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BackgroundBackground

• Viscoelastic creep mechanosorption and used adhesives• Viscoelastic creep, mechanosorption and used adhesives 
can affect the crack propagation in glulam structures.

• Lack of specimens suitable to study crack growth at 
sustained loads with eventual impact of moisture variation 
(for both solid wood and glue-lines).

• Relatively few publications on the viscoelastic creep crack 
growth of wood.growth of wood.
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Wedge splitting specimen Stanzl Tschegg 1995Wedge-splitting specimen, Stanzl-Tschegg, 1995

For T >= 40 mm no size effect for G fFor T >  40 mm no size effect for G_f 

G_f (RL) = 240 J/m^2,   
G_f (TL) = 150 J/m^2 Experimental curves 
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Parameters Identification by Abaqus (Zagari & Fortino 2009)Parameters Identification by Abaqus (Zagari & Fortino, 2009)

Tools for the “Parametric identification”:
• Abaqus cohesive elements, exponential damage law, Riks analysis
• Abaqus Scripting

Parametric Analysis: 
• a certain number of nonlinear analyses for monotonically 

proportional loads scaled with G (experimental fracture energy);proportional  loads scaled with Gf (experimental fracture  energy);
• minimization of the difference between calculated FEM curve and

experimental curve (least square approach or more complicated
statistical approaches).)

Note:
- Experimental load-displacement curves needed.
- Lack of experimental data for glulam.
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Parametric analysis (Zagari & Fortino 2009)

• Optimal parameters obtained by identification process:

Parametric analysis (Zagari & Fortino, 2009)

0.1504.530.252.66⋅106TL

0.2405.340.492.66⋅106RL

Jcrit [kJ/m^2]αWmax [mm]Tmax [MPa]

TL

To 
RL

(Stanzl-Tschegg 1995) 
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Load-displacement curve in NLFMLoad displacement curve in NLFM

(Stanzl-Tschegg 1995) 

TL

RL
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Opening of the wedge-splitting specimen during loadingp g g p g p g g

Progression of Process Zone 
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J integral-crack growth curve (R-curve) 

LPF-Crack Growth curve
Stanzl (1996), computational curves( ), p

Note: curves obtained by using
Abaqus Scripting tools: 
new J-integral calculation for 
each equilibrium point in LPF-each equilibrium point in LPF-
CrackGrowth curve. 

RL configuration: Computational curve (qualitative) 
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Crack initiation - Viscoelastic  J integral
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Crack initiation - Mechanosorptive  J integral



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Implementation of the generalized J integral
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Viscoelastic J integral for constant load (P<P it)Viscoelastic J integral for constant load (P<Pcrit)

Calculation of the '‘critical time'' ---> onset of crack 
propagation: reaching of the elastic fracture energy value? 



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Viscoelastic J integral for constant load (P<Pcrit) 

The elastic fracture energy and the ''critical times'' are reached for       
values of P near to  Pcrit. 

Full model for varying moisture cases:  critical time and critical 
moisture during a moisture varying process 
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Micro wedge-splitting specimen – Vasic and Stanzl_Tschegg (2007) 
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Applications of the proposed  method to glulam
• Modified DCB-specimen, Mode I (MPA, Germany).

• Modelling of the the glue through cohesive elements.

• Definition of a damage model per each glue on the basis of its energy 
fracture. NLFM analysis.
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Modified DCB specimen - Short term testModified DCB specimen Short term test
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Modified DCB specimen - Short term testModified DCB specimen Short term test
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Conclusions and Future work
Conclusions on crack initiation modelling:

• Importance of the viscoelastic and mechanosorptive models ofImportance of the viscoelastic and mechanosorptive models of 
wood for calculating the critical time (and the critical moisture) at 
the onset of crack propagation. Interesting theoretical results in 
terms of generalized J integral. 
Diffi lt t f i t l t tDifficulty to perform experimental tests.

Future work on crack propagation:

• Simulation of crack growth under sustained loads: viscoelastic  
model for wood and cohesive elements. 

• Simulation of crack growth under varying moisture content:• Simulation of crack growth under varying moisture content: 
viscoelastic-mechanosorptive model and cohesive elements. 

• Definition of suitable damage models in both cases starting from g g
the elastic ones already proposed. Transient analysis.

• Experimental work: application of sustained load and/or moisture 
variation after the initiation of crack growth Long term testsvariation after the initiation of crack growth. Long-term tests.


