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1 GeneralThis sheet includes terms, de�nitions and abbreviations applied in structural mechanics. Special emphasisis put on composite materials.The sheet is seen as a living document. Its content should be checked, monitored and is still open forde�nitions provided by IASB members.The de�nitions for commonly used terms have been compiled from several sources. A speci�c glossaryof terms related to composite testing and material property generation is presented in CMH-17 (Ref. [1]).Other information has been obtained from websites ofGeneral Composite Inc. Glossary (http://www.generalcomposites.com/),Trans Tech Composites Glossary,Composites-By-Design Glossary (http://clev11.com/~composi1/?page_id=21),Composite Resources Terminology(http://composite-resources.com/composite-technology/composite-terminology/index.php) andWikipedia - the free encyclopedia (http://www.wikipedia.org/).More detailed buckling terms are provided in HSB 40100-01 (Ref. [2]) and safety concept terms inHSB 01501-01 (Ref. [3]).2 AbbreviationsAIMS Airbus material speci�cationAMS aerospace material speci�cationASTM American society for testing and materialsBVID barely visible impact damageCDF cumulative density functionCDM continuum damage mechanicsCDR critical design reviewCDS characteristic damage stateCF carbon �berCFRP carbon �ber-reinforced plasticCLT classical laminate theoryCMC ceramic-matrix compositesCOD crack-opening displacementCoG, CG center of gravityCOS coordinate systemCoV coe�cient of variationCT compact tension (specimen)CTE coe�cient of thermal expansionDCB double cantilever beamDLL design limit load (spacecraft terminus technicus)DMA dynamic mechanical analysis (Tg determination)2



DoD department of defenseDoE design of experimentsDoF degrees of freedomDSC di�erential scanning calorimetry (Tg determination)DTA damage tolerance analysisDUL design ultimate loadE� material stressing e�ortEC elasticity centerENF end-notched �exureEP epoxyEPFM elastic-plastic fracture mechanicsERR energy release rate (fracture mechanics)ESA European space agencyF failure functionFAA federal aviation authorityFEA �nite element analysisFEM �nite element methodFF �ber failureFGM functionally graded materialFMECA failure mode e�ect and criticality analysisFoS (design) factor of safetyFPP �ber patch placementFPF �rst-ply-failureFRP �ber-reinforced plasticFSDT �rst-order-shear-deformation theoryGFRP glass �ber-reinforced plasticGMT glass mat-reinforced thermoplasticsHM high modulus C-�berHPRTP high pressure resin transfer moldingHRR Hutchinson, Rice, Rosengren (HRR) singular crack tip �eld (stress and strain) for elastic-plastic material responseHST high strength C-�berHT high tenancyIFF inter-�ber failureILS inter-laminar stresses (τ23, τ13, σ3 of a UD lamina)3



ILSS inter-laminar shear strengthIM intermediate modulus C-�berLC load caseKDF knock-down factorLBA LuftfahrtbundesamtLCM liquid composite mouldingLEFM linear elastic fracture mechanicsMDO multi-disciplinary optimizationMKF multi-axially (reinforced �at bed) weft knitted fabricsMMC metal-matrix compositesMMPDS Metallic Materials Properties Development and Standardization (predecessor was MIL-HDBK5)MRO maintenance, repair, overhaulMS (MoS) margin of safetyNCF non-crimp fabricNDE non-destructive evaluation (broadly considered synonymous with NDI)NDI non-destructive inspectionNDT non-destructive testing (considered synonymously with NDI), nil-ductility transition temper-atureNF normal fracture (σ-based)OHS open hole strength (tensile, compressive)PDF probability density functionPDR preliminary design reviewQL quali�cation test loadR strength, resistanceRF reserve factorRIM reaction injection mouldingRT room temperatureRSM response surface methodRTM resin transfer mouldingRVE representative volume elementSAE standard american equivalent, society of automotive engineersSC center of shearSCF stress concentration factorSENB single-edge-notch bend (three-point bend specimen)SERR strain energy release rate 4



SF shear fracture (τ -based)SIF stress intensity factorSHM structural health monitoringSMC sheet moulding compoundingSY shear yielding(τ -based)TCD theory of critical distancesTFP tailored �ber placementTMA thermal mechanical analysis (initiation of glass transition)TUS tensile ultimate stress (also used is UTS)UD uni-directionalUHM ultra-high modulus C-�berVAP vacuum assisted processVCCT virtual crack closure techniqueWF lamina with woven-fabric reinforcementWWFE World-Wide-Failure-Exercise1D one-dimensional, uni-axial2D two-dimensional, bi-axial3D three-dimensional, tri-axial2K two matrix components, 2000 �laments3 TermsA-Basis Design_Allowable (or �A�-Value): statistically-based material property, above which atleast 99 % of the population of values is expected to fall, with a con�dence level of 95 %.Note 1: De�nition in MMPDS (Ref. [7]): The lower of either a statistically calculated T99 value, orthe speci�cation minimum (S-Basis). The T99 value indicates that at least 99 % of the populationis expected to equal or exceed it, with a con�dence of 95 %.Note_2: There is no other property addressed than strength or resistance.Note 3: The use of the lower value of T99-value and speci�cation minimum shall protect the designvalue against a potential drift of the material quality.A-Stage: early stage in the reaction of thermosetting resins in which the material is still soluble incertain liquids and may be liquid or capable of becoming liquid upon heatingAbsorption: process in which one material (the absorbent) takes in or absorbs another material (theabsorbate)Absorption: process in which one material (the absorbent) takes in or absorbs another material (theabsorbate)Accelerator: material which, when mixed with a catalyzed resin, will speed up the chemical reactionbetween the catalyst and the resinAction: loading applied in design.Examples: axial load, external di�erential pressure, line load, stress state, suction, patch or localload, friction load, hygro-thermal loading, hydrostatic loading5



Accumulation: here, summing-up of damaging portions during a material damage processAdhesion: state in which two surfaces are held together at an interface by forces or interlocking actionor bothAdhesive: substance capable of holding two materials together by surface attachment.Note: the term is used speci�cally to designate structural adhesives, those which produce attach-ments capable of transmitting signi�cant structural loadsAging: process of exposing materials to an environment for an interval of time.Example: degradation of polymers by environmental e�ectsAmbient: surrounding environmental conditions such as pressure, temperature, moistureAmorphous: polymers with no crystalline componentAngle-ply: balanced laminate consisting of plies at arbitrary angles of plus and minus Θ, where Θ isthe angle of the �bers with the principal laminate axisAnisotropic: not isotropic, having mechanical or physical properties which vary with the directionrelative to the natural reference axes inherent in the material.Note: special cases are transversely-isotropic (UD), orthotropic, monotropicAramid: manufactured �ber in which the �ber-forming substance consists of a long-chain syntheticaromatic polyamideAreal Weight of Fiber: weight of �ber per unit area of prepreg.Note: this is often expressed as grams per square meterArti�cial Weathering: exposure to laboratory conditions.Note: conditions may be cyclic, involving changes in temperature, relative humidity, radiant energyand any other elements found in the atmosphere in various geographical areas. Closely related toagingAssembly: combination of assembled units which form a functional partAvailability: aptitude of a product to be - at a certain time or during a certain time - in a position toprovide the functions, expressed in terms of probabilityAutoclave: closed vessel for producing an environment of �uid pressure, with or without heat, to anenclosed object which is undergoing a chemical reaction or other operationAutoclave Molding: curing process in an autoclave.Note: the lay-up is covered by a pressure bag, and the entire assembly is placed in an autoclavecapable of providing heat and pressure for curing the part. The pressure bag is normally vented tothe outsideAverage Strength: typical strength R̄, utilized in test data mapping.Note: it is the statistical mean strength in case enough test data are availableAverage Stress (here): stress in a lamina, smeared over a length that includes some micro-cracksgenerated after the onset of IFF until �nal failure of the laminateB-Basis Design Allowable (or �B�-Value): statistically-based material property, above which at least 90 %of the population of values is expected to fall, with a con�dence level of 95 %.Note 1: De�nition in MMPDS (Ref. [7]): Based on the calculated T90, at least 90 % of the popu-lation of values are expected to equal or exceed the B-Basis mechanical property allowable with acon�dence of 95 %.Note 2: These values are used in case of resistance (strength) properties.Note 3: If the A-Basis value is lower than the speci�cation minimum, the B-Basis value is oftenreduced as well, to keep the ratio between A- and B-Basis the same as the ratio between T99and T90. Having in mind the protection of the A-value against potential drift, it is unlikely thatthe T90-value would remain stable if the T99-value is decreasing. However, such a B-value reductionis not a requirement. 6



B-Stage: intermediate stage in the reaction of a thermosetting resin in which the material softens whenheated and swells when in contact with certain liquids but does not entirely fuse or dissolve.Note: materials are usually precured to this stage to facilitate handling and processing prior to �nalcureBag Molding: method of molding or laminating which involves the application of �uid pressure toa �exible material which transmits the pressure to the material being molded or bonded. Fluidpressure usually is applied by means of air, steam, water or vacuumBalanced Laminate: composite laminate in which all laminae at angles other than 0° and 0° occur onlyin ± pairs (not necessarily adjacent).Note: balanced laminates, necessarily are not symmetric. They do not exhibit in-plane shear cou-pling.Basic Lamina: model lamina used as calculation element in the analysis of fabricsBatch (or Lot):1. for �bers and resins, a quantity of material formed during the same process and having identicalcharacteristics throughout.2. for prepregs, laminae, and laminates, material made from one batch of �ber and one batch ofresinBeam: uni-axial structural element with cross section dimensions small compared to its length, subjectedto loadings that include bending and shear besides a normal force being tensile or compressive.Note 1: its cross section is not necessarily constant along the length x. A beam may be straight orcurved.Note 2: in the framework of structural analysis, a beam is usually reduced to its longitudinal axis ina mathematical sense, using e�ective cross section properties such as cross section area or momentsof inertia (exception: deep beam).Note 3: if a load parallel to the beam axis is applied that does not invoke any bending reaction, abeam is also referred to as a rod or strut (the latter in the case of a compressive load).deep beam: a high beam structure where the bending sti�ness lateral to the vertical z-axis ismuch lower than about the y-axis. The beam theory can be only approximately appliedshort beam: beam with dimensions where the classical stress distribution derived by beam theorycannot evolvehomogeneous beam: one-dimensional structural member built up from one material, onlyNote: the material may be isotropic, UD, or orthotropic.Beam Column: beam under lateral and axial compressive loadingBearing Load: compressive load on a curved or plane interface (surface)Bearing, by-pass Interaction: interaction of bearing stress and by-pass stress in the case of boltedjointsBearing Yield Strength: strength equal to a bearing stress at which a material exhibits a speci�edlimiting deviation from the proportionality of bearing stress to bearing strainBend Test: test of ductility by bending or folding, usually with steadily applied forces.Note: in some instances the test may involve blows to a specimen having a cross section that isessentially uniform over a length several times as great as the largest dimension of the cross section.Bifurcation Point: point in a load-displacement space where two equilibrium paths intersect. Bifurca-tion buckling is a type of instability which is accompanied with a sudden change of shape of thestructure.Note: beyond this point the primary equilibrium path becomes unstable while the secondary pathemanating from this point is stableBinder: bonding resin used to hold strands together in a mat or preform during manufacture of a moldedobject. 7



