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Abstract: Terrestrial laser scanning (TLS) has become one of the potential technologies for an object three-
dimensional (3D) information acquisition. The using vibration analysis for early detection of cracks has gained 
popularity over the years and in the last decade substantial progress has been made in that direction. However, 
the crack detection using TLS is also a good method. In the experimental part of this study, the effect of crack 
width and location on modal properties of the beam was investigated. The recent paper provides a method for 
automatic concrete cracks detection from the data that was obtained by TLS. The method of cracks detection is 
achieved by six steps. The objective of this study is to analyze the crack of concrete beams both experimentally 
and using MATLAB analysis. Besides this, information about the width, location and percentage of cracks in 
cracked concrete beams can be obtained using this technique. Copyright © 2015 IFSA Publishing, S. L. 
 
Keywords: TLS, Crack, Concrete, Point cloud, MATLAB. 
 
 
 
1. Introduction 

 

Terrestrial laser scanning (TLS) has become one 
of the potential technologies for object 3D 
information acquisition. The using vibration analysis 
for early detection of cracks has gained popularity 
over the years and in the last decade substantial 
progress has been made in that direction. However, 
the crack detection using TLS is also a good method. 
Dynamic characteristics of damaged and undamaged 
materials are very different. For this reason, material 
faults should be detected. An automatic crack 
detection of concrete surface is very effective for 
further processing. The crack information can be 
used to study material properties and prevent damage 
of the structure. In practice, cracks on concrete 
surfaces are traced manually for diagnosis. The 
automatic crack detection is highly desirable for an 
efficient and objective crack assessment. The 
behavior of a concrete structure can be studied by the 

experimental modal analysis. Behaviors of damaged 
and undamaged materials are very different. For this 
reason, material faults should be detected, especially 
in beams. A crack formation due to cycling loads 
leads to fatigue of the structure and to discontinuities 
in the interior configuration. Therefore, there is a 
need to understand the dynamics of cracked 
structures [1]. 

The recent paper describes a method for 
automatic concrete cracks detection from the data 
that was obtained by TLS. The method of cracks 
detection is achieved by six steps: getting the image 
of concrete surface intensity, graying, contrast 
enhancing, median filtering, binarization and 
denoising. In this study, the dynamic analysis based 
on the cracked concrete beam analysis was 
experimentally evaluated. In the experimental part of 
this study, the effect of crack width and location on 
modal properties of the beam was investigated. 
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1.1. Research State of the Art 
 

In the recent years a wide range of models and 
applications have been proposed for crack analysis, 
and an impressive array of useful information has 
been accumulated. As a result, the theoretical basis of 
the discipline has been strengthened; a number of 
fundamental issues solved; and the range of 
applications widened [2]. 

Nowadays, TLS is often used in various fields 
such as civil engineering or archaeology for object 
modeling, geographic information system and so on. 
However, an application for system identification and 
structural health monitoring is in the beginning stage 
[3]. Rosser et al. [4] use TLS to monitor changes on 
coastal cliff faces. The results demonstrate that the 
terrestrial laser scanning can be used to quantify cliff 
failures to a previously unobtainable precision. 
Monserrat et al. [5] monitor land deformation using 
repeated TLS scans and estimate the deformation 
parameters using local surface matching. It is 
interesting to note that the results were achieved 
under non-optimal conditions, e.g. using non-
calibrated data and sub-optimal targets from the 
matching viewpoint. Lee et al. [6] present health 
monitoring of structures using TLS and adopt a 
displacement measurement model to improve the 
accuracy of the measurement. Many techniques and 
devices for acquiring 3D information have been 
developed in the recent years [7-10]. As terrestrial 
laser scanners have become more available, their 
applications have become more widespread, creating 
a demand for affordable, efficient and user-friendly 
devices [11-14]. Several studies have analyzed the 
behavior of these instruments [15-18]. 

