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 G. Gobbi et alii, Frattura ed Integrità Strutturale, 35 (2016) 260-270; DOI: 10.3221/IGF-ESIS.35.30 260 Focussed on Crack Paths A cohesive zone model to simulate the hydrogen embrittlement effect on a high-strength steel G. Gobbi (http://orcid.org/0000-0001-7127-1287 ) C. Colombo (http://orcid.org/0000-0003-2074-6726) L. Vergani (http://orcid.org/0000-0003-2353-7751 ) Politecnico di Milano, Department of Mechanical Engineering, Via La Masa 1, 20156 Milano (Italy) giorgia.gobbi@polimi.it,  chiara.colombo@polimi.it,  laura.vergani@polimi.it A BSTRACT . The present work aims to model the fracture mechanical behavior of a high-strength low carbon steel, AISI 4130 operating in hydrogen contaminated environment. The study deals with the development of 2D finite element cohesive zone model (CZM) reproducing a toughness test. Along the symmetry plane over the crack path of a C(T) specimen a zero thickness layer of cohesive elements are implemented in order to simulate the crack propagation. The main feature of this kind of model is the definition of a traction-separation law (TSL) that reproduces the constitutive response of the material inside to the cohesive elements. Starting from a TSL calibrated on hydrogen non-contaminated material, the embrittlement effect is simulated by reducing the cohesive energy according to the total hydrogen content including the lattice sites (NILS) and the trapped amount. In this perspective, the proposed model consists of three steps of simulations. First step evaluates the hydrostatic pressure. It drives the initial hydrogen concentration assigned in the second step, a mass diffusion analysis, defining in this way the contribution of hydrogen moving across the interstitial lattice sites. The final stress analysis, allows getting the total hydrogen content, including the trapped amount, and evaluating the new crack initiation and propagation due to the hydrogen presence. The model is implemented in both plane strain and plane stress configurations; results are compared in the discussion. From the analyses, it resulted that hydrogen is located only into lattice sites and not in traps, and that the considered steel experiences a high hydrogen susceptibility. By the proposed procedure, the developed numerical model seems a reliable and quick tool able to estimate the mechanical behavior of steels in presence of hydrogen. K EYWORDS . Hydrogen embrittlement; AISI 4130 steel; Toughness test; Cohesive zone model; Traction- separation law. I NTRODUCTION ydrogen embrittlement phenomenon is an issue known since several years in engineering field. Different structural steels and alloys show sensitivity to hydrogen. In particular, when atomic hydrogen gets in contact with these materials they experience a drastically decrease of the mechanical properties that can result in failure H
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