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Vulnerability Assessment of Reinforced Concrete
Component Building Structure using Crack
Detection

Ganesh Ram Suwal, Roshan koju

Abstract— After the earthquake, immediate entry into damaged building is necessary for variety of reasons, including emergency search
and rescue, building stabilization and repair, and salvage and retrieval of possessions. However, there are always risks associated with
entering damaged buildings and often, further structural collapse produces additional victims. In this paper image-processing technique
that automatically detects and analyses cracks in the digital image of concrete surfaces is proposed. The image-processing technique
automates the measurement of crack characteristics including the width, length, orientation and crack pattern. On the basis of the nature,
orientation and behaviour of the crack present on the concrete surface, the vulnerability assessment of a building is done. Various edge
detector algorithms are used to find the cracks. Connected pixel labelling are used for details analysis of the crack. So the vulnerability
assessment of a RCC building using crack detection is done. Algorithm was tested with Gorkha earthquake affected building’s crack
images. Results were compared with municipality’s vulnerability decision and found highly accurate.

Index Terms— Crack Detection, Damage Grade, Image Processing, Post Earthquake Assessment, reinforeced concrete component.

1 INTRODUCTION

Concrete structures do not frequently fail due to lack of
strength, rather due to inadequate durability or due to

improper maintenance techniques. The most common
cause of premature deterioration is attributed to the develop-
ment of cracks. Cracking can occur in concrete structures for
several reasons that can primarily be grouped into either me-
chanical loading or environmental effects. Mechanical loads
induce strains that can exceed the strain capacity (or strength
capacity) of concrete, thereby causing cracking. Concrete may
be particularly susceptible to cracking that occurs at early-ages
when concrete has a low tensile capacity [1].

If the loads are applied repeatedly or over a long period of
time, fatigue and creep can affect the strain (or strength) de-
velopment that can lead to failure or reduce stresses.

This “Crack can be treated as cancer in RCC structure. As
cancer in its primary stage can be cured to a certain extent but
becomes danger to life in later stage; same happens with
cracks” [1]. Generally, cracks in building have following cha-
racteristics [2]:

1.  Their Shape is thinner than the shape of textural pat-
terns

2. Their brightness of a crack is darker than the back-
ground pixel.

The cracks in a structure typically develop at the location
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that has the highest stress and the weakest bond. Natural
disaster is the one that come without notice. The natural disas-
ter like earthquake, landslides, strong wind power, fire, heavy
rainfall etc. may causes huge damage on building [1].

Nepal is highly earthquake prone country and there are
large stock of vulnerable buildings exists in the country [3].
Many building were damaged due to last Gorkha earthquake.
Some of the buildings were collapsed and some were very
danger and risk to live human.

The risk level of a building can be analyzed on the basis of
crack exists on a building. A high risk of a building gets dam-
age even in moderate earthquake. Capital city Kathmandu
valley has predicted to have more than 50% vulnerable build-
ing [3]. Quick damage inspection of buildings becomes the
first essential action to be performed by the government to
judge the safety of buildings and inform the habitants about
the risk of damaged buildings. This paper presents the image
processing as a tool to analyses the vulnerability of building.

The safety evaluation of buildings in the event of an earth-
quake is based on the procedures outlined is ATC-20 docu-
ments [4] which has outlined three procedural levels:

a.  Rapid Evaluation - It is typically based on an exterior
inspection of the structure only. The purpose of rapid evalua-
tion is quickly identified apparently “Unsafe” or “Safe” build-
ing after as earthquake.

b.  Detailed Evaluation - the detail evaluation is a
throughout visual inspection of a structure inside and outside.
The building cannot be determined as “Safe” or “unsafe” are
further assessed in detailed and engineering evaluation

c.  Engineering Evaluation - in this evaluation engi-
neers/inspectors investigate the safety of a damaged structure
from construction drawings and new structural calculations.
In this evaluation severity and extent of damage to the struc-
tural and non-structural elements throughout a building is
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observed, measured and recorded.

2 RELATED WORKS

Studying nature of crack through image processing has
been carried out by other researchers as well. Moon and Kim
[5] have used image processing and image classification tech-
niques. They used subtraction and morphology operations to
separate cracks from rest of image while used backpropaga-
tion of neural network for image classification. Their method
was claimed to be 90% accurate.

Similarly, Salman and Baporikar [6] developed crack detec-
tion technique using a robot. The method was restricted to
bridge where robot navigate on bridge surface to collect crack
images. They used morphological operations to determine
cracks and its properties in image.