The concrete surface measurement of TLS is done 
by many researchers. Somebody convert point clouds 
into a consistent polygonal or mesh [19]. Vertices, 
edges, faces and so on are contained in this mesh 
surface. Tsakiri et al. [20] take advantage of planes 
fitted to point clouds when gauging the displacement. 
The plane model is suitable for small areas, thus the 
section is divided into grid cells. As for the 
monitoring of tunnel, Van Gosliga et al. [21] 
configure the tunnel model with a cylinder. Chang et 
al. [22] develop a program in order to analyze the 
structure surface. The surface data such as the degree 
of deformation is acquired easily by statistic 
regression and polynomial function. Karl-Rudolf 
Koch [23] fits a three dimensional NURBS [24] 
surface by the lofting method. It is shown that the 
lofting method for estimating the control points and 
their simultaneous estimation gives identical results 
for time-dependent problems. 

 
 

1.2. Framework 
 

This paper analyzes the cracks with the 
experiment on the behavior of concrete beams. 
Concrete structures are commonly designed to satisfy 
criteria of serviceability and safety. With the 

MATLAB software, we deal with every load beam as 
the work-flow shown in Fig. 1. 

 
 

TLS measurement 

Test set up Original picture for 
processing

TLS measurement  Gray image  

Point cloud processing 

Crack analysis  

Contrast enhanced image 

Median filtering 

Image after thresh holdingDenoising 

Area precentage 

 
 

Fig. 1. The work-flow of crack analysis by MATLAB. 
 
 

We have six steps in the Fig. 1: 1) The point 
cloud are collected by TLS measurement; 2) The 
original image extracted from the intensity of point 
cloud are required for processing; 3) We get the gray 
image; 4) The contrast of image is enhanced to 
extracted more clear cracks; 5) The median filtering 
method is used to smooth the cracks; 6) We gain the 
median image after thresh holding. 7) The noise is 
removed and two sides of beam are cut. 8) We 
calculate the area percentage of cracks in beam. 
 
 

2. Experimental Setup and Data Analysis  
 

This experiment (see Fig. 2) was carry out in 
order to observe cracking, displacement and other 
intricate concrete structural analysis. The loading 
method involved two cylinders fixed at both ends of a 
specimen. More information about parameters and 
types of the concrete are presented in [25]. 

 
 

 
 

Fig. 2. Introduction of test setup [26]. Here: 1. Hydraulic 
jack; 2. Force sensors; 3. HEB 200 I-steel; 4. Steel plate of 
5 mm; 5. Test specimen; 6. Steel tube (Diameter: 5 mm); 7. 
Steel tube (Diameter: 5 mm); 8. Steel plate of 5 mm; 9. I-
steel frame (HEB 200); 10. Laser scanner. 
 

The load increment was selected at 4 kN up to the 
formation of the first crack and then the load 
increment increased to 5 kN. Each load step was held 
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for 5 minutes. The loading was continued until the 
ultimate load. More details about the measurement 
accuracy and resolution of TLS are described in [25]. 
The test setup is introduced in Fig. 2. 

The tested slab-strips were carefully inspected at 
each load step. The load and deformation were 
measured by force sensors and laser displacement 
sensors. The triangular displacement sensors are in 
the middle position under the beam. The TLS obtains 
the point clouds of beam at every load step. The 
presented here experimental setup should provide an 
example for the general working steps and ideas in 
the paper. More information about the test is 
available in [25]. 

In this experiment, we attempt to investigate the 
load variation influence on the average and the 
maximum crack widths. It is noted in the test 
procedure that the crack widths were measured at 
each load increment up to the failure. In the paper, 
the discrepancy of an inverse trend between crack 
spacing and width with the principles in current 
codes was found (see Fig. 3). 

 
 

 
 

Fig. 3. The crack of concrete beam test by TLS. 
 
 

The TLS measurement collects the information of 
point clouds, which includes x, y, z coordinates and 
intensity. We obtain the intensity value of laser 
reflected from the loaded beam, which is sharply 
different between cracks area and non-crack area. 
Therefore, we observe the intensity image with the 
green curves as cracks in Fig. 3, where the force from 
top to bottom plots correspond to 43.60 kN, 54.52 kN 
and 58.92 kN. It is indicated that the crack width and 
percentage are increasing with the load. 

