
Computational modeling of damage evolution in short
fibre-reinforced concrete due to cyclic loading
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ABSTRACT

Concrete is an archetypal quasi-brittle material that is characterized by a finite-sized fracture
process zone (FPZ) in which various damage and toughening mechanisms play a significant
role on crack development and propagation. With addition of fibers, the characteristics of con-
crete change significantly and it becomes more ductile due to drastic increase in inelastic energy
absorption during fracture development owing to fiber-matrix debonding. In fiber-reinforced
concrete, toughening mechanisms such as crack deflection and meandering due to the presence
of large heterogeneities, contact shielding i.e., wedging due to debris and crack-roughness induced
crack closure, crack face bridging due to tough aggregates and unbroken ligaments, crack trap-
ping and pinning by aggregates and most importantly fiber-matrix debonding [1,2] are mostly
governing fracture evolution. In cyclic loading these mechanisms play an even more important
role, as their influence on overall degradation evolves with the number of cycles (e.g., the crack
surface roughness decreases due to frictional sliding between crack faces, the traction carried by
bridging ligaments decreases due to repeated loading and unloading, and the fiber-matrix bond
deteriorates). In order to accurately model these physical processes, a mechanistic material
model based on experimental observations is proposed. To this end, we take as a starting point,
a numerical model for damage and aggregate interlock in concrete [3]. This model captures
ligament bridging and aggregate interlock in shearing by means of a cohesive law coupled with
the crack-closure transition function. We enhance the model proposed by Jefferson and Mihai [3]
by incorporating the effect of loading-unloading hysteresis that characterizes the physical mech-
anism of the polishing of crack surfaces due to repeated friction and weakening of the bridging
ligaments as well as deterioration of the bond between short fibers and cement matrix. Model
predictions are compared with laboratory measurements.

REFERENCES

[1] Li, V. C. and Maalej, M. Toughening in cement based composites. Part I: Cement, mortar,
and concrete. Cement and Concrete Composites (1996) 18: 223–238.

[2] Li, V. C. and Maalej, M. Toughening in cement based composites. Part II: Fiber reinforced
cementitious composites. Cement and Concrete Composites (1996) 18: 239–249.

[3] Jefferson, A. D. and Mihai, I. C. The simulation of crack opening–closing and aggregate
interlock behaviour in finite element concrete models. International journal of Numerical
Methods in Engineering (2015) 104: 48–78.


