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Abstract—Bounding time is considered as an
identification boundary of fresh and hardened of
concrete. Initial set refers to a change from a fluid
to a rigid state, accompanied by a rapid
temperature rise in the body of concrete
structures. The final set, express the start of
strength development. Many techniques were
presented to cement bounding time such as Vcat
needle (in lab) or resistivity logs in oil well. But
both of them have some weaknesses. One of the
best techniques to detect of bounding quality is
concrete petrography. In this technique all of
minerals of cement are visible in microscope. In
this paper, a new method was presented to
improve this technique by image processing. The
results showed, the efficiency of this method was
good and all segments of cement minerals were
detected in polish section. So cement bounding
quality detection has a good decision and
efficiency.
Keywords—component; Concrete Petrography,
Image Processing, Cement Bounding quality,
Polish Section

Many researchers have proposed several techniques
based on an image processing, which enable faster
and more efficient in measuring the cracks in concrete
surfaces [5, 6, 7, 8, 9, 10, 11].
Bang et al described a new image processing
technique that detects cracks and calculates the crack
characteristics using images taken with a digital
camera [12]. The process of the proposed technique
is similar to that developed in previous studies [4, 6, 8,
9, 13, 11] in terms of crack detection and analysis;
however, this study focuses on improving the crack
detection performance.
In this study, it is tried to design a new simple and
user friendly algorithm to detection of cement
bounding time and its effect on concrete quality.
II.

METHODOLOGY

Image processing is a technique to perform some
operations on an image. Nowadays, image processing
is among rapidly growing technologies. It has formed
core research area within engineering and computer
science disciplines too [14]. Image processing
basically includes the following three steps that
showed in Fig.1.

I. INTRODUCTION
Todays, the use of high - strength concrete in the
world has increased significantly. So, in order to
improve strength of concrete, it is important to know
the initial and final bounding of the concrete. In fact,
bounding time of the concrete can be defined as the
moment of turning the fresh concrete into a solid body
fresh concrete into a solid body. The initial set is the
last possible time to carry the concrete and the final
set represents the starting point of the mechanical
resistance in it [1]. Type of mineral additives are used
to increase the mechanical properties of concrete [2].
Antifreeze is currently known as a concrete additive in
the concrete and it causes to reduces the
permeability and thus increasing the durability of the
concrete [3]. One of the best techniques to detect of
bounding quality is concrete petrography. It is used to
find concrete fracture, cement bounding quality and so
on [4].

Figure 1: the steps of image processing.

Image processing used routinely by microscopists will
be presented. Because image processing allows the
investigator to convert the microscope system into a
quantitative device, a number of considerations must
be taken into account to ensure that information can
be extracted in a meaningful way. This chapter will
focus on three basic problems: (1) reducing “noise,”
(2) enhancing contrast, and (3) quantifying the
intensity of an image [15].
Digital image processing techniques were developed
after the advancement of computers. The three
general phases that all types of data have to undergo
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while using digital technique are pre-processing,
enhancement, and display, information extraction [16].
III. RESULTS AND DISCUSSION
In order to study about cement bounding in concrete,
these steps should be followed:








Preparing of 6 cubic concrete samples
with different properties
Detection of cement bounding time by
cement Vicat apparatus
Test of concrete compressive strength
Preparing of polish section
Concrete petrography
Auto study of detection of cement
bounding quality

In first step, six cubic samples were prepared in size
15*15*15 (Table1). Base on Table 1 A1 and A2 have
more weight than other samples. C1, C2 have
antifreeze
as
additive
(additives with properties in in Table 2). The cement
grade and volume
of
water in
all
samples
is equal. After preparing the sample, the volume of
water reduction in each sample is different so that in
sample A, B, c is equal to 450cc, 250cc and 450 cc
respectively. Water cement ratio is calculated
according to the following equation.
𝑤
𝑐

At the second step, bounding cement time is tested by
Vcat needle test. The results of this test is shown in
Fig.2 and Table 3.
Weight of Cement: 350 gr
Temperature of Water: 20 oc

=

𝑤𝑡𝑜𝑡𝑎𝑙 − 𝑤𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑑

Table 2. Properties of additive.

Vol
3
(cm )
Weight
Kg
Special
Weight
3
Kg/(cm )
Cement
Grade
Weight
of
Gravel

Weight
of Sand
Kg
Water
cc
additive
type
amount
additive
cc
water
cement
ratio
Time
(Day)

A1

B1

C1

A2

B2

C2

3375

3375

3375

3375

3375

3375

7674

7610

7665

7800

7670

7690

2.27

2.25

2.27

2.3

2.27

2.28

350

350

350

350

350

350

7.8

6

6

7.8

6

6

10.2

12

12

10.2

12

12

2000

2000

2000

2000

2000

2000

NO

NO

Antifreeze

NO

NO

Antifreeze

Color

Gray
gr/cm3 1.4

weight

In the permitted range of

Chlorine

regulations

Nitrite

NO

Flash point

NO

Freezing

Zero Centigrade

point

Table 3. Cement bounding time (date: 27 May 2018)

Test No
1
2
3
4
5
6

Table 1: direct shear tests (kazemi, H., 1392)
sample

Jelly

Special

(1)

𝐾𝑔𝐶𝑒𝑚𝑒𝑛𝑡

Form

W/C

25%

Cement
Bounding
time (min)
15
25
35
45
50
55

Penetration
of needle
(mm)
40
40
32
23
5
0

Fig 2. Variety of cement bounding time. The bounding time is
completed in 55min.