Balcones and et al [7], an adaptive road crack detection sys-
tem by pavement classification is proposed. A vehicle
equipped with line scan cameras is used to store the digital
images that will be further processed to identify road cracks.
The system performs well for road crack detection.

In Qader and et al [8], four edge-detection algorithms (fast
Haar transform (FHT), fast Fourier transform (FFT), Sobel fil-
tering, and Canny filtering) are applied to detect cracks in
bridges. An efficiency comparison is provided, and it is con-
cluded that FFT is more reliable than the three other methods.

3 METHODOLOGY

The image of a cracked area of building is captured. We cap-
tured four images from earthquake affected building. Cap-
tured crack images are shown in figure below:

W

() infilled wall

(c) infilled wall (d) piller
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Fig 1. Captured cracks from (a) beam of hero honda show room
sallaghari (b) infilled wall of Khwopa Engineering College,
bhaktapur (c) infilled wall of Shanti Niketan School, chundevi (d)
piller of Residential building of Chababhil:

The images were of the size 256 * 256 in size and the resolu-
tion is 72 PPI (pixel per inch). The image is converted from
RGB image to a grayscale image. The noise present in the im-
age is removed by using various level of median filter like 3*3,
5*5 and 7*7. The Time Complexity, MSE (Mean Square Error)
and PSNR (Peak Signal to Noise Ratio) were calculated. The
algorithm which has low MSE, high PSNR and consume less
time is selected for further processing. Mathematical relations
for MSE and PSNR are as follows [9]:

MSE = Z [\N(u'v)l\_lyv l(u’v)]

1)
(255* 255)

PSNR =10lo
1o MSE

(2)
Various edge detector algorithms like Sobel, Prewitt and

Robert edge detector algorithms were used to detect the crack

present in an image thereafter.

Following block diagram explain these steps diagrammatical-

ly:
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Fig 2. (a) & (b) Crack Properties Retrieval Overview

On the basis of these parameter the edge detector is selected
and proceed for the further calculation. Connected pixel con-
nectivity is used to calculate the connected component labe-
ling. 4-pixel connectivity, 8-pixel connectivity and m-way pix-
el connectivity are used. The connected labeling component of
a crack is analyzed.

On the basis of crack, labeling the number of crack is
counted. Similarly, the nature, orientation and behavior of the
crack is analyzed. Normally 0.06-inch width is the threshold
value for the column, beam and slab of RCC building and 0.5
inches to 1-inch width is the threshold value for infilled wall
[10].

The cracked is classified on the basis of the threshold Value.
The major Crack and the minor crack is identified and
counted. On the basis of number of major crack present in the
building and the behavior of the crack the vulnerability of the
building is tested. Hence, the vulnerability assessment of RCC
building using Crack detection is tested.

Table 1: Damage Scale [11]
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shown in table 2.

Table 2. Result obtained from edge detection algorithm

Sobel Prewitt Robert
Image Parameters operator | operator | operator

MSE 168.91 245.33 135.24
(a) PSNR 6.83 32.34 43.79

Time Required

(Seconds) 1.43 1.43 2.29

MSE 185.65 246.84 133.97
(b) PSNR 9.90 34.09 41.92

Time Required

(Seconds) 3.47 3.07 4.79

MSE 170.98 247.92 132.10
© PSNR 7.25 35.56 42.61

Time Required

(Seconds) 1.65 1.59 2.49

MSE 252.02 247.45 134.39
d) PSNR 47.15 34.89 50.99

Time Required

(Seconds) 2.75 2.85 4.86

Damage Remark

Rank

Rank 0: No Damage

Rank 1: Negligible Damage (Hair Line Crack in the wall)

Rank 2: Slight Damage (Shear Crack in non-Structural
Wall)

Rank 3: Moderate Damage (Shear Cracks in structural
Wall)

Rank 4: Major Damage

Rank 5: Collapse

Based on above discussion, we formulated an algorithm for
crack detection and analysis as follows:

Proposed Algorithm
1. Acquire an image of a RCC building having crack and
remove the noise
2. Again the edge detection algorithm is applied to iden-
tify Crack in an image
3. If the crack is present in an image then generate the
Crack MAP and Find its attribute

4. Classify the Crack and analyze the Crack (width,

length, orientation and crack pattern)

5. Calculate the damage grade of a building

6.  According to the damage grade level of a building,
check for the Vulnerability of a building.

4 RESULTS AND DISCUSSION

Above algorithm is implemented in C#.net and tested with
all four images shown in figure no. 1. In case of images with
multiple cracks, they are numbered 1, 2, 3, 4 depending on
their occurrence as algorithm scans image from left to right.
Edge detection algorithms resulted following statistics as

The image is resized into 40*40 of size and converted into a
binary image. A binary image is one whose values is either 0s
or 1’s as shown in figure 3.

