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Abstract 
The continuum description of concrete fracture response is very efficient 
for practical applications in the safety assessment of large mass concrete 
structures. A porn-damage constitutive model is presented in this paper, 
with a direct dependence between the state of damage evolution and 
pore-pressure inside the fracture process zone. Experimental results 
published in the literature, on the water-fracture interaction effects 
concrete specimens, are considered to validate the numerical 
implementation. The proposed model may be used to analyse concrete 
dams, where the permeability of the intact concrete is low, and the water 
pressure effects are generally confined within the construction 
the fracture process zone of newly evolving crack profiles. 

1 Introduction 

The porn-fracture modelling of concrete is an indispensable part 
safety assessment of water retaining structures. Cracks that originate on 
the upstream face of a structure are subjected to additional loading effects 
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accumulated damage in the material (O~d~ 1). The evolution of d is 
defined based on the deformation state, that is expressed by an equivalent 
strain of the continuum as follows: 

1-K ~ i T E eq = ( K + -) - . { E} . ( C ]0 . { E} 
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where E0 is the Young's modulus of the virgin material; m is the ratio 
between compressive and tensile strengths of concrete; K is the weighted 
average of the tensile stress amplitude; and oie (i = 1,2,3) are the principal 
stresses if the material were in an undamaged state, {a} e = [C]0{ E}. The 
damage process initiates when Eeq exceeds the initial threshold, E0t: 

t h 
Eo = - (4) 

Eo 

where ft is the u~ial tensile strength of concrete. At the post-elastic 
state, the new thieshold (E/) is set to the maximum deformation response, 
Eeq, that has been attained during the past loading history. Using an 
exponential degradation form of the elastic properties, and the principle of 
conservation of fracture energy, the evolution of damage is expressed as: 

Gf is the fracture energy of concrete, and lch is the width of the 
numerically simulated crack band. A schematic representation of the 
damage evolution law is shown in Fig. 1. 
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Fig. 1 Isotropic damage mechanics model 
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4 Poro-fracture interaction model 

The micro-mechanical damage is assumed to be homogeneously 
distributed, and an isotropic porn-damage constitutive model is adopted to 
describe the stress-strain response of the porous media. The effective 
mechanical stress in the continuum, {a}, is defined as follows (Fig. 2): 

( 1 - d){ a} = {a V + { b} p 

where {aris the externally applied stress; pis the internal pore pressure; 
and {b} = b{ 1, 1, 1, 0, 0, 0} T defines the effective porosity of the continuum, 
b (O~b~ 1) being the Biot coefficient. The effects of micro-mechanical 
damage on the pressure field of the continuum are expressed by the 
following two recursive expressions: 

• The effective porosity of the material increases as: 

bi = bi-I + (l -bi-1) f/d) 

• The internal pore-pressure p changes as: 

Pi = PH + (Pm -pi-I) gi(d) (8) 

where i-1 and i refer to two successive damage evolution steps; i(d) 
[O~J;~ 1] is a parameter that relates the effective porosity to the state 
damage in the continuum; Pm is the maximum pressure that may develop 
at the completely damaged state; and gld) [O~gi~ 1] represents the 
interaction between the state of damage and the fluid pressure inside the 
pores. The functions J; and gt may be intuitively defined, and 
suitability can be verified by comparing the predicted responses with the 
experimental results. In the present numerical investigations, the rate of 
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Fig. 2 Effective stresses in the saturated porous continuum 
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4 Numerical simulation of the experimental results (Briiwiler and 
Saouma 1991): (a) no water pressure, (b) with water pressure 

section. The first porn-fracture analysis is conducted with an incremental 
application of water pressure only, and the specimen fails under an applied 
pressure of 1.3 MPa. However, this value can not be verified since no 
experimental result is available on specimens failing under water pressure 
alone. The laboratory test case with Pm=0.5 MPa is considered next for 
numerical experiments. The water pressure Pm was applied and released 
several times in the laboratory, and the specimen was eventually failed 
with wedge splitting mechanical load, Fs. The CMOD at the level of 
loading was monitored and the load Fs was adjusted under the changing 
water pressure and CMOD responses. The indirect displacement control 
algorithm has been used in the present analyses to adjust the applied load 
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for the changes in hydrostatic pressure and the CM 0 D response. 
Experimental and numerically predicted responses are compared 
4(b). The overall responses are in good agreement with each other. 
However, the numerical response is in general slightly stiffer than 
experimental response. A substantial difference occurs after 
release of the water pressure at CMOD of 0.26 mm. The ...... ~ ........ ...,.L 

analysis shows a higher mechanical resistance before the failure of 
specimen. Similar behaviour is observed when responses are ""''"'i ........ ...,, ....... ...., ...... 

for the test cases of Pm=0.3 MPa and 0.9 MPa (not shown here). 
discrepancy after the final release the water pressure seems to increase 
with an increasing amplitude of Pm· Some improvements could be 
by adjusting the values of b0 and d0 within a physically meaningful 
However, such parametric adjustment of the numerical results can be 

· performed only for known experimental conditions, and the general 
application of the numerical model will be still subjected to uncertainties. 

The water pressure in the might have caused additional micro-
structural damage that resulted in a reduced mechanical resistance 
laboratory specimen. The existence of residual water pressure in 
might also have contributed to an apparent reduction of the ............ ,...., ....... 1.4 ........ .., ........ 

resistance. A transient coupled analysis model is required to investigate 
these aspects of the porn-fracture response of concrete. 

6 Conclusions 

The poro-damage model appears to provide a reasonable simulation of 
water-fracture interactions in the fracture process zone of concrete. 
However, the damage induced by water pressure seems to be higher 
experimental response. A better correlation between the experimental 
numerical responses could be obtained by adjusting the porn-fracture 
model parameters. Additional micro-mechanical damage caused by 
pore-water pressure, that are not reproduced by the effective stress-strain 
model, may be considered by adjusting the specific fracture energy 
concrete. However, more experimental investigations should be conducted 
before any such empirical adjustments are made in the fracture resistance 
parameters. 
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