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ABSTRACT: The fracture properties such as mode I and mode II fracture toughness and the critical strain energy
release rate for different concrete-concrete jointed interfaces are experimentally determined using Digital Image
Correlation technique. Interface beam specimens having different compressive strength materials on either
side of a centrally placed vertical interface are prepared and tested under three-point bending in a closed loop
servo-controlled testing machine under crack mouth opening displacement control. Digital images are captured before loading (undeformed state) and at different instances of loading. These images are correlated and
the surface displacements are computed from which the surface strains, crack opening displacements, loadpoint displacement, crack length and crack tip location are computed. It is seen that the CMOD and vertical
load-point displacement computed using DIC analysis matches well with those measured experimentally. It is
shown that the digital image correlation technique can be very useful for determination of fracture parameters.
1 INTRODUCTION
Currently, the research towards understanding of
fracture behavior of bi-material interface has been a
major area. Understanding the behavior of an interface formed between old and new concrete is very
important in order to predict the performance of a
repaired structure. In composite structures and materials, the weakest part is often the interface between
different materials (Walter et al. 2005). An interface
appears when a repair material is applied to an infrastructure system after rehabilitation. Usually the interface is relatively weaker than the material on either
side of it, in a repaired system. The performance of the
repaired system under loading is strongly dependent
on the performance of the interface. Compatibility between repair material and substrate concrete is recognized to be important for prevention of cracking but
reliable quantification of the required parameters is
lacking (Mangat & O’Flaherty 2000). Further, in order
to protect concrete constructions, quite often layers of
concrete or cement bonded materials are used thereby
forming an interface (Tschegg & Stanzl 1991). The
bonding at interfaces in concrete structures is important
for safety and durability (Kunieda et al. 2000). The
chances of failure by cracking along the interface are
higher because of stress concentration and rapid
change of stress levels along the interface.
Concrete is a heterogeneous material, wherein its
fracture behavior is complicated and the quantification
of fracture parameters becomes difficult. To obtain microscopic information on the failure processes in concrete, a robust full-field measurement method is required
(Choi & Shah 1997). Direct observation of the fracture
process is difficult because of the small scale at

which the micro-structural features interact with the
failure process. A more robust method for studying the
fracture processes is the Digital Image Correlation
(DIC), which has been successfully applied to detect
cracks in concrete and other materials. Using DIC, fullfield surface displacements can be measured with high
accuracy for specimens with multiple cracks at incremented levels of fracture. This technique can be used to
monitor the testing of a wide range of specimen sizes
under different loading conditions (Lawler & Shah 2002).
Only a few experimental works have been reported
regarding the behavior of an interface between old and
new concrete. Tschegg and Stanzl (Tschegg & Stanzl
1991) have measured the adhesive power of bond between old and new concrete by means of a cubic
specimen with a rectangular groove and a starter notch
was split by wedge-load equipment at the interface of
two materials. Tschegg and co-workers (Tschegg et al.
1993) have introduced interfaces with high and low
adhesion between old and new concrete for studying
their fracture behavior. Kunieda and co-workers
(Kunieda et al. 2000) have evaluated the bond properties at the interface between old and new concrete
using the tension softening diagrams. Chandra Kishen
and Rao (Chandra Kishen & Rao 2007) have experimentally investigated the fracture behavior of concreteconcrete transverse jointed interface specimens.
However, not much work has been reported in the
literature on the determination of fracture properties,
such as the mode I and mode II fracture toughness
and fracture energy for concrete-concrete interfaces.
These properties are required in linear and nonlinear fracture mechanics based finite element analysis of structures having joints and interfaces. Proper
characterization of the interfaces is necessary for

performing failure and cracking analysis of structures having interfaces and joints especially, in the
case of patch repaired concrete structures which use
concrete overlays, repaired concrete pavements, cold
joints in mass concrete structures (dams) etc.
In this paper, DIC technique is employed for measuring surface displacements and crack lengths in concreteconcrete interface specimens, which are further used for
computation of fracture properties such as mode I and
mode II fracture toughness and critical energy release rate.
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2 DIGITAL IMAGE CORRELATION

t

Digital image correlation (DIC) is an optical and noncontact measurement technique and is adopted to
analyze the displacements on the surface of an object
of interest. In digital image correlation, the surface images
before and after the deformation are taken by a digital
camera from which the displacement at any point of the
image is computed. DIC is extensively used to study a
very large range of materials, in widely different range
of scales. Originally developed in the eighties (Sutton
et al. 1983, 1986) the DIC-based methods and their
fields of application have been growing steadily due to
the technological progress and affordability of digital
imaging systems. DIC is based on the following principles: the image of the body is described by a discrete
function representing the grey level of each pixel. The
grey level is a value between 0 and 255 of its grey levels with the lowest value representing black, highest
value white, and values in between representing different shades of gray. The correlation calculations are
carried out for a set of pixels, called a pattern. The
displacement field is assumed to be homogeneous
inside a pattern. The initial image representing the
body before distortion is a discrete function f(x, y)
and is transformed into another discrete function
f*(x*, y*) after distortion or displacement. The theoretical relation between the two discrete functions
can be written as (Touchal et al. 1997):
(1)
where, u(x, y) and v(x, y) represent the displacement
field for a pattern as shown in Figure 1.

Figure 1. Initial and Deformed Pattern.

Figure 2. Crack at Bi-material Interface.
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Intact beams (AI) without any interface are also casted
to compare its behavior with the beams having an interface. The interface specimens are tested in a closed
loop servo-controlled testing machine having a capacity of 500 kN. A specially calibrated 50 kN load
cell is used for measuring the load. The load-point
displacement is measured using a linear variable displacement transformer (LVDT). The CMOD is
measured using a clip gage located across the notch.
All the tests are performed under CMOD control with
the rate of crack opening being 0.0005 mm/sec. The
results of load, vertical displacement, CMOD and time
are simultaneously acquired through a data acquisition
system. For digital image correlation, the speckle pattern is to be made on the specimen. The specimens are
initially white washed and a speckle pattern is prepared
over it using a standard black spray paint. The images
of the interface specimen are captured before loading
and during various stages of loading using a digital
camera mounted on a stand as shown in Figure 4. A
remote control is used for capturing the images to
avoid any vibration and also to keep the distance between camera lens and the specimen unchanged.
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5.3 Crack mouth opening displacement
The advantage of DIC technique is that we can determine the crack opening displacement at any position along the crack as shown in the Figure 9, which
is not possible with other experimental sensors such
as, a clip gage, unless we mount a number of them
along the crack.
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Figure 14. Load versus energy release rate.

Figure 12. Load versus CMOD.

For validation of the results obtained from DIC,
the CMOD computed for all the images using DIC
analysis are plotted and compared with those measured experimentally using clip gage, as shown in
Figure 12. It is seen that there is a very close match
between the two. However, one drawback of DIC
analysis seen is that the measurement of CMOD during the initial loading portion is difficult since the
crack does not get initiated as seen from the results
of images 1 to 4.
5.4 Fracture properties of concrete interfaces
The mode I and mode II fracture toughness of the interface beams are determined by substituting the values of crack opening displacement (δx) and crack
sliding displacement (δy) computed at the critical crack
length position in to Equations 7 and 8, respectively.
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