Bleeder Cloth: nonstructural layer of material used in the manufacture of composite parts.Note: allows the escape of excess gas and resin during cure. The bleeder cloth is removed after thecuring process and is not part of the �nal compositeBond: adhesion of one surface to another, with or without the use of an adhesive as a bonding agentBraid: system of three or more yarns which are interwoven in such a way that no two yarns are twistedaround each otherBraid Angle: angle measured from the axis of braidingBraid, Two-Dimensional: braided fabric with no braiding yarns in the through-thickness directionBraid, Three-Dimensional: braided fabric with one or more braiding yarns in the through-thicknessdirectionBraid, tri-axial: bi-axial braided fabric with laid in yarns running in the axis of braidingBraiding: textile process where two or more strands, yarns or tapes are intertwined in the bias directionto form an integrated structureBuckling: response of a structural system where more than one state of system equilibrium is possibleunder the present loading and where the structural system tends to change into the stable equilib-rium state (see HSB 40100-01 Ref. [2], too).global buckling (also general buckling): buckling mode which a�ects the structural system asa wholelocal buckling: buckling mode which a�ects the structural system only locally (e.g. inter-rivetbuckling, wrinkling, crimping (also named: crippling))postbuckling: denotation, if the structural element operates in a regime where the applied loadis beyond the critical buckling resistanceBuckling Factor: factor to obtain the critical buckling resistance of the investigated structural systemfrom a generic problem characterizing quantity.Note 1: includes the e�ects of di�erent support conditions, di�erent cross section properties andnon-uniformly distributed applied stresses.Note 2: also applicable for prediction of the critical buckling stressmodi�ed buckling factor: combination of the buckling factor with other factors such as mathe-matical constants and scaling factors.Note: The aim of the modi�ed buckling factor is to simplify the utilization of the respective formulas,diagrams and tablesBuckling Load: load level at which buckling occurs (used as a resistance property)design buckling load: statistically-based resistance property used in designBuckling Resistance: Resistance of the structure equal to the smallest load under which the structurecan respond in more than one system equilibrium state.characteristic buckling resistance: buckling resistance determined under the prerequisite ofpossible inelastic material response, geometrical and structural imperfections, follower load e�ectsand residual stresses.critical buckling resistance: Buckling resistance determined with a model under the prerequisiteof idealized conditionsdesign buckling resistance: Design value of the buckling resistance taking into account theuncertainties of model-based predictions.Buckling Stress: Key value of a stress �eld associated with the buckling resistance in the non-buckledequilibrium state.Note 1: the buckling stress is utilized to characterize a strength property of a structural system.Thereby, the term buckling stress is used as synonym for buckling strength.Note 2: characteristic buckling stress is the buckling stress associated with the characteristic buck-ling resistance:Note 3: the critical buckling resistance is a system property; the stress at a distinct location pre-dicted for the considered state of equilibrium is used as a vehicle to quantify this system property8



Bundle: general term for a collection of essentially parallel �laments or yarnsButt Joint: joint in which parts are joined with no overlapC-Stage: �nal stage of the curing reaction of a thermosetting resin in which the material has becomepractically infusable and insoluble.Note: normally considered to be fully curedCarbon Fiber: �ber produced by the pyrolysis of an organic precursor �ber, such as PAN (polyacry-lonitrile), rayon or pitch, in an inert atmosphere at temperatures above 982°C =̂ 1800°F .Note: the term carbon is often used interchangeably with the term graphite, but the �bers di�er.Carbon �bers are typically carbonized at about 1315°C and contain 93 to 95 % carbon. Carbon�bers can be converted to graphite �bers by graphitization at 1900°C to 2480°C, after which theycontain more than 99 % elemental carbon. Carbon �bers are known for their light weight, highstrength and high sti�nessCaul Plate: smooth metal plate, free of surface defects, to transmit normal pressure and to provide asmooth surface on the �nished laminate.Note: plate of the same size and shape as the composite lay-up, used immediately in contact withthe lay-up during the curing processCerti�cation: written declaration stating that the structural product complies with requirements.Chain-Growth Polymerization: one of the two principal polymerization mechanisms.Note: In chain-growth polymerization, the reactive groups are continuously regenerated during thegrowth process. Once started, the polymer molecule grows rapidly by a chain of reactions emanatingfrom a particular reactive initiator which may be a free radical, cation or anionClassical Laminate Theory: 2D continuum theory used in laminate composites analysis.Note: the CLT bases on Kirchho�'s classical plate theory (normal hypothesis, transverse sheardeformations neglected)Cloth: kind of woven fabricCo-curing: act of curing a composite laminate and simultaneously bonding it to some other preparedsurface during the same cure cycleCoe�cient of Thermal Expansion (one-dimensional, linear): change in length per unit lengthand unit temperatureCoe�cient of Variation: ratio of the full population (or of the sample) standard deviation to thepopulation mean (or sample mean)Cohesion Strength: stress level when a brittle behaving material breaksCollapse: �nal fracture of the structure after hazardous deformation and degradation progress.Note 1: plastic collapse is a material (instability) failure due to rupture (yielding failure mode),whereas structural instability collapse is a structural sti�ness loss caused failure.Note 2: material failure (material instability) triggers structural instabilityCollective: loading cycle distribution.Note: essential are the levels of the cycles and their magnitudesCommingled Yarn: hybrid yarn made with two types of materials intermingled in a single yarn.Example: thermoplastic �laments intermingled with carbon �laments to form a single yarnCompatible: ability of di�erent resin systems to be processed in contact with each other without degra-dation of end product propertiesComponent: major section of the structure that can be tested as a complete unit to qualify the structureComposite Class: major subdivision of a composite construction in which the class is de�ned by the�ber system and the matrix class.Example: organic-matrix �lamentary laminate.9



Composite Material: combinations of materials di�ering in composition or form on a macro-scale.Note 1: composite materials can be metallic, non-metallic or a combination thereof. The con-stituents retain their identities in the composite; that is, they do not dissolve or otherwise mergecompletely into each other although they commonly act.Note 2: composite materials often provide improved characteristics not obtainable by any of theoriginal constituents acting aloneNote 3: a lamina (ply) of �ber-reinforced polymer consists of the �bers, an embedding polymermatrix.and an inter-phase material at the interface of both the constituentsNote 4: Composites include �brous layers (composed of �bers, usually in a matrix) or include fabrics,laminar layers of materials, and hybrids (combinations of any of the above)Composite Structure: structure, fully or partially made of composite materialsCompound: mixture of polymer or polymers with all the materials necessary for the �nished productCondensation Polymerization: special type of step-growth polymerization characterized by the for-mation of water or other simple molecules during the stepwise addition of reactive groupsConditioning: process of exposure of a material to a property-altering environment prior to subsequenttesting (Ref. [1], paragraph 6.3.1). Applied are equilibrium conditioning and �xed-time conditioningCon�dence Level (C): interval estimate of a population parameter used to indicate the reliability ofan estimate. How frequently the observed interval contains the parameter is determined by thecon�dence level or con�dence coe�cient.Compression strength-after-impact (CAI): residual strength of composite laminates after beingdamaged by an impact.Consolidation: strengtheningConstant Amplitude Loading: fatigue loading of a test specimen where the amplitude remains con-stant.Note: basis of S-N curvesConstituent: element of a composite.Note 1: in advanced composites, the principal constituents are �laments (�bers) and matrix.Note 2: The inter-phase is an essential but di�cult to �x third material partContinuous Filament: yarn or strand in which the individual �laments are substantially of the samelength as the strandCoordinate Systems: system which uses one or more numbers, or coordinates, to uniquely determinethe position of a point or other geometric element.Note: Several coordinate systems are used such as global, local, reference, lamina (related to theprincipal material axis of the lamina), principal, pathCore: central component of a sandwich construction to which the sandwich faces or skins are attached.Note: see also Sandwich. Also part of a complex mold that forms undercut partsCrazing: apparent �ne micro-cracks at or under the surface of an organic matrixCreep: time dependent (inelastic) part of deformation resulting from an applied stressCreep Rate: slope of the creep-time curve at a given timeCrimp: �ber waviness, which determines the e�ectivity of the �lamentCritical Length: minimum length of a �lament necessary for load transfer at tips by matrix shearloading to make the maximum lamina strength possibleCross-ply: angle-ply laminate that only contains layers with right angles to one another.Note: examples are stacks such as [0/90], [02/902/902/02]10



Cross section: intersection of a body with a plane.Here: area of a load-carrying structural elementCross linking: polymerization reactions that branch out from the main molecular chain to form anetworked pattern of chemical linksCrystallinity: quality of having a molecular structure with atoms arranged in an orderly, three-dimensionalpattern.Cure: change of properties of a thermosetting resin irreversibly by chemical reaction.Example: condensation, ring closure, or addition. Cure may be accomplished by addition of curing(cross linking) agents, with or without catalyst, and with or without heat. Cure may occur also byaddition, such as it occurs with an-hydride cures for epoxy resin systemsCure (curing) Cycle: schedule of time periods at speci�ed conditions to which a reacting thermosettingmaterial is subjected in order to reach a speci�ed property levelCure Stress: residual internal stress produced during the curing cycle of composite structures. Nor-mally, these stresses originate when di�erent components of a lay-up have di�erent coe�cients ofthermal expansionCure Temperature: temperature at which a material attains �nal cure.Curing Agent: catalytic or reactive agent that brings about polymerization when it is added to a resinCyclic Load: alternating loadCyclic Load Modeling: manner to model load spectraExample: block modeling, cycle-by cycle modeling and analysis, cycle jump strategyDamage: result of a damaging process.AMC 20-29: structural anomaly caused by manufacturing (processing, fabrication, assembly orhandling) or service usagedamaging portion (German: Schädigung): portion of a damaging process represented bymultiple crazes, micro-void cavities, micro-�aws.damage (German: Schaden): result of a damaging process after judgment, represented bymacro-cracks, technical cracks, delamination.Note 1: in English the term damage is used, both, for the damaging portion (German: Schädigung),generated during damaging and for the 'large` discrete damage (German: Schaden) as well. Thelatter term is used as a technical crack quantity in `Damage Tolerance Design` in case of cracks,delamination). In general: a damage (crack, delamination, leakage, deformation, etc.) becomesessential - if in the actual failure case - a usability limit is exceededNote 2: for �ber-reinforced composite, micro-damaging usually corresponds to di�use damaging,that ends with a small number of localized macro-damagesNote 3: the result of the damaging process may be a tolerable or a non-tolerable damage (forFRP-composites e.g. IFF-caused)Damage Accumulation: summation of cycling-caused damaging portionsDamage Entity: physical quantity that helps to measure the increasing damageDamage Portion (in composite usually): cycling-caused increase of degradation until IFF and be-yond.Note: in cases where damaging of �bers is not signi�cantDamage Process (material): gradual enlargement of micro-voids, and micro-cracks which leads tomacro-voids and macro-cracks and �nally to brittle (no slip system present in material) or ductilefailure (slipping in matrix material)Damage Tolerance: capability of a structure to resist failure caused by the presence of �aws or otherdamage for a speci�ed period of non-repaired usage without inspection or repairDamage Variable: variable that is used to describe and quantify the damage11



Debond: deliberate separation of a bonded joint or interface, usually for repair or rework purposesDecohesion Element: �nite element that pr edicts both onset and propagation of delamination withoutprevious knowledge of the crack location and propagation direction .Note: singularity at the crack tip is removedDe�ection: term to describe the magnitude to which a structural element deforms laterally (bends)under a loadDeformation: change in shape of a structural part caused by the application of a load or force or thehygrothermal environmentDegradation: result of a deleterious process in the material or in a structural element.Note: The result of the �nalized degradation process (deleterious change in chemical structure,physical properties or appearance) is a degraded propertyDelamination: separation of the layers in a laminate.Note: the delamination may be local or may cover a large area of the laminate. It may occur atany time in the cure or subsequent life of the laminate and may arise from a wide variety of causesDenier: numbering system for yarn and �lament in which yarn number is equal to weight in gramsof 9000 meters of yarnDensity: mass per unit volumeDesign Allowable: statistically based strength capability with respect to a failure mode.Note: in terms of resistance to a loading such as a strength R, or also to a deformation limit. Withrespect to a failure mode such as fracture, rupture, collapse, detrimental deformation or to a loadin some buckling cases.Examples: A-, B-value as strength design allowables (at stress or material level), at �ux or load levelstatistically-based `strength' property value (e.g. in terms of load resistance, buckling resistance,strength, or limit strain) with respect to a failure mode (e.g. rupture, detrimental deformation). statistically based `strength' capability of a structure (e.g. in terms of load resistance, stressresistance (which is equal to strength), or strain limit) with respect to a failure mode (e.g. rupture,collapse, detrimental deformation or unacceptable defect growth).Desorption: phenomenon whereby a substance, an absorbed or adsorbed material, is released fromanother material.Note: desorption is the reverse of absorption, or adsorption, or bothDesign Factor (spacecraft): multiplying factor to be applied to the limit load that takes the uncer-tainty in the determination of the design limit load into accountNote: it is de�ned as the product of several factors: the model factor which takes into account therepresentativeness of the mathematical model for the derivation of the limit load, the project factorwhich accounts for the maturity of the design, and the margin policy factorDesign Life: project-de�ned life the structure has to survive according to the given design requirementsDesign Load: factorized or non-factorized load used in design.Examples: aircraft limit load (``), design limit load (DLL) in spacecraft, design ultimate load(DUL) or design buckling load (DBL) in aerospace.Note: analogous in case of pressure loadingDesign Point: point in structural reliability hyperspace which represents or includes the nominal valuesof the design variables calculated in the stochastic analysisDesign Policy: realization manner in the design of the structure project that re�ects special safetymargins, test and inspection procedures, etc.Design Principle: design of a structure is the result of the design principle chosen. Such design prin-ciples are `fail safe', `safe life', 'damage tolerant'12