The m-way pixel connectivity algorithm is used to find the
connected component labeling as shown in Figure 4.

After applying the connected component labeling the crack
present in an image the orientation (Horizontal, Vertical) is
calculated. Similarly, width and height of crack is calculated.
Width and height are obtained in pixel. Those values are con-
verted into inches for comparing threshold values. The thre-
shold values for crack to be safe, it should be below 0.06 inch
for beam and piller while it should be below 0.5 inches for
infilled wall.

If crack width is greater than threshold, then it is labelled as
major crack. If it is under threshold value, then it is marked as
minor mark. Minor mark refers to safe crack while major mark
means unsafe or vulnerable crack.

Table 4 shows all statistic parameters while table 5 com-
pares algorithm’s result with municipality’s decision:
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Fig 3. Binary images of captured cracks from (a) beam of hero
honda show room sallaghari (b) infilled wall of Khwopa Engi-
neering College, bhaktapur (c) infilled wall of Shanti Niketan
School, chundevi (d) piller of Residential building of Chababhil

1890

©
Fig 4. M-connected pixel of captured cracks from (a) beam
of hero honda show room sallaghari (b) infilled wall of
Khwopa Engineering College, bhaktapur (c) infilled wall of
Shanti Niketan School, chundevi (d) Piller of residential
building ofChabahil

(d)

Number
of Height Width | width

Crack Crack of height in Threshold of in Threshold Crack
Image | Found | Number | Crack inches ininches | Crack | inches | ininches | Orientation | Type
1 10 0.138888889 10 0.13889 Horizontal Major
0.06 0.06 Crack
2 14 | 0.194444444 7 | 0.09722 Vertical Major
0.06 0.06 Crack
e 5 3 5 | 0.069444444 8 | o0.11111 Horizontal | Major
(Beam) 0.06 0.06 Crack
4 2 0.027777778 2 0.02778 Horizontal Minor
0.06 0.06 Crack
5 1 0.013888889 2 0.02778 Horizontal Minor
0.06 0.06 Crack

B (in-
filled 1 1 9 0.125 1 15 0.20833 1 Horizontal Minor
wall) Crack

C (in-
filled 1 1 40 0.555555556 1 3 0.04167 1 Vertical Minor
wall) Crack
1 40 0.555555556 25 0.34722 Vertical Major
0.06 0.06 Crack
PO 4 2 3 | 0.041666667 6 | 008333 Horizontal | Major
er) 0.06 0.06 Crack
3 2 0.027777778 2 0.02778 Horizontal Minor
0.06 0.06 Crack
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4 ‘ 2 0.027777778

0.06

Minor
Crack

2 0.02778 Horizontal

0.06

Following table discusses about vulnerability of build-
ing due to crack on the basis of above statistics we
compared result with result of municipality’s decision
of vulnerability analysis:

Table 4: comparison of algorithm’s result

Image Algorithm’s Municipality’s
9 Decision Result

A Structure is un- RED STICK-
(Beam) | safe ER

B (in-

. . GREEN
filled Structure is safe STIKER
wall)

C (in-

: . GREEN
filled Structure is safe STIKER
wall)

D (Pil- | Structure is un- RED STICK-
ler) safe ER

5. CONCLUSION

After earthquake entry into a building as soon as possible is
necessary for variety of reasons. The manual processes are
time consuming and difficult to judge. So a computerized
system is developed for the quick analysis of building. The
analysis of a building is done by taking an image of dam-
age buildings. The acquired image is of 256 * 256 in di-
mension and 72 PPI in resolution. The Sobel, Prewitt and
Robert edge detector are applied to identify the Crack in an
image. The image is converted into a binary image. Con-
nected Pixel connectivity is used to find the connected pix-
el labelling is calculated and crack map is generated. The
Crack properties like nature (Major Crack and Minor
Crack), Orientation (horizontal, vertical) and behavior of a
crack is calculated and on the basis of these parameter the
Vulnerability assessment is done. Result obtained in all
four images are highly accurate.
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