTICITY; CEMENT;

  201.  REINFORCEMENT OF CEMENT BY FIBRES OTHER THAN GLASS.

        MAJUMDAR A J.

        BUILDING RESEARCH ESTABLISHMENT (BRE), UNIVERSITY OF

        SURREY

        BRE PUBLICATION DRAFT PD 152/75

        GARSTON, BRE, 1975, 22PP.+FIGS.

        CEMENT; FIBROUS REINFORCEMENT; ; COMPOSITE MATERIALS;

        CARBON FIBRES; ; POLYMERS; FIBRES; ; POLYPROPYLENE;

        POLYAMIDES; ; ASBESTOS-CEMENT; MECHANICAL PROPERTIES; ;

  202.  STABILITY OF GLASS FIBER-PLASTIC COMPOSITES.

        JEMIAN W A, WILCOX R C, HSU A C T

        Auburn University, Department of Mechanical Engineering

        US National Technical Information Service AD A012311

        Washington, US NTIS, 1975, 103pp.

  203.  CEMENT-BASED COMPOSITES WITH MIXTURES OF DIFFERENT TYPES OF FIBRES.

        WALTON P L, MAJUMDAR A J

        BUILDING RESEARCH ESTABLISHMENT (BRE)

        BRE CURRENT PAPER CP 80/75

        Garston, BRE, 1975, 8pp.

        COMPOSITE MATERIALS; FIBROUS REINFORCEMENT; ; CEMENT;

        BENDING STRENGTH; ; IMPACT STRENGTH; MEASURING; ; FIBRES;

        POLYPROPYLENE; ; TIME; GLASS FIBRES; ; CARBON; FIBRES;

        POLYAMIDES; ; ASBESTOS; TENSILE STRENGTH; ; STORING;

        DURABILITY; ; COMPOSITION; POLYMERS; ;

  204.  THE CONCEPT OF ONE POLYMER COMPOSITES MODELLED WITH HIGH DENSITY POLYETHYLENE.

        CAPIATI N J, PORTER R S

        J. OF MATERIALS SCIENCE, 1975, v10 (10), 1671-77.

        ONE-POLYMER COMPOSITE MATERIALS HAVE BEEN PREPARED 
USING THE DIFFERENCE IN MELTING POINT BETWEEN THE

        THERMODYNAMICALLY MORE STABLE CRYSTALS WHICH ARE 
FORMED IN ALIGNED AND EXTENDED CHAINS AND THOSE 
OCCURRING IN THE CONVENTIONALLY CRYSTALLIZED MATRIX. THE 
GROWTH OF TRANSCRYSTALLINE REGIONS IN THE MELT MATRIX 
AT THE INTERFACE PLUS AN OBSERVED PARTIAL MELTING 
BETWEEN FIBRE AND MATRIX ARE INDICATIONS OF A STRONG AND 
INTIMATE INTERFACIAL BOND WITH A GRADIENT IN 
MORPHOLOGIES FOR THE SYSTEM STUDIED, HIGH-DENSITY 
POLYETHYLENE. THE PULL-OUT TEST IS A SIMPLE AND ADEQUATE 
METHOD FOR EVALUATING THE INTERFACIAL SHEAR STRENGTH 
OF ONE POLYMER COMPOSITES. THE VALUE FOR THE HIGH-
DENSITY POLYETHYLENE COMPOSITE FALLS BETWEEN THE 
STRENGTHS FOR GLASS-REINFORCED POLYESTER AND

        EPOXY RESINS. HOWEVER, THE INTERFACIAL STRENGTH IN THE

        POLYETHYLENE COMPOSITES IS DUE MAINLY TO THE UNIQUE

        EPITAXIAL BONDING RATHER THAN THE RADIAL FORCES FROM

        COMPRESSIVE SHRINKAGE. THE LOW CRITICAL ASPECT RATIO FOR

        THE FILAMENTS SUGGESTS POSSIBLE ADVANTAGEOUS USES AS

        SHORT FIBRE-REINFORCED MATERIALS WHERE THE INTERFACIAL

        STRENGTH IS A CONTROLLING FACTOR. -FROM AUTHOR 
ABSTRACT.

  205.  GLASS FIBRE REINFORCED CEMENT-STRENGTH AND STIFFNESS.

        ALLEN H G

        Construction Industry Research and Information

        Association

        CIRIA REPORT 55

        London, CIRIA, 1975, 69pp.

        G.R.C.; POLYMER MODIFIED CONCRETE; COMPOSITE MATERIALS;

        FIBROUS REINFORCEMENT; MECHANICAL PROPERTIES;

        ORIENTATION;

  206.  CONFERENCE. COMPOSITES-STANDARDS, TESTING AND DESIGN.

        8TH-9TH APRIL 1974. PROGRAMME, AND THE TEXTS OF 9 PAPERS.

        National Physical Laboratory

        Teddington, NPL, 1974.