Design Ultimate Load (DUL): limit load (``) in aircraft or Design Limit Load (DLL) in spacecraftmultiplied by the respective ultimate safety factor.Note: The reader is referred to Ultimate Load and to the HSB sheet 'Essential topics for thedevelopment of a reliable reserve factor' (Ref. [3]).Design Value: value of a property used in design input which is assumed to respect its uncertainty.Value of a design variable which is used in a design veri�cationDesign Variable (parameter): physical feature which in�uences the design performances.Note: According to the nature of the design variables, linked to loading, geometry, tolerances, andmaterial properties, di�erent design problems can be identi�ed such as structural sizing for thedimensioning of beams, shells, plates; shape optimization; material selection; structural topologyDesign Veri�cation: process whereby a structural design is comprehensively examined and quali�cation-tested to ensure that it will perform in the required way, before and during operational use.Note: demonstration that the design ful�lls the requirementsDesign Ultimate Stress: mechanical stress caused by the design ultimate load.Note: According to this de�nition no relation exists with ultimate strengthDetrimental Deformation: structural deformation, de�ection or displacement that prevents any por-tion of a structure from performing its intended function or that reduces the probability of successfulcompletion of the mission.Example: excessive plastic deformation as a deformation that prevents proper functioning or us-abilityDeviation: variation from a speci�ed dimension or requirement, usually de�ning the upper and lowerlimitsDi�use Damaging in composites: damaging, occurring from onset of micro-cracking until onset ofdiscrete local macro-cracks indicated by whitening (for ductile thermoplastics connected to voidinitiation and void growth).Note: linked to the termination of the linear elastic stress-strain curve, and then to the damaging,that occurs at the begin of the non-linear stress-strain curve domainDi�usion Coe�cient: temperature and micro-cracking dependent value that is de�ned in case of1. Heat Transfer: thermal di�usivity is thermal conductivity k divided by the volumetric heatstorage capacity cp;2. Moisture Transfer in porous media such as e.g. epoxy molding compounds: moisture di�usivityis moisture conductivity divided by the volumetric moisture capacityDi�usivity: rate of transfer of the solute in a given �uid under the driving force of a concentrationgradientDiscrete Damaging: localization of di�use damaging sometimes ending with a CDSDiscrete Necking: localized necking following di�use necking at onset of the �nal ductile ruptureDimensioning Load Case: design driving load caseDisbond: area within a bonded interface between two adherends in which an adhesion failure or sepa-ration has occurred. It may occur at any time during the life of the structure and may arise from awide variety of causes. Also, colloquially, an area of separation between two laminae in the �nishedlaminate (in this case the term delamination is normally preferred)Disk: structural element that is subjected to an in-plane stress state.Example: rotating hard diskDisplacement: vector extending from initial to �nal positions of a material particle and deformation inthe direction of a length coordinateDistribution: statistical model which gives the probability that a value will fall within prescribed limits.Note: distributions are not only linked to statistical modeling, they may be also measured13



Drape: ability of e.g. a prepreg to conform to the shape of a contoured surfaceDry: material condition of moisture equilibrium with a surrounding environment at 5% or lower relativehumidityDry Fiber Area: area of �ber not totally encapsulated by resinDuctile-to-Brittle Transition Temperature: temperature, where below ductile behaving materialcan become brittleDuctility: ability of a material to deform plastically before ruptureDynamic Load: fast time varying load (shock, impact) with a deterministic or stochastic distributionE�ectivity: ratio of the achieved value to the de�ned value.e�ective value: value that considers the usable size of a property or its e�ectiveness.Examples: e�ective stress, e�ective column length in buckling, e�ective moduli in damage analysis.e�ective stress: stress that considers a reduced load-carrying cross sectionE�ort: see material stressing e�ortElasticity: ability of a material to return to its previous shape after stress is released.Note: In many materials, the relation between applied stress and the resulting strain is directlyproportional (up to a certain limit), and a graph representing those two quantities is a straight line.Such a material is referred to as being linear-elastic. The slope of this line is known as the (tangent)Modulus of Elasticity, or Young's modulus. It is used to determine stress-strain relationships in thelinear-elastic portion of the stress-strain curve which is engineering-like taken between 0 and 0.2 %strain, and is de�ned for ductile behaving metals as that region of strain in which practically noyielding (permanent deformation) occursElongation: increase in gage length or extension of a specimen during a tension test.Note: usually expressed as a percentage of the original gage lengthEnd (here): single �ber, strand, roving or yarn in textile industry.Note: an end may be an individual warp yarn or cord in a woven fabric. In referring to aramid andglass �bers, an end is usually an untwisted bundle of continuous �lamentsEnergy Release Rate (G): energy dissipated during fracture per unit of newly created fracture surfacearea.Engineering Stress: ratio of acting load and initial or non-deformed area.Note: compare di�erence to True StressEnvelope Life Cycle: envelope of partial operational livesEpoxy Equivalent Weight: number of grams of resin which contain one chemical equivalent of theepoxy groupEpoxy Resin: thermo-setting resin which is characterized by the presence of the epoxy groupNote: epoxy resins are often used in polymer compositesEquivalent Sub-layer: equivalent idealized UD lamina that su�ciently well models a textile layer.Example: Non-crimp fabric (NCF)Equivalent Stress: stress value combining e�ects of those stresses which are active in a failure mode.Examples: von Mises equivalent stress σMises
eq in case of the shear yielding failure mode (SY);maximum principal stress in case of a brittle tensile fracture failure mode σNF

eq = σI (NF)Extensometer: device for measuring linear strainFabric, non-woven: composite material formed from �bers or yarns without interlacing.
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Fabric, woven (German: Gewebe): composite material constructed of interlaced yarns or �bers.Note: speci�cally, a cloth woven in an established weave pattern from advanced �ber yarns and usedas the �brous constituent in an advanced composite lamina. In a fabric lamina, the warp directionis considered the longitudinal direction, analogous to the �lament direction in a UD lamina.weaves or woven fabric: types are plain, twill, satin. The weave may be UD, tri-axial plain,near-net shape, polar or a spacer weave, 3Dwarp knitted fabric: types are available with more or less straight reinforcing �bers (of highinterest in structural modeling). Weft inserted is equivalent to warp knitted fabricsnon-crimp fabric NCF: uni-axial, bi-axial, multi-axial straight ply lay-upweft knitted fabric (German: Gestricke): UD, bi-axial, multi-axial, multi-layerbraided fabric (German: Ge�echt): �at, circular, 3DFace Sheet: cover sheet of a sandwichFactor of Safety (FoS): deterministic factor j for the design that increases the level of the given load-ing for safety reasons in order to account for (uncertainties in the statistical distribution of loads,not always), uncertainties in manufacturing process, material properties and failure conditions forpurposes of analytical assessment or test veri�cation of designNote 1: factor of safety is synonym of safety factor. The additive (design) makes clear that a FoSfor the design is addressedNote 2: the FoS is often a combination of factors according to various sources of uncertainties. Itsmagnitude is based on proven processes and veri�cation methods for analyses, tests and manufac-turing. To account for uncertainties of analysis, higher values of factor of safety are normally usedfor veri�cation by analysis only. Higher values of factors of safety are also used if higher reliabilityis desired than was taken in the limit load determination.Note 3: applicable FoS, speci�ed by the procurement authority, are for yield, ultimate, buckling,local buckling, burst and for the design life. The value of the FoS is most often denotedj in themathematical expressions.Note 4: a FoS ensures reliability of the structural partNote 5: a FoS cannot be calculated! It is required from authorities for a safe designNote 6: a FoS cannot cover basic error sources. FoS are minimum values speci�ed on the as-sumption that manufacturing process, analysis tools, modeling, etc. are quali�ed. Further, thebuckling FoS does not cover the e�ect of dimensional tolerances and misalignmentFailure (German: Versagen): state of inability of an item to perform a required function (limit state)Examples: stability, ductile tearing, (brittle) cleavage fracture, onset of yielding, deformation limit,leaking, shear crimping, face dimpling. Material failure (e.g. strength failure mode) or a structuralfailure (e.g. stability failure).Fail-Safe Structure: structure designed with su�cient redundancy to ensure that the failure of onestructural element does not cause failure of the entire structure.Note: a factor of safety j = 1 is 'applied' to loads in case of a structural failure, if the failure isreadily detectableFailure Condition: mathematical formulation of the failure surface F = 1 = 100 %.Failure Criterion: formulation that takes the form F > 1, F = 1, F < 1Failure Index: value of the failure function F .Note: it corresponds to the accurate 'material stress e�ort' or to Puck's 'exposure' only in caseswhere the stress terms are linearFailure Initiation: event that is initiates a certain (de�ned) failureFailure Load: load level where failure occurs.Note: physical test value or theoretical, model-based predicted value (often, as computational fail-ure load the maximum load achieved when computation stops is taken due to numerical stabilityproblems in non-linear analysis)Failure Mechanism: underlying phenomenon that determines the mode of failure15



Failure Mode: observable e�ect of the mechanism through which the failure occurs.Examples: initiation of yielding, rupture, collapse, buckling, degradation, excessive wear, normalfracture and shear fracture, local or global buckling, leakage, eigenfrequency limitation, deformationbeyond a given limit, �ber-fracture, inter-�ber-fracture, delamination, and any other phenomenonresulting in an inability to sustain environmental `loadings'Note 1: above examples involve failure modes of a material failure type (shear yielding, normalfracture, etc.) or a structural failure type (buckling, dimpling, etc.).Note 2: number of strength failure modes for isotropic materials is 2 for brittle behaving isotropicmaterials; tensile ultimate strength (TUS) governs the mode NF and compressive strength the modeSF. For ductile behaving materials the yield strength is to be addressed and the tensile strength (areal compressive strength does not exist)Note 3: number of strength failure modes for transversely-isotropic UD materials: �ve for theseusually brittle behaving composites; 2 FF and 3 IFF, with each of these failure modes 'governed'by one strength, onlyFailure Surface: graphical representation of a failure condition F = 1 (envelope that contains the non-failed domain F < 1 or the non-failure body).Note: mathematical description by a failure condition, F = 1 = 100 %Failure Theory: theory that intends to predict failure.Examples: the strength failure theory, and failure theories based on notch mechanics, on fracturemechanics, and on continuum damage mechanicsNote: often understood to include:1. a failure condition to assess multi-axial states of stress,2. non-linear stress-strain curve(s) of the material as analysis input, and3. a non-linear code in structural analysis.Failure Type: denotation of a failure for a ductile or brittle behaving material.Note: ductile means a gradually occurring and brittle a rapidly occurring failureFar-�eld Stress: stress far away from a notch or a crack.Note: hypothetical stress in the structure if the stress raiser was not presentFatigue: damaging process in which repeated cycles of increasing and decreasing stress �nally may leadto the development of a fatigue damageNote: principally, fatigue life captures the phases crack initiation and crack propagation. Progressiveand localized structural damage that occurs when a material is subjected to cyclic loading.Fatigue Strength: measure of the strength of a material or a component under cyclic loadingFiber: term used to refer to �lamentary materials.Note: often, �ber is synonymously used for the �lament but also in production for a bundle of�laments or, respectively, for a strand consisting of thousands of �laments.(short �ber: < 2 mm, long �ber: < 20 mm, endless �ber: > 20 mm)Fiber Architecture: �brous preform or part in which the �bers are arranged in a particular way toachieve a desired resultNote: mats and braided, stitched and woven fabrics are common forms of �ber architectureFiber Bridging: reinforcing �ber material bridging layersFiber Content: amount of �bers present in a composite expressed either as percent by volume or percentby weight.Note: Also sometimes referred to as �ber volume fraction (e.g., a 60:40 �ber-to-resin ratio denotesa composite with 60 % �ber content and 40 % resin contentFiber Count: number of �bers per unit width of ply present in a speci�ed section of a compositeFiber Direction (orientation): alignment of the longitudinal axis of the �ber with respect to a statedreference axis 16