-

-

105

-

-

105

0.44

0.5

0.44

0.44

0.5

0.44

7

7

28

7

7

28

In third step, the samples were removed from the
water after the completion of the required period (7
and 28 days) and dry in the sun. after that, the
samples were weighted and then they are placed in
uniaxial compressive strength. The result of this test
were shown in Table 4.
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Table 4. Forces and stresses which are read in testing

Sample
No

Force
(Kg)

Area
(cm2)

Compressive
strength (Kg/ cm2)

A1

46300

225

205.8

B1

35300

225

156.9

C1

42300

225

183.6

A2

68100

225

302.7

B2

53700

225

238.7

C2

51500

225

228.9

In the fourth step some piece of the breaking
down samples were delivered to the laboratory
to prepare polish sections. In this study, the criterion
for the cement bounding quality are:
 The presence of Alite and Belite as first
cement minerals indicates a lack of cement
reaction and Subsequently a very bad cement
bounding quality.
 The presence of large segmentation of
carbonate minerals, which indicates the poor
quality of cement shredding, causes the
cement bounding quality to be unsuitable.
 There are Ferrite and Aluminate minerals that
are secondary cement minerals. In this case,
the cement bounding quality is being refined.
In the next step, all of the polish sections were studied
by reflection microscopy. The results were described
in Fig.3 to Fig. 8. The Alite and Belite are seen in
these Figs. So it is very bad cement bounding in
concrete. The presence of Ferrite and Aluminate are
shown cement maturity.

Fig. 3. The rest segmentation (80microns) and Alite and Belite
(30microns) in Sample A1

Fig. 4. The single and independent form of silicate phases of
cement in dimensions smaller than 50 microns remain
unchanged in B1

Fig. 5. Two pieces of Alite that one of them is 60*80 and the
other is 60*100 in C1

Fig. 6. The remaining set pieces of cement minerals in A2. The
size of these pieces is 30 - 40 microns. There are at
least 10 pieces in this square. Note the scale of the
ruler, each piece is equivalent to 4 microns.
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Fig. 7. The remaining set pieces of cement minerals in scale of
the ruler in B2

methodologies like convert color system and
segmentation are done there by making it an
efficient one for the image processing
procedure.
 In the image processing, some of the
techniques are employed to process the
deducted image sample.
 The cement bounding quality detection will be
noticed here using the result of the processed
image.
The results of these steps were shown in Fig. 10 to
Fig. 15. All of these Figs verified good precision. The
cement minerals are shown in blue circles in these
Figs. It is illustrated good identification of cement
minerals in each section. All of these polish sections
are studied by image processing technique. For
example, in Fig14 the Alites and Belite are
recognizable in the C2 sample. Of course, in this
section, there are other shapes that are similar to the
Alites segments. These segments are changing to
Ferrite and Aluminate (lower samples).

Fig. 8. A large segment of Alite (100 microns) in C2

At the last step, the processing difficulty of the cement
bounding quality detection completely depends on the
size of the image. Some digital cameras have the
image resolution beyond 10 megapixels. This
increase in resolution enables the acquisition of
detailed images of concrete surfaces. By using the
trendy cameras of commercial purpose, a wide range
of a concrete surface can be acquired in a single shot.
For inexpensive applications, a wide range image can
be used for the cement bounding quality detection.

Fig. 10. Separation of different segments in the polished
section of sample A1. The two striking features of the Alite and
Belite illustrate good performance of this method.

Fig. 9. The architecture of image processing based cement
bounding time detection

Fig. 9 shows general architecture for cement
bounding time detection based on the image
processing. The steps in the image processing
technique are as follows:
 Initially collect the image of the polish sections
which will be subjected to the cement
bounding quality detection process using the
camera or any sources.
 After the image acquisition, the collected
images are pre-processed within which the

Fig. 11. Separation of parts containing information in the
polished section of sample B1. As it is seen, some samples
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containing the Alite are visible on the microscopic scale line
and also below the line on the left.

Fig. 12. The Alite parts can be seen well in the center of the
image on both sides of the vertical microscope scale line in the
C1 sample.

Fig. 15. The Alites and Belite are recognizable in the C2
sample. Of course, in this section, there are other shapes that
are similar to the Alites segments. These segments are
changing to Ferrite and Aluminate (lower samples).

IV. CONCLUSION
In this study six concrete samples were analyzed. The
main purpose of this paper was cement bounding
quality detection automatically. In general, the
following results were obtained from this study:






Fig. 13. Many pieces of cement in the blue circle are well
illustrated in A2.





The presence of Alite and Belite showed
a lack of cement reaction and
Subsequently a bad cement bounding
quality.
The presence of large segmentation of
carbonate minerals indicated the poor
quality of cement shredding.
The presence of Ferrite and Aluminate
minerals in some sample (such as C2)
illustrated that the cement bounding
quality was being refined.
By using image processing, the presence
of Alite and Belite minerals as primary
minerals in Ferrites and Aluminates as
secondary minerals (as Criterion of
cement bounding quality) was identified
more precise than traditional methods.
By using of image processing and
required features extraction for the study
of cement bounding quality, the need for
studies of electron microscopy and the
cost is reduced.
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