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The software CRACK is developed during the preparation of the following two publications.
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Abstract: The Dugdale crack model is widely used in materials science to predict strength of defec​tive (cracked) materials. A stable Dugdale crack in an elasto-plastic material is prevented from spreading by uni​form​ly distri​buted cohesive stresses acting in narrow areas at the crack tips. These stres​ses are as​sumed to be self created by local materials flow. The strength σCR pre​dic​ted by the Dug​dale model is σCR = (EΓCR/πl)1/2 where E and l are Young's modu​lus and crack half-length respectively of the material considered. The so-cal​led critical strain energy rate is ΓCR = σLδCR where σL is strength, and at the same time constant flow stress, of the un​-crac​ked material while δCR is flow limit (displacement).

ADVANCE \D 2.80Obvi​ously predictions by the Dugdale model are most reliable for materials with stress-strain rela​tions where flow can actually be descri​bed (or well approxi​mate​d) by a con​stant flow stress (σL). A number of materials, however, do not at all exhibit this kind of flow. Such mate​rials are con​sidered in this paper by Modified Dug​dale crack models which apply for any cohe​sive stress distribution in crack front areas. Formally modified Dugdale crack models exhibit the same strength as a plain Dugdale model. The critical energy release rates ΓCR, how​ever, become different. Expressions (with easy com​puter al​go​rithms) are presen​ted in the paper, which relate critical energy release rates and crack geo​metry to arbitrary cohe​sive stress distributions.

ADVANCE \D 5.60For future lifetime analysis of viscoelastic materials strain energy relea​se rates, crack geo​me​tries, and cohe​sive stress distri​bu​ti​ons are considered as related to sub-critical loads σ < σCR. Such infor​mation needed in viscoelastic analysis is not obtained from tradi​tional stress-de​for​ma​tion tests on ma​te​rials.

ADVANCE \D 2.80Limitations of the expressions presented are discussed. They are the same as for the well-known Griffith load capacity, namely: pre​dicted σCR must be lower than σL/3. The rea​son is that ΓCR looses its meaning of an inde​pen​dent mate​rial pro​per​ty at higher strengths. A more gen​eral strength express​ion apply​ing at any strength predicted is sug​ge​sted intro​ducing a so-called characteristic micro structural dimension, which captures the materials failure prop​erties in a more efficient way than ΓCR, does.

ADVANCE \D 2.80Identification of a characteristic micro structural dimension will cause that the ratio​nale behind traditional ΓCR-determination by stress-deformation tests has to be modified. It is therefore suggested that future research on strength should include characteris​tic micro structural dimen​si​ons as a sepa​rate topic.
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Abstract: The so-called Dug​dale/Baren​blatt theory to strength determination of crac​ked materials is adapted such that it can be used in a complete and consistent ana​lysis of the behaviour of cracks when the material is subjected to subcritical loads (less than the materials immediate, un-cracked, strength). 'Con​sistent' means that the respective cohesive stress histo​ries are parts of a global, experi​men​tally deter​mi​ned cohesive stress-displacement graph.

To the best knowledge of the author such analysis has not yet been made although this step of analysis is probably the most important one with respect to design of real struc​tu​ral members. These carry loads, which are, of course, considerably smal​ler than the fai​lure load.

Cracked viscoelastic materials (such as cementitious materials) will fail when sub​jec​ted to any load, including subcritical loads. Due to creep, failure becomes a time dependent phenomenon. Upper and lower bounds for the time to failure ini​ti​a​tion are determined in this paper. It is hereby made probable that the true time to failure initiation comes closest to the upper bound solution. Estimates made by tra​​di​tional means (strain energy release rate con​siderations) are absolute lower bound solutions.

The assumption made in most theoretical analysis that material properties are ge​nu​ine (inherent, time-independent properties) is some​what hard to maintain in prac​tice. The paper demonstrates that measured strength of cracked materials is creep dependent such that a significant gain in measured strength can easily be obtai​ned decreasing the testing time from a couple of minutes to less than a se​cond.

Basi​cally the paper is written with no special material in mind. Examples, how​ever, are based on material properties deduced from the literature on hardened cement paste (HCP). Some new aspects are revea​led on the strength of cracked mate​rials, which are not yet considered by experiments. Hopefully the paper may inspire to further experimen​tal work on the influence of creep on the strength of sub​cri​tically loaded HCP and other cemen​titious materials.

Finally, a method is outlined in the paper by which bounds for the total lifetime (time to failure initiation + time for propagating cracks to reach their critical lengths) can be determined for subcritically loaded cracked materials.

Sammenfatning: Revnede materialers adfærd under sub-kritisk belastning (< mate​rialestyrken) under​søges i denne artikel. Den praktiske relevans af en sådan under​søgelse er oplagt. Enhver kon​struktion vil i brugstilstand naturligvis stå med spæn​dinger, der ligger under de, der frem​kalder brud. Det teoretiske grund​lag i artik​len er en tillempet Dugdale/Barenblatt teori med arbi​trær sam​men​hængs​spæn​ding i revnefronter.PRIVATE 

Det specielle problem, der løses i artik​len kan formu​le​res: Hvor​dan opfører et mate​riale sig, når der med fuld ret kan forlanges kon​si​stens mellem sam​men​hængs​spæn​din​gerne ved enhver sub-kritisk belastning. Det vil sige, at sam​men​hængs​spæn​din​gen ved enhver sub-kri​tisk belastning skal kunne beskri​ves som del af en global sam​menhængs​spæn​ding, nemlig den eksperimen​telt bestemte, der under navnet 'stress-dis​pla​ce​ment graph, anvendes til bestem​melse af den så-kaldte kri​tiske tøjnings-energi-ha​stig​hed.

Rev​nede viskoelastiske materialer (som f.eks. cementbaserede) vil bryde sammen under enhver belastning, inklusive sub-kritiske laster. Grundet krybning er styrken ble​vet et tids​afhængigt fænomen. Grænser opstilles i artiklen for tiden til begyn​den​de kryb​nings​brud, det vil sige tiden til begyndende rev​neud​bre​del​se/ma​te​ria​le​ned​brydning. Det sand​syn​​lig​​gøres, at den sande tid til begyndende krybningsbrud lig​ger nærmest den øvre grænse. Det vises, at den tid, der normalt bliver skønnet (hvis overhovedet) på grund​lag af tøj​nings​-ener​gi-ha​stig​​hedens udvikling, er en absolut nedre grænse​værdi.

Det vises, at krybningens indflydelse på målt 'styrke' kan være så udpræget, at en bety​den​​de styr​​kegevinst nemt kan opnås ved at reducere prøvetiden fra nogle minutter til under et sekund.

Grund​læggende er artiklen skrevet uden tanke på et bestemt materiale. I ek​semp​ler​ne er der imidlertid tænkt på hærdnet cementpasta (HCP). Der afsløres her visse for​hold, der hidtil ikke har været belyst eksperimentelt. Forhåbentlig vil artiklen i den henseende inspi​rere til levetidsstudier af sub-kritisk belastet HCP - og kryb​ning i revne​fronts​om​råder.

Afslutningsvis skitseres en metode med hvilken grænser for den totale materiale-leve​tid (tid til katastrofebrud) kan bestemmes.