Fiber Orientation: direction of �ber alignmentNote: convention for the �ber orientation angle is from coordinate x to coordinate x||(with x|| ≡ x1)Fiber Patch Placement: technique to place patches of reinforced �bers just there where the structure'needs' itFiber Placement: continuous process for fabricating composite shapes with complex contours or cutoutsby means of a device that lays preimpregnated �bers (in tow form) onto a nonuniform mandrel ortool. It di�ers from �lament winding (below) in several ways: there is no limit on �ber angles;compaction takes place on-line via heat, pressure, or both; and �bers can be added and droppedas necessary. The process produces more complex shapes and permits a faster put-down rate than�lament windingFiber sizing: process to handle �bers during processing and how they perform as part of a composite.Note: sizing is essential to glass �ber manufacture and critical to several key �ber characteristicsFiber System: type and arrangement of �brous material which comprises the �ber constituent of anadvanced composite.Examples: collimated �laments or �lament yarns, woven fabric, randomly oriented short-�ber rib-bons, random �ber mats, whiskers, etc.Fiber volume fraction: content of �bers in a unit volume of �ber-reinforced materialsFilament: individual endless �ber (here used as single spun endless �ber).Note: The basic unit of a �brous material. The use of this term provides more clarity in somedescriptionsFilm Adhesive: adhesive in the form of a thin, dry, resin �lm with or without a carrier, commonly usedfor adhesion between layers of laminatesFilament Winding: process for fabricating composites.Note: process in which continuous reinforcing �bers, either preimpregnated with resin or drawnthrough a resin bath, are wound around a rotating, removable mandrel of predetermined geometryunder controlled tensionFilamentary Composites: major form of advanced composites in which the �ber constituent consistsof continuous �laments. Speci�cally, a �lamentary composite is a laminate comprised of a numberof laminae, each of which consists of a non-woven, parallel, uni-axial, planar array of �laments(or �lament yarns) embedded in the selected matrix material. Individual laminae are directionallyoriented and combined into speci�c multi-axial laminates for application to speci�c envelopes ofstrength and sti�ness requirements.Filament Wound: pertaining to an object created by the �lament winding method of fabricationFill (weft): yarn in a woven fabric running from selvage to selvage at right angles to the warp.Note: replaces the more often used term weft but avoids the letter con�ict with the identical �rstletter of warp when sub-scriptingFiller: relatively inert substance added to a material to alter its physical, mechanical, thermal, electrical,and other properties or to lower cost. Sometimes the term is used speci�cally to mean particulateadditivesFinish: material applied to �bers, after sizing is removed, to improve matrix-to-�ber coupling.Note: material with which �laments are treated, which contains a coupling agent to improve thebond between the �lament surface and the resin matrix in a composite material. In addition,�nishes often contain ingredients which provide lubricity to the �lament surface, preventing abrasivedamage during handling, and a binder which promotes strand integrity and facilitates packing ofthe �laments
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First-Order-Shear-Deformation Theory (FSDT): basic higher order laminate theory that does notuse normal hypothesis anymore.Note 1: out-of-plane stresses are considered. In particular, the shear stress pro�le is representedeither by independent piecewise quadratic functions in the thickness or by satisfying the three-dimensional equilibrium equations written in terms of mid-plane strains and curvatures. Applicationis often necessary in case of thick-walled laminates. The FSDT is the counterpart of the classicalReissner-Mindlin theory for isotropic plates.Note 2: second and third order shear deformation theories are available with which inter-laminarstresses and transverse shear deformations can be determinedFirst-Ply-Failure: �rst failure that occurs in a ply (lamina) of a laminate.Note: It does not address whether it is an IFF (often termed matrix failure) or an FFFlash: excess material which forms at the parting line of a mold or die, or which is extruded from aclosed moldFlaw: local discontinuity in a structural material.Example: Scratch, notch, crack, void or pore, inclusion, delamination and porosity in case of com-posite laminates.Note: a �aw is not a defectFracture: separation of a whole into partsNote: in case of laminates separation with and without complete separationFracture Ductility: true plastic strain at fractureFracture Mechanics: mechanics of fracture mechanisms.Note: Nowadays, primarily applied as a theory describing the behaviour of a crack in a solidFracture Mechanics Modes: the three ways of crack propagation used in Irwin's model (mode I open-ing, mode II sliding, mode III tearing)Fracture Toughness KIc: measure of the damage tolerance of a material containing initial �aws orcracks, delaminationNote: property in materials science which describes the ability of a material containing a crack toresist fractureFriction: here addressed is the material internal behaviour (often termed pressure-dependent materialbehaviour) that is to be considered in the respective strength failure function for compressionGel: initial jelly-like solid phase that develops during formation of a resin from a liquid. Also, a semi-solidsystem consisting of a network of solid aggregates in which liquid is heldGel Coat: quick-setting resin used in molding processes to provide an improved surface for the compos-ite; it is the �rst resin applied to the mold after the mold-release agentGel Point: stage at which a liquid begins to exhibit pseudo-elastic properties. (This can be seen fromthe in�ection point on a viscosity-time plot)Gel Time: period of time from a pre-determined starting point to the onset of gelation (gel point) asde�ned by a speci�c test methodGlass Cloth: conventionally-woven glass �ber materialGlass Fibers: �ber spun from an inorganic product of fusion which has cooled to a rigid conditionwithout crystallizingE-glass: alumina-calcium-borosilicate glass where strength and high electrical resistivity are re-quiredR-glass: calcium-alumino-silicate glass where strength temperature resistance is requiredS-glass: magnesium-alumino-silicate glass where high strength, modulus and durability under hightemperature and in corrosive media are required18



Glass Transition: reversible change in an amorphous polymer or in amorphous regions of a partiallycrystalline polymer from (or to) a viscous or rubbery condition to (or from) a hard and relativelybrittle oneGlass Transition Temperature Tg: approximate midpoint of the temperature range over which theglass transition takes place (transformation of a glass-forming liquid into a glass)Graded Material: material that possesses a change in its properties over a domainGradual: denotes slow successive change of stress or sti�ness o r another featureGraphite Fibers: see Carbon Fibers.Hand Lay-up: process in which components are applied either to a mold or a working surface, and thesuccessive plies are built up and worked by handHardener: substance used to promote or control curing actionHardening: consolidation of composites during curing.Note: see also Strain HardeningHeterogeneous: descriptive term for a material consisting of dissimilar constituents separately identi-�able (a medium consisting of regions of unlike properties separated by internal boundaries).Note: Having more than one phase (solid, liquid, gas) present in a system or process. All non-homogeneous materials are not necessarily heterogeneousHomogeneous: descriptive term for a material of uniform composition.Note 1: medium that has no internal physical boundaries; a material whose properties are identicalat every point.Example: distribution of �laments in a laminaNote 2: in the context of a beam 'homogeneous' means that is built up from one material, only.Honeycomb: distance material formed into hexagonal cells.Note: usually manufactured in hexagonal cells that serves as a core material in sandwich construc-tions. Honeycomb may also be metallic or polymer materials in a rigid, open-cell structureHoop layer: ply laid onto a rotating mandrel at a 90° angle to the axis of the mandrelHumidity, relative: ratio of the pressure of water vapor present to the pressure of saturated watervapor at the same temperatureHybrid Laminate: composite laminate comprised of laminae of two or more materials.Examples: CFRP with metal, Glare, Arall, organo-sheetsHydrostatic Pressure: absolute value of hydrostatic compression stressHygroscopy: material's readiness to absorb or retain moistureIdealized Bi-directional Lamina (layer): virtual decomposition of a woven fabric model used inanalysis of textile composites with non-crimp reinforcement (NCFs)IFF modes: 3 di�erent Inter Fiber Fracture modes known from fractography. Each of these modes isgoverned by an associated strength.Note: the term IFF mode may be di�erently usedImpact Strength: capability of the material in withstanding dynamically applied loads (in terms ofenergy, Joules)Imperfection: state or an instance of being imperfect, or a shortcoming.Note: Structural examples: from production usually de�ned by a value for the deviations fromnominal values: �aws, out-of-roundness (deviation from circularity), eccentricities (deviations froma continuous mid-surface ), local dimples (local normal deviations from the nominal middle surface,non-straightness, misalignment of loads (point of `attack'), �ber waviness, etc.19



Imperfection Sensitivity: sensitive response of a structure to the presence and magnitude of an im-perfectionImpregnation: saturation of the voids and interstices of a reinforcement with a resinInclusion: discontinuity within a material or part.Note: usually consisting of solid, encapsulated foreign material. Inclusions are often capable oftransmitting some structural stresses, but in a noticeably di�erent manner from the parent material.They are often the source of stress concentrationsIn�ltration of a polymer composite: impregnation of �bers with resinInfusion of a polymer composite: impregnation of �bers with resin under a pressure less than 1 barInjection of a polymer composite: impregnation of �bers with resin under a pressure higher than 1 barInitial Buckling Load: transition point between pre-buckling and post-buckling state for structuresproviding signi�cant post-buckling load carrying capacity (e.g. plates, sti�ened shells)Note: the term 'initial buckling resistance' should be preferred.Initial Failure (composite laminate): 'practical' onset of degradation.Note: Initial failure is usually indicated by the occurrence of a slope change (knee) in the stress-straincurve of a laminate, and this is determined by the �rst IFF.In-situ Strength: here, strength capacity of the built-in composite materialExample: strength of a UD layer within a laminate is di�erent (redundant due to embedding,following a parallel failure system) to the strength values from the usual 'isolated' material testspecimens (weakest link behaviour, following a series failure system)Note: the in-situ strength might be termed an e�ective mode strengthIntegral Composite Structure: composite structure in which several structural elements, which wouldconventionally be assembled by bonding or with mechanical fasteners after separate fabrication, areinstead laid up and cured as a single, complex, continuous structure.Examples: spars, ribs, and one sti�ened cover of a wing box fabricated as a single integral part.Interaction: here, a process of a combined action of stresses, or loadings, or failure modesInterface: boundary or surface between the individual, physically distinguishable constituents of a com-posite.Note: also used for the surface (2D) that separates two parts o r laminate layersIntra-lamina (in-plane) shear stress: shear stress τ21 in the ply planeInter-laminar: descriptive term pertaining to some object (e.g., voids), event (e.g., fracture), or poten-tial �eld (e.g. stress �eld) referenced as existing or occurring between two or more adjacent laminaein perpendicular direction to the laminate planeInter-laminar shear stresses (ILS): in a uni-directional ply the shear stresses τ23, τ13 acting perpen-dicular (thickness direction) to the lamina planeInter-laminar shear strength (ILSS): maximum shear stress reached in the respective ILSS laminatetest specimenInter-laminar stresses: in a uni-directional ply the normal stress σ3 and the shear stresses τ23, τ13Inter-phase: material (3D), that physically and probably chemically joins �lament and matrix.Note: often modeled as gradual because properties are merely determinableIntra-laminar: descriptive term pertaining to some object (e.g., voids), event (e.g., fracture), or poten-tial �eld (e.g., temperature gradient) existing entirely within a single lamina
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Invariant: combination of stresses or strains the value of which does not change when altering thecoordinate system .Note: The stresses in the invariants may be powered or not powered. Invariants are advantageouswhen formulating the usually desired scalar failure conditions. Such material-associated invariantsare utilized for isotropic and composite materialsIsotropic: material with identical properties in all directionsJ-integral: path-independent line-integral which is based on Irwin's principle of (strain) energy releaserates .Note: value, based on an energy conserving calculation to �nd the strain energy release rate forcrack propagation. Helpful in case of small plastic zones at the crack tip (localized plasticity) whereit may be also applied for non-linear elastic situationsKnitting (German: Stricken): method of constructing a fabric by interlocking series of loops of oneor more yarnsKnock-Down Factor: reduction factor that takes into account1. change of mechanical properties due to environmental exposure and2. imperfection sensitivity (KDF used to predict the characteristic buckling resistance from thevalue gained with a model treated under a classic theory)Lamina: sub-unit of a laminate .Note 1: here the designation of the calculation element as numerical building block of the laminateNote 2: laminae is plural of lamina. The term laminas is also usedNote 3: the term lamina does not necessarily mean the physical single layer as it is realized in thelaminate. The single layer of a non-crimped fabric layer, e.g. [0/90/45], is often modeled using threedistinct laminae with orientation angles 0°, 90° and 45°Note 4: M lamina is a lamina with random reinforcement (mat)isolated lamina properties: properties obtained from traditional isolated test specimens.Note: Values used in analysis despite of the fact that they cannot consider the e�ect of embeddingwhich may improve but also sometimes deteriorate the property valuesembedded lamina properties: properties obtained from special sub-laminate test specimenswhere the test ply is embedded between other plies (laminas) that are destroyed at higher loadlevels than the test plyLaminate: designation of a stack of several laminae which are bonded togetherLap joint: joint made by bonding overlapped portions of two adherendsLayer: here, physical sub-unit of the laminate.(basic layer: see above)Lay-up: process of fabrication involving the assembly of successive layersLifetime: span of time during a material or a structural component functionsNote: this de�nition is speci�ed in the actual projectsLimiting Conditions: conditions which are applied to de�ne a limit of the structural part on basis ofits functional requirementsLimit Load: in aircraft the maximum load to be expected in serviceNote: the speci�ed load is expressed in terms of aerodynamic forces, inertia forces, or ground orwater reactions. For aerospace see further HSB 01501-01, Ref. [3].Limit Point: point along the equilibrium path where the sti�ness is zeroLimit State: state in which a structure or a material comes to a limitplastic limit: structure develops zones of yielding in a pattern such that its ability to resistincreased loading is deemed to be exhausted. It is closely related to small de�ection theory plasticlimit load and plastic collapse mechanismtensile rupture: e.g. a plate experiences gross section failure due to tension21