 
 

3. Crack Analysis 
 
Generally, a crack width is the length of the line 

joining two its edges; this line is perpendicular to the 
medial axis of the crack. “Sometimes, it is difficult to 
determine the actual crack orientation by visual 
inspection because it is difficult to locate the medial 
axis of the crack. In this study, the crack width is 
defined as the distance between two edges on a line 
parallel to the normal vector of the medial axis of the 
crack, whereas the crack orientation is defined as the 
tangent vector of the medial axis” [27]. In order to 
state the processing of MATLAB software clearly, 

we present beam cracks with 65kN load step by step 
in Fig. 4. 

 
 

 
 

(a) Gray image of crack beam 
 

 
 

(b) Contrast enhanced image of crack beam  
 

 
 

(c) Wave filtering of crack beam 
 

 
 

(d) Image of crack beam after thresh holding 
 

Fig. 4. The cracks of beams step-processing  
with MATLAB. 

 
 

The cracks of beams step-processing with 
MATLAB is shown in Fig. 4. It has been stated in the 
workflow with the six main steps: intensity extraction 
corresponds to Fig. 3, graying corresponds to the plot 
(a), contrast enhancing corresponds to the plot (b), 
median filtering corresponds to the plot (c), 
binarization corresponds to plots d and denoising will 
be present in Fig. 5. 

As we can see in the figure, the noise is too high 
especially at the sides of the beams. We decide to 
delete the high noise sides and reduce the noise. The 
results are shown in Fig. 9, where the plot (a) is the 
result of crack with 58.92 kN load which deal with 
MATLAB; the plot (b) corresponds to 54.52 kN and 
the plot (c) corresponds to 43.60 kN.  
 
 

 
 

(a) The cracks of beam with 58.92 kN load 
 

 
 

(b) The cracks of beam with 54.52 kN load 
 

 
 

(c) The cracks of beam with 43.60 kN load 
 

Fig. 5. The crack beams with different loads  
after noise reduction. 
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According to the Fig. 5, we can observe the 
number of crack is not increasing, but the cracks are 
wider. Therefore, when the load exceeds a critical 
value, the number of crack is invariant but the width 
of cracks are increasing with the loads. The 
percentage of crack areas and the crack width, which 
calculated as 30 ± 3 cracks, are listed in Table 1. 

 
 

Table 1. The results of cracks’ dimensions. 
 

Epoch data 
Area ratio 

of the 
crack 

Number Width 

Crack of epoch 9 8.06 % 28±3 8.6±0.8 mm
Crack of epoch 8 4.85 % 28±3 5.2±0.5 mm
Crack of epoch 7 2.60 % 28±3 2.8±0.3 mm

 
 

After all above processing, we can obtain the area 
percentage ratio of the cracks and compare with the 
different loads. The crack area is increasing with the 
load, which could be confirmed by the Table 1. It is 
hinted that the width of cracks are proportional to the 
area of cracks. 

 
 

4. Conclusions 
 
The recent paper presents a method for automatic 

concrete cracks detection in normally surveyed TLS 
data. The measurement accuracy and resolution of 
TLS is high enough for this application. By utilizing 
TLS in a survey process, the real objects can be 
represented more adequately than through a single 
picture or collection of pictures. A method for the 
efficient recognition of concrete surface cracks using 
data provided by TLS observations has been 
developed and implemented in MATLAB. We should 
remember that nowadays traffic is continuously 
increasing over all of the world, especially in some 
developing countries [28]. The resulted models can 
currently be used for as-built documentation 
applications.  

This paper proposes an innovative image 
processing method for detecting cracks on a concrete 
surface. The proposed crack detection is divided into 
six main parts: intensity extraction, graying, contrast 
enhancing, median filtering, binarization, denoising. 
The image processing technique described in this 
study enables objective and quantitative inspection of 
cracks on concrete surfaces. Using this method, the 
characteristics of cracks such as crack width can be 
effectively determined within a short time. 
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