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The use of of bio materials in sustainable construction aims to reduce the environmental 

impact of buildings. However, the wood material suffers from several drawbacks,  such as the 
uncertainties of the timber mechanical properties, the knots of the material and the appearance 

of cracks. However, the timber elements exhibit micro-cracks, which can propagate due to 
fatigue, overload or creep loading. Thus, crack initiation is one of the most important factors 
involved in the collapse of timber component in building structures. To predict the crack 

initiation, many numerical methods have already  been developed to characterize the 
mechanical fields in the crack tip vicinity [1]. In this work, energy method based on invariant 

integrals is used to estimate the fracture parameters such as energy release rate and stress 
intensity factors [2]. The analytical formulation of the T-integral to viscoelastic materials [3] 
is extended to A-integral in order to take into account the effect of thermal loading and the 

effect of moisture variation [4]. In fact, the study of the crack growth initiation and crack 
propagation in wood timber may consider the effect of temperature and the moisture content 

on the mechanical field distribution in the crack tip vicinity. 
 
Structural optimization is widely used for effective cost reduction of civil engineering 

structure. Several works have used the Deterministic Design Optimisation (DDO) approach to 
design timber trusses [5]. The Deterministic Design Optimization procedure is based  on 

minimizing an objective function as the structural volume or cost subjected to geometric, 
stress and deflection constraints. These design conditions are considered in accordance with 
Eurocode 5 in order to satisfy the requirements of both the ultimate and the serviceability 

limit states. However, in the context of fracture mechanic limit state, the DDO-based on the 
partial safety factors is not conservative since these safety factors are not calibrated on the 

basis of the fracture mechanic limit state.  
 



 

The rational approach consists in considering uncertainties arising from the material 
properties, crack geometry and loading parameters in the design optimization procedure. The 

Reliability-Based Design Optimization is developed to balance cost and reliability, where 

it offers a means to quantify uncertainty propagation and determine a priori the most 
reliable design that meets performance criteria. However, the RBDO implies the 
evaluation of probabilistic constraints, which can be performed by nested loops of 

optimization and reliability procedures, leading to expensive computation effort for RBDO of 
real engineering structures [6]. 
 

In the present work, a new methodology of reliability-based design optimization of timber 
beams considering the crack propagation is proposed. The proposed method uses the Kriging 

metamodel to approximate of the mechanical response (i.e. the stress intensity factors and the 
energy release rates). The kriging metamodel approximation is adopted in order to 
surrogate the performance functions. The RBDO approach combines updating kriging 

approximation by using the technique of constraint boundary sampling to enhance the 
prediction of the Kriging model. Consequently, the obtained approximation is close to the 

target limit state function, especially in the vicinity of the most likely failure point. The 
application to search the optimal design of timber beams with the maximum strength to the 

fracture failure shows the interest and the effectiveness of the proposed method. 
 
 

 

Figure 1: Kriging approximation of the energy release rate and the mean square error  
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