cyclic plasticity: repeated yielding, caused by cycles of loading and unloading, leading to a lowcycle fatigue failure where the energy absorption capacity of the material is exhaustedbuckling: structure suddenly loses its stability under membrane compression or shear. It leadseither to large displacements or to the structure being unable to support the applied loadsfatigue: cycles of loading initiate cracks or a delaminationLinear Elastic Fracture Mechanics: fracture mechanics assuming linear material responseLiquid-crystal Polymers: melt processable, newer type of thermoplastic.Note: thermoplastic with high orientation in molding, improved tensile strength, and high-temperaturecapabilityLoad Collective: 'shape' of the load spectrum.Note: marked by number of cycles as (n), number of cycles to failure as (N)Load Cycle: closed alteration of load changeLoad Factor: multiplying factor, termedn, of inertial weights of an aircraft.Note: in spacecraft, at prime level, the term (system) load factor is also used in the margin policyfor uncertainty consideration reasonsLoad History: loadings experienced in lifeLoad Spectrum: spectrum of loads used in fatigue analysisLoading: load (including normal and shear forces, moments, torques), or pressure, temperature andmoisture applied to the structural systemLoop Joint: joint used in composite engineering to transfer loadsLot: see batchMacaulay brackets: {} or f(x) = max (x, 0).Note: notation used to describe the ramp function (x = 0, if x < 0; x = x, if x = 0)Macro-scale: physical scale having a characteristic dimension above 1 mm.Note: in the analysis of composites originally used when denoting characteristics and when modelingcomposite laminas and laminates. In the early days the thicker �bers (boron) caused ply thicknesseslarger than a mm. Therefore the homogenized ply or lamina was addressed as macro (Refs. [4, 5])which is not always kept any more in literature and FE code manualsMaintainability: probability that the product can be kept in or returned to a state in which it can pro-vide its functions, when maintenance is applied. Maintenance comprises adequate storage, controls,preventive actions, e.g. repair of surface protectionMandrel: form �xture or male mold used for the base in the production of a part by lay-up, �lamentwinding or braidingMargin of Safety: ratio of the design resistance and the design load minus 1Mat: �brous material consisting of randomly oriented chopped or swirled �laments loosely held togetherwith a binder(structural) Material: here, model of the homogenized (smeared) solid with e�ective properties.Note: a laminate may be modeled as a homogenized material or as a structural entityMaterial Acceptance: testing of incoming material to ensure that it meets requirements.Material Quali�cation: procedures used to accept a material by a company or organization for pro-duction useMaterial Stressing E�ort E� : exertion, a material experiences under a stress state generated byexternal loading and residual stresses(material).Note: percentage (portion) of `load' carrying capacity of the material (metal, lamina, etc.). See theterms Stress and Resistance, too. The material stressing e�ort caused by a stress state in a distinctfailure mode is the ratio Effmode = σmode
e /Rmode, that is equivalent stress over strength22



Material System Class: group consisting of material systems categorized by the same generic con-stituent materials, but without de�ning the constituents uniquely; e.g., the carbon or epoxy classMaterial Variability: source of variability due to the spatial and consistency variations of the materialitself and due to variation in its processingMatrix: essentially homogeneous materialNote: it may be a plastic (e.g. a cured result of a mixture of resin and hardener in which the �bersystem of a composite is embedded), a metal, ceramic, or glassMechanical Properties: properties of a material that are associated with elastic and inelastic reactionwhen a force is applied, or the properties describing the relationship between stress and strainMembrane Forces: normal and shear section forces (forces per unit width)Meso-scale: 'something' between scalesNote 1: it is not a scale or level, but often used as a model characterizing term at di�erent lengthlevels such as the micro-scale de�ned below. It has to be clearly de�ned in each application caseNote 2: with composites the term meso is referred to the �ber architecture within a textile lamina.Unfortunately, since some time it is also sometimes applied when citing lamina characteristicsMicro-scale: physical scale having a characteristic dimension typically ranging from 1 to 999 µm (below
1 mm)Note: term is not always used as above. In case of composites it addresses the constituents matrix,�ber, inter-phase and small �aws such as pores, inclusions etc.Middle Surface (mid-plane, if �at): surface that lies midway between the inside and outside surfacesof a shell or plate.Note 1: where the shell is sti�ened on either one or both surfaces, the reference middle surface isstill taken as the middle surface of the curved shell or the plate. The middle surface is the referencesurface for analysis, and can be discontinuous at changes of thickness or at shell junctions, leadingto eccentricities that may be important for structural behaviour of the shell.Note2: The middle surface is a strictly geometric quantity and should not be confused with symmetryplaneMixed-Mode-Fracture: interaction of at least two fracture modes in fracture mechanicsModel Validation: proof of a theoretical model by a number of (reliable) physical test resultsModulus, chord: slope of the chord drawn between any two speci�ed points on the stress-strain curveModulus of elasticity (Young's Modulus): slope of the initial straight portion of a stress-straincurveMoisture Content: amount of moisture in a material determined under prescribed condition and ex-pressed as a percentage of the mass of the moist specimen, i.e., the mass of the dry substance plusthe moisture presentMoisture Equilibrium: condition reached by a material when it no longer takes up moisture from orreleases moisture into the surrounding environmentMold Release Agent: lubricant applied to mold surfaces to facilitate release of the molded structuralcomponentMolding: forming of a polymer or composite into a solid mass of prescribed shape and size by theapplication of pressure and heatMono-layer: basic laminate unit from which laminates are constructedMonomer: compound consisting of molecules each of which can provide one or more constitutional unitsMultifold Strength Failure: failure when a distinct failure occurs multifold under a multi-axial stateof stresses in strength mechanics.Example: under a bi-axial tensile stress state the fracture failure type 'normal fracture' is in twoorthogonal directions activated 23



Multi-Scale Analysis: analysis which is executed on several levels.Example composites: e.g. micro-scale and macro-scale using meso modeling of the �ber architecture.In the associated analyses a bottom-up approach (micro to macro (i.e. the lamina)) combined withtop-down approach is mandatory. A closed system is necessary: the micro-mechanical data inthe HSB can be only used with the micro-mechanical formulas that have been utilized at theirdeterminationNDI: non-destructive inspection process or procedure for determining the quality or characteristics of amaterial, part, or assembly without permanently altering the subject or its properties.Note: often synonymously applied are the other techniques NDT (non-destructive testing) and NDE(non-destructive evaluation)Necking: process by which a ductile material deforms under tension forming a neck1. di�use necking: feature before reaching maximum load (TUS) in a load-controlled test of atensile ductile specimen2. localized (discrete) necking: situation in the specimen in the following softening branch (strain-controlled) until ductile rupture will occurNet Shape: fabrication to �nal dimensions that do not require machining or cuttingNetting Theory Analysis: analysis where the �bers are assumed to take all the load.Note: can not be used for inelastic analyses that need the real sti�nessNominal Life: life span from release via transport to the termination of use.Note: project speci�c di�erently formulatedNominal Specimen Thickness: summation over the thickness of nominal plies multiplied by the as-sociated number of pliesNominal Value: value assigned for the purpose of a convenient designation.Note: a nominal value exists in name onlyNon-crimp Fabrics: laminate composed of stitch-bonded (z-threads) UD laminasNon-laminar Composite: textile composite (3D textile) containing a'high' portion of z-threadsNon-redundant and Redundant Structures: types of structural behaviour: non-redundant (singleload path) and redundant (multiple load path) structures:non-redundant: applied loads are distributed through a single member within an assembly, thefailure of which would result in the loss of structural integrity of the component involved. Has tosustain DUL until exchange of the critical part or until end of service liferedundant: applied loads are safely distributed to other load-carrying members in case of failure.A new load path can be generated that has to sustain in case of failure of one path the aircraftlimit load ``.Note: for multiple load path structural parts B-values may be usedNon-woven Roving: reinforcement composed of continuous rovings loosely gathered togetherNormalization: mathematical procedure for adjusting raw test values for �ber-dominated properties toa single (speci�ed) �ber volume contentO�-axis Laminate: laminate whose principal axis is oriented at an angle to the load direction.Note: application as o�-axis lamina test specimensOpen-hole strength (OHS): tensile strength and compressive strength of a composite laminate con-taining a hole or notch. Note: value depends on absolute hole sizeOrthotropic: orthogonal-anisotropic material having three mutually perpendicular planes of elasticsymmetry.Note: requires the knowledge of 9 independent sti�ness propertiesOut-gassing: release of solvents and moisture from composite parts under a vacuum24