  207.  STRENGTH PROPERTIES OF RANDOM FIBRE MAT COMPOSITES.

        GAGGAR S K, BROUTMAN L J

        PROC. 29TH SOC. PLASTICS INDUSTRY, INC., REINFORCED

        PLASTICS/COMPOSITES

        DIVISION ANNUAL CONFERENCE, WASHINGTON, 5-8 FEBRUARY,

        1974; NEW YORK, 1974,

        17E, 1-8.

        THE INFLUENCE OF MATRIX PROPERTIES ON RANDOMLY ORIENTED

        GLASS FIBRE EPOXY COMPOSITES HAS BEEN STUDIED. IT IS

        SHOWN THAT THE INCREASED DUCTILITY OF THE MATRIX DOES 
NOT RESULT IN GREATER ELONGATION TO FAILURE OF THE 
COMPOSITE UNDER TENSILE AND FLEXURAL LOADS. THE TENSILE 
AND FLEXURAL STRENGTH AND THE ELASTICITY ARE DECREASED 
AS THE DUCTILITY OF THE RESIN IS INCREASED. IT IS CONCLUDED 
THAT SINCE THE MATRIX MATERIAL IS SUBJECTED TO A TRIAXIAL

        STATE OF STRESS WHEN THE COMPOSITE SPECIMEN IS 
SUBJECTED TO UNIAXIAL LOADS, THE EFFECT OF MATRIX 
MODULUS.

        POISSON'S RATIO AND YIELD STRENGTH ARE MORE IMPORTANT

        THAN THE MATRIX DUCTILITY MEASURED UNDER UNIAXIAL STRESS.

        THE EFFECT OF VARIOUS SURFACE TREATMENTS APPLIED TO THE

        FIBRES ON MECHANICAL PROPERTIES IS ALSO INVESTIGATED.

        FINALLY, SCANNING ELECTRON MICROGRAPHS ARE PRESENTED

        SHOWING MATRIX CRACKS, FIBRE DEBONDING AND FIBRE

        PULL-OUT. -AUTHOR ABSTRACT.

  208.  COMPOSITES - STANDARDS TESTING AND DESIGN.

        NATIONAL PHYSICAL LABORATORY

        COMPOSITES - STANDARDS TESTING AND DESIGN; PROC. OF A

        SYMPOSIUM HELD AT NPL,

        8-9

        APRIL 1974; GUILDFORD, IPC SCIENCE & TECHNOLOGY PRESS,

        1974, 163PP.

        ISBN 0-902852-31-0

        TWENTY-SEVEN PAPERS WERE PRESENTED COVERING ALL 
ASPECTS OF FIBRE REINFORCED COMPOSITES, INCLUDING THEIR

        MECHANICAL PROPERTIES AND INDUSTRIAL AND ENGINEERING

        APPLICATIONS. THE MATRIX MATERIALS CONSIDERED INCLUDE

        METALS, PLASTICS, GLASS, CEMENT AND CONCRETE THE FIBRES

        INCLUDE GLASS, CARBON AND PLASTICS.

  209.  1974 ANNUAL BOOK OF ASTM STANDARDS. PART 36.

        PLASTICS-MATERIALS, FILM, REINFORCED AND CELLULAR

        PLASTICS; FIBER COMPOSITES.

        AMERICAN SOCIETY FOR TESTING AND MATERIALS

        PHILADELPHIA, ASTM, 1974, 736PP.

  210.  29TH ANNUAL CONFERENCE OF THE SOCIETY OF PLASTICS

        INDUSTRY INDEX AND ABSTRACTS.

        WARREN R H

        US Defence Research and Development Staff Information

        Sheet No A/5/74; Conference of the Society of the

        Plastics Industry.

        Washington DC, DRDS, 1974.

  211.  IN CONFIDENCE  (COPY NO. 10)

        ELLIS C D.

        BUILDING RESEARCH ESTABLISHMENT (BRE)

        NOTE N(C) 11/73

        GARSTON, BRE, 1973.

  212.  COMPOSITE MATERIALS: TESTING & DESIGN (THIRD CONFERENCE)

        A CONFERENCE SPONSORED BY THE AMERICAN SOCIETY FOR

        TESTING AND MATERIALS. WILLIAMSBURG, VA., 21ST-22ND MARCH

        1973.

        BERG C A, MCGARRY F J, ELLIOTT S M

        American Society for Testing and Materials

        ASTM Special Technical Publication 546. Composite

        Materials: Testing and Design.

        Philadelphia, ASTM, 1973, 673pp.

  213.  POLYMER CONCRETE-REINFORCED CONCRETE COMPOSITE BEAMS.

        LOTT J, ET AL.

        US National Technical Information Service AD 762 114; US

        Army Construction Engineering Research Laboratory,

        Technical Manuscript M-48

        Washington, US NTIS, 1973, 37pp.

  214.  ENGINEERING ASPECTS OF FRACTURE TOUGHNESS: FIBER

        REINFORCED LAMINATES.

