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When a crack with a particularly large 
opening is detected in a reinforced concrete 
bridge of importance, monitoring the latter 
permits the gathering of data which may be 
interpreted and used to assess realistically 
the structural safety of the bridge. Typically, 
small sensors called strain gauges may be 
fixed accross the crack to register the 
displacements along their own direction. 
Recently, advanced techniques which make 
use of photography have been introduced in 
the laboratory and allow a much more 
complete registration of the crack 
displacements. The Master project was 
aimed at investigating the use of such 
techniques for the monitoring of cracks in 
situ. A network of cracks was discovered 
inside the box-girder of a large pre-stressed 
concrete bridge, Viaduc de Chillon (see Fig. 
1). The segment visible in Fig. 1 and 7 was 
selected for monitoring.

————————————
We distinguish between “short-term crack 
monitoring” performed over a few seconds 
or minutes when the bridge is subject to 
trafic and “long-term monitoring” which 
gives the tendency of the crack 

displacements over several years.
The image-based method applied for 

short-term monitoring is called     
jjjjjjjjjDigital Image 

Correlation (DIC). The principle of the 
method is the following: (1) the concrete 
surface is prepared with a high-contrast or 
“speckle” pattern. Typically, a white 
basecoat is painted and then speckled with 
black dots (see Fig. 10); (2) the setup shown 
in Fig. 5 is installed. It consists of a 
combination of two cameras directed at the 
crack commanded by a computer and a 
strong source of lighting for illumination of 
the field of vision; (3) photographs of the 
surface are captured before and after a 
deformation (typically a crack 
displacement). An operation called 
“subset-matching” is used to compare both 
couples of images and obtain displacement 
fields along the three dimensions; (4) the 
displacement fields may be used to compute 
deformation fields; (5) the geometry of the 
crack is extracted from the principal 
deformation field and the displacements at 
each crack point is obtained from the 
displacement fields. We decompose the 
displacement vector into an opening 
component δn, perpendicular to the crack,  
and a sliding component δt. 
The precision of the technique was assessed 
using a test called Zero Displacement Test in 
which photographs with no apparent 
displacements are captured and then 
compared. The computed displacements 
which correspond to the error are quantified 
using the standard deviation NV. The 
distribution of the measurement error 

depending on the position inside the 
field of vision is 

s h o w n 

in Fig. 2. This error is directly proportional 
to the pixel size (which was 0.3 mm with the 
setup shown in Fig. 5).
The average crack opening and slip 
measured with DIC when a lorry passes on 
the viaduct are represented in Fig. 6. The 
opening component fits the influence line of 
the bending moment (taken at the level of 
the crack) very closely. The crack slip is 
dictated by the torsional moment. Fig. 3 
shows the crack kinematics, e.g. the 
displacements at every crack point, for 
selected timesteps. The complexity of the 
kinematics captured by DIC examplifies the 
completeness of the obtained data compared 
to those obtained with strain gauges.

————————————
DIC cannot be used for long-term 
monitoring because the photographs 
captured before and after dismounting and 
remounting the setup cannot be compared 
with the subset-matching algorithm. 
However, a method which makes use of the 
same setup and may be used complementary 
to DIC for long-term monitoring was 
developped during the master project. 
Round black points called “markers” are 
fixed either side of the crack. The centre of 
such markers may be detected in images 
with a good precision. By comparing the 
marker positions in photographs captured 
before and after a crack displacement, a 
best-fit relative rigid-body motion of the 
crack lips may be computed and used to 
obtain the long-term crack displacement. 
The measurement precision was quantified 
using the standard deviation of several 

measurements. It depends on several 
factors (contrary to DIC):  

jjjjjjjj(i) the 

number of markers either side of the crack; 
(ii) the distance between the centroids of the 
two groups of markers; (iii) the average 
distance between each marker inside each of 
the two groups; (iv) the number of averaged 
measurements; (v) the position of the crack 
point relative to the centroid of all markers. 
Fig. 8 shows the measurement errors for 
several dispositions of markers.
Long-term measurements were simulated on 
the crack previously described. 
Simultaneous DIC and marker 
measurements were carried out on 
photographs captured  at intervals of three 
minutes during nineteen hours (the effect of 
daily temperature changes is captured). DIC 
was considered as a ground truth for the 
measurements. Fig. 9 shows an excellent 
concordance of both results. Additionally, it 
shows that averaging ten measurements 
significantly improves the precision.

————————————
The main conclusions of the project are 
listed here: (1) sophisticated laboratory 
techniques may be used instead of the 
traditional crack monitoring techniques with 
a considerably more complete capture of its 
behaviour. The optical setup may be used to 
monitor several bridges parallelly contrary 
to the traditional strain gauges which stay 
fixed; (2) DIC cannot be used for long-term 
measurements. However, marker detection 
is appropriate and may easily be used 
complementarily; (3) the precision obtained 
with DIC for crack monitoring reaches 
1/150 of one pixel (± 1 μm with our setup); 
(4) the precision of marker measurements 
depends on several factors but may reach 
1/150 of one pixel. A disposition of markers 
may be designed according to the desired 

precision depending on the cases.
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(1) Cut-out axonometric of Viaduc de Chillon with observed cracks; (2) Spatial distribution of the Digital Image Correlation (DIC) measurement error NV; (3) Crack kinematics at selected time-steps obtained with 
DIC during passage of a lorry; (4) Detail of a marker; (5) Photography of the setup inside the box-girder of the bridge; (6) Average crack opening and slip obtained with DIC during passage of a lorry; (7) Photography 
of the investigated crack segment; (8) Error interval for crack kinematics obtained through marker measurements for several marker dispositions; (9) Average crack opening obtained by both DIC and marker 
measurements over nineteen hours (thermal effects are captured); (10) Photography of the crack equipped with speckle pattern (for DIC measurements) and markers.