Oven Dry: condition of a material that has been heated under prescribed conditions of temperatureand humidity until there is no further signi�cant change in its massPAN Fibers: reinforcement �ber derived from the controlled pyrolysis of polyacrylonitrile �berPanel: �at or curved thin-walled structural component that may be reinforced.Note: may be a sti�ener-reinforced part (barrel) of a fuselage sectionParameter Identi�cation: determination of model parameters from physical test resultsPart Consolidation: design-and-fabrication process in which a number of previously discrete parts arecombined in a single component to reduce or eliminate assembly operations and associated costsPeel Ply: layer of material applied to a prepreg lay-up surface that is removed from the cured laminateprior to bonding operations and leaves a clean resin-rich surface ready for bondingPitch Fibers: reinforcement �ber manufactured from petroleum or coal tar pitchPlanar: type of �ber winding or tape placingPlastic: material that contains one or more organic polymers of large molecular weightNote: is solid in its �nished state, and, at some state in its manufacture or processing into �nishedarticles, can be shaped by �owPlastic Hinge: hinge, formed when plastic yielding of a cross section of a structural member occurs.Note: cross section is unable to additionally transmit bending momentsPlastic Strain at the End of Uniform Elongation (uniform strain): plastic strain in % at onsetof necking which is marked by the maximum tensile load, in the case of ductile behaviourPlasticizer: material of lower molecular weight added to a polymer to separate the molecular chains.Note: application results in a depression of the glass transition temperature, reduced sti�ness andbrittleness, and improved processability. Many polymeric materials do not need a plasticizerPlate: thin-walled, �at smooth structural element of almost uniform thicknessPly: number of single yarns twisted together to form a plied yarn.Note: designation of the layers that make up a stack or laminatePly-by-ply analysis: term used in laminate analysis if each ply (lamina) is analysedPly-discounting Approach: degradation model of the plyPoisson's Ratio: ratio of transverse strain and longitudinal strain of a uni-axially tensioned test speci-men.Note: In the early days indexing of Poisson's ratio followed 'location' before 'cause'. This makesmore sense and -in addition- follows the convention for the load quantities. This is the reason why- after many discussions and extensive literature work of the working group - the VDI 2014 guideline(Ref. [4]) still sticks to the 'old' sequencing ν21for the larger Poisson's ratio. However, in the lasttwo decades more and more - for the larger Poisson's ratio ν12 - has been used, especially in the FEcodes. Of course, there is no objective reason to write ν21 or ν12. This might have been the reasonfor the change. In the HSB ν12 is used for the larger Poisson's ratio.Note: Meanwhile Stephen Tsai turned back in his newest book 'Strength and Life of Composites',2011 (Ref. [?]), to the old sequencing ν21Polymer: organic material composed of large molecules characterized by the repetition of one or moretypes of (smaller) monomeric moleculesPolymerization: chemical reaction in which the molecules of monomers are linked together to formpolymers.Note: two principal reaction mechanisms work,.addition polymerization proceed by chain growthand most condensation polymerization through step growth25



Porosity: volume fraction of pores, voidscondition of trapped pockets of air, gas, �uid, or vacuum within a solid material, usually expressedas a percentage of the total non-solid volume to the total volume (solid plus non-solid) of a unitquantity of materialPost-buckling: see BucklingPost-cure: additional elevated temperature cure, usually without pressure, to increase the glass transi-tion temperature, to improve �nal properties, or to complete the curePot Life: period of time during which a reacting thermosetting composition remains suitable for itsintended processing after mixing with a reaction initiating agentPrecursor (for carbon �bers): either the PAN or pitch �bers from which carbon �bers are derivedPreform: assembly of dry fabric and �bers which has been prepared for one of several di�erent wet resininjection processes.Note: a preform may be stitched or stabilized in some other way to hold its shape. A commingledpreform may contain thermoplastic �bers and may be consolidated by elevated temperature andpressure without resin injectionPreply: layers of prepreg material, which have been assembled according to a user speci�ed stackingsequencePrepreg: semi-�nished �ber product such as a resin-impregnated cloth, mat or tape in �at form thatcan be stored for later use.Note: ready to mold or cure material in sheet form. The resin is often partially cured to a tack-freestate called B-stagingPressure: normal force or load per unit area acting normally to the loaded areaPrimary Stresses: stress system required for equilibrium with the imposed loading.Primary Structure: part of the structure that carries the main loads and de�nes the overall sti�ness.Note: In AMC20-29 the structure which carries �ight, ground, or pressurisation loads, and whosefailure would reduce the structural integrity of the aircraft.Principal Axis (laminate): coordinate axis that coincides with the direction of maximum in-planeYoung's modulusPrincipal Axis (lamina): coordinate axis that coincides with the �ber directionPrincipal Stress: components of the stress tensor when the basis is transformed in such a way that theshear stresses become zeroProgressive Failure (FRP composites): progressive series of failure events.Note: This is the term describing the condition when di�erent parts of a failure surface reach failureat di�erent times. Failure often starts as a tiny crack between the �bers and matrix. Continuedloading leads to the formation of multiple micro-cracks in the lamina. These cracks decrease thesti�ness of the matrix causing the �bers or surrounding plies to carry a higher stress than theynormally would carry. Capturing stress redistribution is the key to realistic simulation of compositestructures' progressive failureProof Load: load applied during a proof testProof Test: test of a �ight hardware under proof load or pressure to give evidence of satisfactoryworkmanship and material quality or to establish the initial crack sizes in the hardwarePultrusion: continuous process for manufacturing composites in rods, tubes, and structural shapeshaving a constant cross section.Note: after the reinforcement is passed through the resin-impregnation bath, it is drawn througha shaping die to form the desired cross section; curing takes place before the laminate can departfrom that cross section 26



Quasi-isotropic Laminate: laminate approximating isotropy by orientation of plies in several direc-tions.Note: laminate possessing an in-plane or membrane quasi-isotropy but still exhibits �exural anisotropyQuasi-laminar Composite: denotation for a textile composite which basically behaves like a 2D lam-inateQuasi-static Load: load independent of time or which varies slowly, so that the response time of thestructure is not signi�cantNote: (quasi-) static loads comprise static, cyclic and dynamic (impact) loads and are applied at afrequency su�ciently below the natural frequency of the considered part thus being equivalent tostatic loads for the structureRain�ow Counting: counting method, used in the analysis of fatigue data in order to reduce a spectrumof varying stress into a set of simple stress reversalsR-curve (crack extension resistance curve): curve of strain-energy release rateG versus crack length a.Note: a positive slope indicates unstable crack propagation and a negative that the crack growth isstableReinforced Plastic: plastic with relatively high sti�ness or very high strength �bers embedded in thecomposition.Note: reinforcement improves some mechanical properties over that of the base resinRelease Agent: material that is used to prevent cured matrix material from bonding to toolsReliability: aptitude of a product to perform the required functions at certain performance levels underspeci�c conditions and for a given period of time, expressed in terms of probabilityReserve factor (RF ): load-de�ned factor as ratio of a resistance value and an action value.Note: similar to the de�nition of the FoS, RFs are referred to loads and not to stressesResidual Stress: stress that remains in an unloaded structure after processing, fabrication, assembly,testing, or operationResidual Strength: strength of a material after being damagedResilience: property of a material which is able to do work against restraining forces during return froma deformed conditionResin: organic polymer or prepolymer used as a matrix to contain the �brous reinforcement in a com-posite material or as an adhesive.Note: this organic matrix may be a thermoset or a thermoplastic, and may contain a wide varietyof components or additives to in�uence handability, processing behavior and ultimate properties.Resin Content: amount of matrix present in a composite either by percent weight or percent volumeResin Rich Area: localized area �lled with resin but lacking reinforcing �bersResin Starved Area: area of composite part where the resin has a non-continuous smooth coverage ofthe �berResin System: mixture of resin, with ingredients such as catalyst, initiator, diluents, etc. required forthe intended processing and �nal productResistance: material property or structural property counteracting the applied loadings or capacity towithstand environmental loadings.Examples: load resistance and buckling resistance (as structural resistances, at load level), strength(as material resistance, at stress level), or a limiting strain.Note: One should not mix up an increase of strength with an increase of resistance. Both theseincreases lead to a reduced material stress e�ort, that determines the danger to fail. According tothe strength condition, the resistance may become also bigger by a reduced equivalent stress. Thiscan take place under a superimposed hydrostatic stressing.27



Rib: local reinforcing member of a shellRoom Temperature Ambient (RTA):1. an environmental condition of 73 ± 5°F (23 ± 3°C) at ambient laboratory relative humidity;2. a material condition where, immediately following consolidation or cure, the material is storedat 73 ± 5°F (23 ± 3°C) and at a maximum relative humidity of 60 %Resin-transfer molding (RTM): molding process in which catalyzed resin is transferred into an en-closed mold into which the �ber reinforcement has been placedNote: cure normally is accomplished without external heat. RTM combines relatively low toolingand equipment costs with the ability to mold large structural partsRisk: probability of an incident (event) times severity of its consequencesRobust Design: design that performs optimally under the variable operating conditions during lifetime.Note: Ontonix de�nes robustness as 1/ (uncertainty x complexity) = 1/ fragilityRoving: collection of bundles of continuous �laments either as untwisted strands or as twisted yarnsR-ratio: ratio of minimum stress and maximum stress or loadRupture: fracture of the �nal cross section area of a ductile behaving tensile test specimen.Note: the term rupture, where e.g. a tension rod experiences gross section failure due to tension,should be not confused with fracture, This is when the maximum load of this specimen at onset ofnecking is reachedS-Basis (or S-Value): mechanical property value which is usually the value of the appropriate speci�-cation.Note 1: De�nition in MMPDS (Ref. [7]): The S-value represents or is based on the speci�cationminimum value speci�ed by the governing industry speci�cation. For certain products heat treatedby the user (for example, steels hardened and tempered to a designated tensile ultimate strength),the S-Basis value may re�ect a speci�ed quality-control requirement. Traditionally, the statisticalassurance of S-Basis values has not been known. However, the statistical assurance associated withS-Basis values established since 1975 is known within the limitations of the quali�cation sample andthe analysis method used to evaluate the data. Within those constraints S-Basis values establishedsince 1975 may be viewed as estimated A-Basis values.Note 2: MMPDS (Ref. [7]): Traditionally, the statistical assurance of S-Basis values has not beenknown. However, the statistical assurance associated with S-Basis values established since 1975 isknown within the limitations of the quali�cation sample and the analysis method used to evaluatethe data. Within those constraints S-Basis values established since 1975 may be viewed as estimatedA-Basis values.Note 3: MMPDS (Ref. [7]): For properties which do not have a speci�cation minimum, the des-ignated S-basis represents either the calculated minimums using the normal S-basis equation or(in most cases for compression, shear, and bearing properties) the derived properties which gettheir basis from the denominator (see Indirect Analysis). In cases where the primary test direction(speci�cation minimum) is an A- and B-basis, but the derived property is an S-basis, it indicatesthat the reduced ratios were questionable, most likely due to insu�cient data according to currentguidelines.Note 4: MMPDS (Ref. [7]): In the opposite (and fortunately infrequent) situation where the morerigorous A-Basis property falls well below the S-Basis value, the repercussions may be greater forboth the user and producer. Actual design margins (as compared to originally perceived designmargins) on primary structure may be reduced below desirable levels if the S-Basis value mustbe downgraded to a lower A-Basis value. The perceived adequacy of a material for a particularapplication may be reduced if the S-Basis value is reduced to match a lower A-Basis value. How-ever, under most circumstances, the S-Basis value should be reduced to match the A-Basis valueif process improvements cannot be instituted to raise the A-Basis value to the level of the originalS-Basis value.Safe Life: period during which the structure is predicted not to fail in the expected service life environ-ment 28



Note: newly used too as fracture control design policy, for which the largest undetected defect thatcan exist in the part does not grow to failure when subjected to the cyclic and sustained loads andenvironments encountered in the service lifeSafety: de�ned as `absence of circumstances liable to cause death, or degradation or loss of equipmentwithin limits of probability of occurrence' of these events.Note: safety is - in contrast to structural design - related to human beingSafety Concept: deterministic or probabilistic concept or format, respectively, that considers the pa-rameter uncertainties (see Ref. [3])Note 1: concept that implements structural reliability (safety is a wrong term) in design by appli-cation of the FoS.Note 2: Two formats are available for considering design uncertainties:1. The deterministic format accounts for design uncertainties in a lumped manner by enlarging thedesign limit loads by multiplication with FoS.2. The probabilistic format maps each single design parameter's uncertainty into a probabilitydensity function. Thereby, the joint probability of failure, caused by a combination of designparameters, can be considered. The joint probability of failure respects the combination of allscatter-caused varying design parametersSafety Factor (factor of safety FoS): see FoSSample: collection of observations or of measurements taken from a speci�ed population of a smallportion of a material or product intended to be representative of the whole.Sandwich Construction: structural panel concept consisting in its simplest form of two relatively thin,parallel sheets of structural material bonded to, and separated by, a relatively thick, light-weightcoreSaturation: equilibrium condition in which the rate of absorption under prescribed conditions practicallyfalls to zero (essential for conditioning of polymer matrix composites before testing).Note: MIL-HDBK 17 (Ref. [1]), paragraph 2.2.7.2 formulation is: saturisation content is the largestvalue of moisture equilibrium content for a given material under humid conditions at 100 % relativehumidity (RH)Scarf joint: bonded joint in which similar segments of adherends are cut away, with cut areas overlappedand bondedScatter Factor: factor which indicates the variation of a property.Note: In fatigue analysis the factor by which the number of cycles or life time is multiplied in fatigue,fracture and thermal cycling analysis and test in order to account for uncertainties in the statisticaldistribution of loads and cycles; factor by which the number of cycles or life time is multipliedin order to account for uncertainties in the statistical distribution of loads and cycles as well asuncertainties in fatigue analysis, manufacturing processes and material properties are considered.Term is reserved for the lifetime ratio T 50 % over T 90 %, data which stem from s-n curves.Scrim (also called Glass Cloth, Carrier): low cost fabric woven into an open mesh construction,used in the processing of tape or other B-stage material to facilitate handlingSecant Modulus: ratio of stress to strain at any point of a stress-strain curve (tension, compression,torsion, shear).Note: slope of a line from the origin to any point of the curveSection Force (German: Schnittkraft): force acting at a distinct cross sectionSection Quantities: forces and moments acting at a cross section, at a nodeService Life: life of a structural component which starts with the manufacture of the structure and con-tinues through all acceptance testing, handling, storage, transportation, service, repair, re-testing,re-useNote: interval, beginning with the last item inspection or �aw screening proof test after manufac-turing, and ending with completion of its speci�ed life (completion of the mission)29