        MANDELL J F, ET AL.

        Massachusetts Institute of Technology, Sea Grant Project

        Office

        US National Technical Information Service Com-74-10365

        Washington, US NTIS, 1973, 53pp.

  215.  Strong solids.   2nd edition

        KELLY A

        Oxford, Clarendon Press, 1973, 285pp.

 216.  DESIGNING WITH COMPOSITE MATERIALS.

        Institution of Mechanical Engineers
        London, IME, 1973, 88pp.

  217.  THE WEATHERING BEHAVIOUR OF REINFORCED PLASTICS UNDER TENSILE STRESS - AN EXPLORATORY INVESTIGATION.

        CROWDER J R, HILL L G, NORRIS J F

        Building Research Station

        BRS INTERNAL NOTE NO IN 15/73.

        GARSTON, BRS, JANUARY 1973, 9P, FIGS.

        WEATHERING EFFECTS; REINFORCED PLASTICS; POLYESTERS;

        GLASS FIBRES; COMPOSITE MATERIALS; TENSILE STRESSES;

        TENSILE STRENGTH;

  218.  ANALYTICAL AND EXPERIMENTAL METHODS IN COMPOSITE

        MECHANICS.

        WHITNEY J M.

        AMER. SOC. CIV. ENGRS. PROC., J. STRUCT. DIV., 1973, v99

        (ST1), 113-29.

        A SUMMARY OF THE STATE-OF-THE-ART IN THE MECHANICS OF

        FIBER REINFORCED COMPOSITE MATERIALS IS PRESENTED.

        MICROMECHANICS AND MACROMECHANICS ARE BOTH EXAMINED

        ALTHOUGH PARTICULAR EMPHASIS IS PLACED ON CONCEPTS OF

        LAMINATION THEORY. APPLICATION OF COMPOSITE MECHANICS TO

        THE ANALYSIS OF TEST METHODS FOR CHARACTERIZING THE

        MECHANICAL PROPERTIES OF FIBROUS COMPOSITES IS ALSO

        COVERED. EQUATIONS WHICH REPRESENT SOME OF THE MORE

        IMPORTANT CONCEPTS IN COMPOSITE MECHANICS ARE 
SUMMARIZED. IT IS SHOWN THAT THE STATE-OF-THE-ART IN THE 
MECHANICS OF 

        COMPOSITE MATERIALS HAS REACHED A PLATEAU WHERE IT CAN 
BE USED IN STRUCTURAL DESIGN. (49 REF). -AUTHOR ABSTRACT.

        STRUCTURAL DESIGN, REINFORCED PLASTICS, COMPOSITE

        MATERIALS, MEASURING

  219.  FRACTURE. AN ADVANCED TREATISE. VOL 7 FRACTURE OF

        NONMETALS AND COMPOSITES.

        LIEBOWITZ H, EDITOR

        New York, Academic Press, 1972, 1044pp.

  220.  THE ARCHITECT AND FIBREGLASS COMPOSITES

        St HELENS. LANCS., FIBREGLASS LTD, 1972, 47pp.

  221.  THE TIME-DEPENDANT MECHANICAL PROPERTIES OF FIBRE

        REINFORCED POLYMERS.

        DOOTSON M

        Cranfield Institute of Technology

        Cranfield Memo No 66.

        Cranfield, The Institute, 1972, 23pp.

  222.  FIBRE-REINFORCED MATERIALS TECHNOLOGY

        PARRATT N J

        London, Van Nostrand Reinhold Co, 1972, 180pp.

  223.  Fire test of fiberglass reinforced plastic structural

        wall panel.

        WILLIAMSON R B, BARON F M

        University of California, Structural

        EngineeringLaboratory

        US National Technical Information Service PB 222 900

        Berkeley, the University, 1971, 22pp.

  224.  LITERATURE SURVEY OF THE FIELD OF FIBER-REINFORCED

        PLASTIC COMPOSITES: PART 2 (AUGUST 1970-JULY 1971)

        BECKWITH S W, ET AL.
        Texas A & M University, Civil Engineering Department,

        Materials Science and Materials Engineering Division,

        Technical Report CMR-2

        Texas, the Univ, 1971, 75pp.

  225.  A QUASI-STATIC INVESTIGATION OF FIBER-REINFORCED

        VISCOELASTIC MATERIALS.

        CALVIT H H, ET AL.
        University of Texas, Engineering Mechanics Research

        Laboratory

        US National Technical Information Service AD 723 388

        Austin, the University, 1970, 55pp. (1F)

  226.  LITERATURE SURVEY OF THE FIELD OF FIBER-REINFORCED

        PLASTIC COMPOSITES: PART 1 (1958-AUGUST 1970)

        BECKWITH S W, ET AL.

        Texas A & M University, Civil Engineering Department,

        Materials Science and Materials Engineering Division,

        Technical Report CMR-1

        Texas, the Univ, 1970, 206pp.
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