Secondary Stresses: stresses induced by needs of internal compatibility or by compatibility with theboundary conditionsNote: Secondary stresses are associated with imposed loading or imposed displacements (temper-ature, pre-stressing, settlement, shrinkage). These stresses are not required to achieve equilibriumbetween an internal stress state and the external loadingSecondary Structure: structure attached to the primary structure with low participation in the mainload transfer and overall sti�nessSection: station at a distinct length coordinate x of the structure.Note: In practical application, the term section is unfortunately used as well as for an extrudedbeam (e.g. a product form such as a fabricated steel angle section or a channel section), and thecross section.section forces and section moments: section quantities at a section cut at the coordinate x anddedicated to a distinct cross section (see stress resultants, too)Selvage (selvedge): narrow edge of woven fabric that runs parallel to the warpNote: It is made with stronger yarns in a tighter construction than the body of the fabric to preventravelingSequential Loading: Loading sequences in fatigue loadingSingularity (point): point where a variable reaches an unmeasurable value or in�nite valueShear Center: point at a cross section, where a shear force can be applied without inducing any torsion.Note: in general, the shear center is not the centroid. For cross section areas having one axis ofsymmetry, the shear center is located on the axis of symmetry. For those having two axes ofsymmetry, the shear center lies on the centroid of the cross section. The shear center is also knownas the elastic axis or torsional axisShear Deformation Theories: see First.Order-Shear-Deformation TheoryShear Flow: here: �ow of shear stress given in dimensions of force per length.Shear Modulus (secant): ratio of shear stress to shear strainShelf Life: length of time a material, substance, product, or reagent can be stored under speci�edenvironmental conditions and continue to meet all applicable speci�cation requirements or remainsuitable for its intended functionShell: two-dimensional, curved structural element the thickness of which is small in comparison to theother dimensions.shallow shell: slightly curved shell where a simpli�ed theory may be usedExamples: cylindrical, spherical, conical, etc.Note: a shell may buckle under loadings causing compressive stresses or shear stressesSizing: assessment of dimensions of a structure and term for �ber treatment.Note: for compounds applied to yarns to bind the �ber together and sti�en the yarn to provideabrasion-resistance during weaving. Starch, gelatin, oil, wax, and man-made polymers such aspolyvinyl alcohol, polystyrene, polyacrylic acid, and polyacetatates are employedSleeving: common name for tubular braided fabricSlenderness Ratio: ratio of the e�ective length of a column to the least radius of gyration of its crosssection is called the slenderness ratio (stability analysis)Small-Scale Yielding: yielding of a material at a small spot of the structural component.Note: term used in fracture mechanics indicating whether linear-elastic fracture mechanics is appli-cableSolidi�cation: process when a material becomes a solid quantity that describes the stress situation inthe crack tip vicinity used to estimate whether the crack will grow or notNote: It is a theoretical construct applicable to a homogeneous elastic material and is useful forproviding a failure criterion for cracked brittle materials30



Solute: dissolved materialSpeci�c Gravity: ratio of the weight of any volume of a substance to the weight of an equal volumeof another substance taken as standard at a constant or stated temperature. Solids and liquids areusually compared with water at 4°CSpeci�c Heat Storage Capacity: heat per unit mass a substance can store.Note: 'speci�c heat' is an abbreviation commonly usedSpecimen: piece or portion of a sample or other material taken to be tested. Specimens normally areprepared to conform with the applicable test methodStacking Sequence: arrangement of ply orientations and material components in a laminate speci�edwith respect to some reference directionStaple: either naturally occurring �bers or lengths cut from �lamentsState of the Art: highest level of development, as of a device, technique, or scienti�c �eld, achieved ata particular timeStatically Determinate Structure: structure where all of the unknowns can be found from equilib-rium considerations alone.Statically Indeterminate Structure: structure where not all of the unknowns can be found fromequilibrium considerations alone, compatibility equations must also be used.Note: a structure is said to be redundant if it provides more load paths than are necessary to satisfyequilibriumSti�ness: rigidity of a structure, and elasticity of a material.extensional sti�ness: here, normal sti�ness of an isotropic or laminated wall.Note: also termed membrane sti�ness in the case of plates and shellsStorage Life: amount of time a material can be stored and remain suitable for useStrain: Length change per unit length due to force, temperature, moisture.Note: Strain is frequently expressed in inches per inch, meters per meter, or percent.change in themetric properties of a continuous body in the displacement from an initial placement to a �nalplacementStrain after Rupture: remaining plastic or permanent strain after rupture.Note: permanent increase in gage length due to tension loading, measured after fraction of thespecimen, commonly expressed as a percentage of the original gage length, (in %). A subscript 5in A5 refers to a gage length L of 5 times the diameter for round bar specimensStrain Energy Release Rate Gc: change in strain energy due to the creation of a new crack surfaceThe rate is reckoned with respect to the change in crack area, so if we use U for strain energy, thestrain energy release rate is numerically dU/dA, elastic energy released is equal to surface energyplus plastic deformation energy(Strain-) Hardening: stress increase, in relation to the non-linear stress-strain curve(Strain-) Softening: material non-linear behaviour where the elasticity modulus reduces with contin-uous development of degradation by plastic shear strains or micro-cracksStrand: normally an untwisted bundle or assembly of continuous �laments used as a unit.Note: includes slivers, tow, ends, yarn, etc. Sometimes a single �ber or �lament is called a strandStrength: material resistance equal to the maximum stress the material is capable of sustaining.Note 1: in structural design should be demonstrated material strength (applying strength condi-tions) and structural strength (applying buckling resistance conditions).Note 2: strength is linked to a failure mode such as NF, SF, SY, FF, IFF31



Strength Analysis: assessment of the resistance of a structure in a given mechanical environment thatdemonstrates the structure is able to sustain the applied loadings without unacceptable behavioursuch as rupture, detrimental deformation, buckling.Note: strength analysis bases on models. It leads to design veri�cation, on the basis of computedMoSStrength Property Types, composites: weakest link data (e.g. 'isolated' UD test specimen) andredundant behaviour data (e.g. in-situ values of the 'embedded' lamina)Stress: force per unit cross section area of a surface.Note: denotations used for stresses are primary stresses (external loadings caused), secondarystresses (self-equilibrating stresses, residual stresses, constraint-dependent stresses), and so-calledtertiary stresses (stress gradients at stress concentrations, but these are not stresses) .principal stress: stresses which are the components of the stress tensor when the basis is changedin such a way that the shear stress components become zeromean stress: average of the principal stresses (invariant formulation: σeq = I1/3)v. Mises stress: equivalent stress that is responsible for the shear deformation of the materialelement (invariant formulation: σMises
eq =

√
3 · J2)true stress: force per unit actual cross section areaengineering stress: force per unit initial (nominal) cross section areaStress Analysis: computation of stresses in a structure, due to loadings carried by the structure in agiven mechanical environmentStress Concentration: convergent theoretical stressStress Intensity: in�nite theoretical stress (di�erent grades of singularity)Note: the term used in fracture mechanics to describe the stress singularity (intensity state) nearthe tip of a crack caused by a remote load or residual stresses. It is directly proportional to theapplied loading.Stress Intensity Factor (SIF) K: LEFM quantity that describes the stress singularity at the cracktipNote: It can be used in crack propagation analyses to predict crack growth.Stress Concentration (stress raiser, stress riser): converging theoretical stressNote: phenomenon at a location in a structure where stress is concentratedStress Concentration Factor Kt: ratio of peak value of the non-uniformly distributed stress overnominal stress.Note: quanti�es the local stress increase at notchesStress Redistribution: change of the stress distribution due to non-reversible (inelastic) material re-sponse in the structural element.Note 1: stress redistribution lowers stress peaks and may improve the �tness to use. As a temper-ature treatment means utilized in the production for metallic and composite materials.Note 2: stress redistribution within the thickness of a laminated structure. This redistributionlowers, due to micro-cracking, the matrix-dominated stress level including the residual stressesStress Resultants: system of forces which is statically equivalent to a stress distribution over an areaStress Singularity: description of in�nite stresses at locations of geometric (point, edge line) or materialdiscontinuity.Note: singularities are generally an artefact of the underlying assumptions of linear elasticity andthe associated simpli�cations when developing an engineering model. Stresses tend to in�nite valueswith decreasing distance from the discontinuityStress-strain Curve: graphical representation of the strain-response of a material subjected to a stress.Note: Usually to be used as an average property like other physical quantities (such as αT )32



Stress Tensor: multi-dimensional mathematical formulation of the full stress state in a solid, σij .Note 1: The 9 stress tensor components or 9 stresses may be organized in a matrix (3 × 3). The�rst subscript of a stress denotes the direction of the surface normal upon which the stress acts.The second subscript denotes the direction of the stress.Note 2: The stress state is a second order tensor since it is a quantity associated with two directions.As a result, stresses have 2 subscripts. A surface traction is a �rst order tensor (i.e. vector) since ita quantity associated with only one direction. Vector components therefore require only 1 subscript.Mass would be an example of a zero-order tensor (i.e. scalars), which have no relationships withdirections (and no subscripts).Stress Vector: acting vector σi or {σ} on an internal surface in a continuum, involving the normal andshear stresses (vector components) on that surfaceNote: �rst order tensor (3 x 1), that is also often termed t, from tractionStructural Element: generic element of a more complex structure ('standard structural elements' arecolumn, plate, shell, stringer, shear panel, sandwich panel)Structural Health Monitoring: process of implementing a damage detection and characterizationstrategy for engineering structuresStructure (structural) Integrity: characteristic of a structural element that enables it to withstandthe load environment and the usage imposed during serviceStructure Reliability (<): ability of a structure to ful�ll the functional requirements during a distinctlifetime with a distinct reliabilityStructural Risk: de�ned here arbitrarily as amount of costs (incurred in the case of later failure) timesthe probability P that the distinct failure occurs in the structural partSub-laminate: part of a laminate that is used for simplifying ply-wise modelingSub-cycle sequence (German: Teilfolge): selected loading in fatigue life predictionsSupport (boundary) Condition: refers to the kind of support of a structural element, e.g. for a beam,plate or shell being simply supported or pinned (S), free (F), clamped (C) �xed, guided, elasticallysupported, sti�ened edges.Surfacing Mat: thin mat of �ne �bers used primarily to produce a smooth surface on an organic matrixcompositeSymmetrical Laminate: composite laminate in which the sequence of plies below the laminate mid-plane is a mirror image of the stacking sequence above the mid-plane.Note: mid-plane and symmetry plane coincide for a symmetric laminateSymmetry Plane: plane if the geometry and loading on one side of the structure is mirrored on theother side of the planeT-90: Statistically based lower tolerance bound for a mechanical property such that at least 90 % of thepopulation is expected to exceed T90 with 95 % con�dence (Ref. [7])T-99: Statistically based lower tolerance bound for a mechanical property such that at least 99 % of thepopulation is expected to exceed T99 with 95 % con�dence (Ref. [7])T-Stress: additional, higher term in the de�nition of the stress intensity factor KTack: stickiness of the prepreg.Note: qualitative quantity, di�cult to measure and quantifyTailored Fiber Placement (TFP): reinforcement process (embroidery technology) by which the layup is produced by using a single roving.Note: This roving is �xed by stitching to the base material. The base material can be a 2D-textilesuch as a woven fabric or for thermoplastic composites a matrix-compatible foil material. Duringthe process, the stitching unit is stationary and the base material is moved using numerical control.Enables to realize �ber arrangements that optimally meet the calculated requirements concerningdirection and accumulation of �bers in preforms33



Tailor-made Blanks: application-optimized, two or more joined metal sheets that di�er in thicknessor material composition or condition, before the forming operationsTangent Modulus: elasticity modulus de�ned as slope of the stress-strain curve at any speci�ed stressor strain.Tangential Sti�ness: in non-linear problems the slope of the load-de�ection curve for the current so-lution positionTape: UD prepreg, usually fabricated in widths up to 12 inches wide for carbon �bers.Note: cross stitched carbon tapes up to 60 inches wide are available commercially in some casesTape Laying: fabrication process in which prepreg tape is laid side by side or overlapped to form astructureTex: mass description of the used yarn in g/kmTextiles: woven, or knitted or braided, etc. or even non-woven productsThermal Conductivity: ability of a material to conduct heat, measured in heat, times unit length perunit time, unit area and unit temperature.Note: synonym for heat conductivityThermoplastic (Thermoplast): plastic that repeatedly can be softened by heating and hardened bycooling.Note: can be shaped in the softened stage by molding or extrusionThermoset (Duromer): plastic that is substantially in-fusible and insoluble after having been curedby heat or other meansTiter: measure of concentration.Note: titer is an important characteristic of the used yarn. It de�nes its �neness which is expressedin the unit called tex that means in g/kmTolerance: total amount by which a quantity is allowed to vary.Tolerance Limit: lower (upper) con�dence limit on a speci�ed percentile of a statistical distribution.Example: the B-basis value is a 95 % lower con�dence limit on the tenth percentile of a distributionTolerance in Strength Design Veri�cation: One-sided (static and fatigue strength), and two-sidedtolerance bands (thickness, elasticity properties) have to be consideredTolerance Limit Factor: factor which is multiplied by the estimate of variability in computing thetolerance limitTool: mold, either one- or two-sided and either open or closed, in or upon which composite material isplaced in order to make a partToughness: capability of a material to absorb work, or the actual work per unit volume or unit massof material that is required to rupture itNote: toughness is de�ned as the load-deformation integral (area under the load-elongation curvefrom the origin to the breaking point)Tow: untwisted bundle of continuous �lamentsNote: it is commonly used in referring to man-made �bers, particularly carbon and graphite �bers.It is designated by a number followed by K, indicating multiplication by 1, 000; for example, a 12Ktow has 12, 000 �laments. Unfortunately, the capital letter K is used here for 1, 000 instead of thenormally used kTow placement: see �ber placementTransient Load: deterministic load whose magnitude or direction varies with time and for which theresponse of the structure is signi�cant 34



Transversely-isotropic: descriptive term for a material exhibiting a special case of orthotropy in whichproperties are identical in two orthotropic dimensions, but not the third.Note 1: material possesses identical properties in all transverse directions but not in the longitudinalor principal direction, where superior properties are usually encountered.Note 2: typical assumption for uni-directional materialTraveler: small piece of the same product (panel, tube, etc.) as the test specimen, used for example tomeasure moisture content as a result of conditioningTri-axial Fabric: fabric with three non-interwoven layers, oriented at +45°, −45° and either 0° or 90°,which are bonded together, usually by through-the-thickness stitching, to form a single sheet offabricTri-axiality Factor: factor that marks a 2D- or 3D-stress state that has a fundamental e�ect on ductileand brittle failure behaviourTrue Stress: see StressTwist: measure of the number of turns per unit length that a �ber bundle makes around its axisTypical Basis: typical property value used if statistical signi�cance is unknown.Note 1: De�nition in MMPDS (Ref. [7]): A typical property value is an average value and has nostatistical assurance associated with itNote 2: the typical value becomes a so-called mean value, if it is the simple arithmetic mean whichhas a statistical of 50 % reliability with 50 % con�denceUD-lamina: lamina (ply) with unidirectional reinforcementUnbond: area within a bonded interface between two adherends in which the intended bonding actionfailed to take place.Note: Also used to denote speci�c areas deliberately prevented from bonding in order to simulatea defective bond, such as in the generation of quality standards specimensUltimate Failure: fracture failure at the physical failure loadingUltimate Load: physical fracture load.Note: unfortunately used in aircraft-regulations as limit load multiplied by the prescribed ultimatefactor of safetyUltimate Strength: resistance of a material equal to the load the material specimen can withstandwithout incurring fracture divided by the associated initial cross section area.Note: It is implied that the condition of stress represents uni-axial tension, uni-axial compression(just in case of brittle behaviour given), or pure shear. (rupture or collapse are di�erently usedlimits)Uncertainty: 'unclearness' or fuzziness in loadings, strengths, sti�ness and other design parameterssuch as geometrical parameters, applied engineering models.Note: structural reliability will be increased if the uncertainty can be transferred into a stochasticuncertainty, because a quantitative assessment is then possible. However, this requires measurementor assessment of the scatter of the design parametersUni-directional Laminate: lamina or laminate with non-woven reinforcements and all layers laid upin the same directionUnit Cell: basic model in continuum analysis of composites, assumed to represent all features of theconsidered materialUndulation: waviness of yarnsVacuum Bag Molding: process in which the lay-up is cured under pressure generated by drawing avacuum in the space between the lay-up and a �exible sheet placed over it and sealed at the edges35



Validation: demonstration or providing evidence that something is correct or conforms to a certainstandard.Note1: In data collection or data entry, it is the process of ensuring that the data fall within theaccepted boundaries of the application collecting the data.Note 2: means 'solving the right equations', to be proven by tests. Design validation: Testing aimedat ensuring that a product or system ful�lls the de�ned user needs and speci�ed requirements, underspeci�ed operating conditions.Note 3: a model can be validated only if su�cient physical test data are available. Otherwise it canbe 'just' veri�ed. The same is with a design.Variance: measure of the average distance between each of a set of data points and their mean value;equal to the sum of the squares of the deviation from the mean valueVeri�cation: use of supplementary tests, to ensure the accuracy, correctness, or truth of the information.Note: Means 'solving the equation right', benchmark check in case of design models and theories.Virtual tests accompanied by benchmarks lead to veri�cation not validation. See also DesignVeri�cationVirtual Crack Closure Technique: method which uses a single �nite element solution to obtain avalue for the strain energy release rate for a crack (delamination) propagated over a pre-determinedlengthViscosity: a �uid's property of resistance to �ow.Example: honey has a higher viscosity value than waterVoid: pockets of entrapped gas, �uid that have been cured into a laminate.Note: a physical and mechanical discontinuity occurring within a material or part which may betwo-dimensional (e.g. thin �at dis-bonds, delamination) or three-dimensional (e.g., vacuum-, air-,or gas-�lled pockets). Voids are essentially incapable of transmitting structural stresses or non-radiative energy �elds. Porosity is an aggregation of micro-voids and may decrease sti�ness andstrengthVolume Fraction: portion of a constituent (V ) within 100 % total volumeWarp: longitudinally oriented yarn in a woven fabric.Note: a group of yarns in long lengths and approximately parallelWarpage: out-of-plane deformation of a cross sectionWeave: pattern by which a fabric is formed from interlacing yarnsNote: in plain weave, the warp and �ll �bers alternate to make both fabric faces identical; in satinweave, the pattern produces a satin appearance, with the warp tow over several �ll tows and underthe next one (for example, eight-harness satin would have warp tow over seven �ll tows and underthe eighth).Weft (German: Schuss): `�lling' material of the fabric or transversely oriented yarn, respectivelyNote: for a weft property (i.e. a �ll property) the letter F is used to separate it from warpWet Lay-up: method of making a reinforced product by applying a liquid resin system while the rein-forcement is put in placeWet Strength: strength of an organic matrix composite when the matrix resin is saturated with ab-sorbed moisture (see saturation)Wind Angle: angle between the �ber direction and an established reference axisWinding Pattern: regularly recurring pattern of the �lament path in a �lament winding after a certainnumber of mandrel revolutionsWork Life: period during which a compound, after mixing with a catalyst, solvent, or other compound-ing ingredient, remains suitable for its intended use36



Wrinkle: imperfection in the surface of a laminate that looks like a crease or fold in one of the outerlayersWoven Fabric Composite: major form of advanced composites in which the �ber constituent consistsof woven fabric.Note: a woven fabric composite normally is a laminate comprised of a number of laminae, each ofwhich consists of one layer of fabric embedded in the selected matrix material. Individual fabriclaminae are directionally oriented and combined into speci�c multi-axial laminates for applicationto speci�c envelopes of strength and sti�ness requirementsYarn: continuous assembly of twisted �laments or strands suitable in textile fabrication.Note: generic term for strands or bundles of continuous �laments or �bers, usually twisted andsuitable for making textile fabricYield Strength: material resistance equal to the stress when reaching 0.2 % permanent strain.Note: The yield strength value is usually determined by measuring the departure of the actual stress-strain relationship from the initial, proportional relationship. The speci�ed value is usually takenas a unit strain of 0.002. For very ductile metals both yield strengths (tensile and compressive)become equal.Yield Stress Domains Speci�cs:Local:1. in a material `point', the vicinity of which will take over loading by stress redistribution,2. at a constraint edge of a shell loaded by a bending moment (however, the cross section possessesredundancy in case of ductile behaviour);Global:distributed in the structural component (usual design requirements do not permit global yielding)Young's Modulus: see modulus of elasticity
x-Axis: in composite laminates, an axis in the plane of the laminate which is used as the 0° referencefor designating the angle of a lamina.
x-y-Plane: in composite laminates, the reference plane coinciding with the middle plane of the laminate
y-Axis: in composite laminates, the axis in the plane of the laminate which is perpendicular to the x-axis
z-Axis: in composite laminates, the reference axis normal to the plane of the laminate.Note: often referred to as thickness directionZ-thread: thread, used to �x (when draping) and sometimes also to reinforce a laminate stack in thick-ness direction.
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Dictionary English-German (for a number of technical terms)absorption Aufsaugenadsorption Anlagerungaileron Querruderbraided fabric Ge�echtcohesion Trennfestigkeitcloth Tuch, Sto�curved shallow shell schwach gekrümmte Schalecross section Querschnittdamage Schaden (leider auch Schädigung)damage accumulation Schädigungsakkumulationdamaging portion Schädigungdeep beam gedrungener Balkendesorption Austreibenembroider stickenfabric, woven Gewebefailure Versagenfailure surface Versagensober�äche�ber Faser�lament Einzelfaser�lament-wound structure Wickelkörperfracture toughness Bruchzähigkeitfuzziness Unschärfeknitting Strickenlayer-wise fracture analysis schichtweise Bruchanalyseloop-joint Schlaufenanschluÿmaterial stress e�ort Werksto�anstrengungnon-crimp fabric Gelegeplain weave Leinwandgewebepot life Topfzeitpitch Teilungsatin Atlasgewebesection force Schnittkraftsection quantities Schnittgrössen (generell)shear �ow Schub�ussspacer weave Abstandsgewebespeci�c heat spezi�sche Wärmestress resultants Schnittgrössen (Balken, Platte)taileron Höhenrudersub-sequence Teilfolgethermoset Duromertwill Köpergewebewarp Kettewarp-knitted fabric Gewirkeweft (�ll) Schussweft-inserted schussverstärktweft-knitted fabric GestrickAcknowledgmentMessieurs A. Dühne (LBA), S. Müller (SLK TU-Chemnitz), and A. Spaink (Fokker) are thanked forcontributions and additional checking. 38
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