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Abstract
Concrete chipping is a mechanical process practiced in the construction industry in order to increase adherence to 
smooth surfaces. It is carried-out before plastering of beams, columns and other concrete structures with smooth sur-
faces. The objective of this project was to design a low-cost concrete chipping machine suitable for the construction 
industry. An initial study was conducted to identify the available methods and machinery used for chipping concrete. 
Their suitability and drawbacks were studied analyzed and several possible designs were proposed. The best and the 
most suitable design, out of the proposed designs were selected and manual calculations were performed, in order to 
determine the dimensions and parameters of the machine. After the initial design, simulations were carried out in order 
to determine wear and tear and the stress concentration of the tool. It was found that the tool could withstand the forces 
and stress during impact and that sufficient penetration is achieved, therefore the machine was finally prototyped. It can 
be concluded that the attachment used for the grinding machine can be successfully used to chip concrete, although 
several modifications can be further done to improve the machines’ operation and safety.
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1  Introduction

Concrete chipping is a process practiced in the construc-
tion industry, before plastering (the process used to 
achieve finished surface and to eliminate non-uniformity 
of the surface) of beams columns and other concrete 
structures with smooth surfaces. The main purpose of 
chipping concrete is to increase the surface roughness or 
adherence between the surfaces subjected to plastering. 
The adhesion depends on many phenomena [1, 2] such 
as bond-detrimental layers, wettability of the concrete 
substrate, secondary physical attraction forces induced 
in the system and roughness of the surface. Condition 
and texture of the substrate is also one main factor that 
influences the bond strength of mortar. Common surface 
preparation methods include mechanical roughening and 
blast methods using abrasives, high-pressure water, or a 
mixture [1, 3]. The use of heavy mechanical techniques 
such as jackhammers, drills, and scabblers usually results 

in the formation of micro-cracks in the substrate surface, 
which have a detrimental effect on bond strength [3, 4]. 
People have adopted many unconventional ways to chip 
concrete, most of which pose risk to both the users’ health 
and safety and the machines’ operation. Traditionally, 
concrete chipping is done using hammer and hand-bit, 
which is a very inconvenient and time-consuming method. 
However, quite a lot of inadaptable methods such as, high-
power grinders, concrete breaker machines are used in the 
local industry.

When concrete is chipped using grinders dust and con-
crete particles are scattered everywhere and this causes 
health issues. Most common site injuries from the use of 
angle grinders are to the head and face. According to an 
analysis conducted by Carter et al. [5], they have shown 
that the usage of angular grinders to chip concrete sur-
faces leads to severe accidents, especially to the head and 
face. Concrete breakers, on the other hand, can damage 
the whole concrete structure and reinforcement because 
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of its high vibration and also affect the operator using the 
concrete breaker machines, some effects are, lower back 
pain, motion sickness, bone damage, high blood pressure 
due to vibration and respiratory metabolic change and on 
the other hand, use of heavy hand tools is exhausting and 
time-consuming. Therefore these machines and methods 
that are currently in use are quite inconvenient for chip-
ping concrete.

In order to provide a machine that would eliminate 
or reduce the above risks, health effects and time, sev-
eral designs were proposed and an attachment for the 
grinder was selected to be the most suitable out of the 
proposed designs. Initially, to design the attachment, the 
basic parameters had to be calculated and for that sev-
eral boundary conditions were defined according to the 
standards laid out on chipping concrete. After design-
ing the attachment, the 3D model was designed using 
SOLIDWORKS and a simulation was carried-out by ANSYS 
in order to determine the stress distribution of the tool and 
its failure on the application of load.

2 � Standards of concrete chipping

2.1 � Grades and strengths of concrete

Several grades of concrete are available in the construction 
industry, according to the ratio at which cement, sand, and 
aggregates are mixed. Table 1 shows the different types of 
grades and their compressive strength in N/mm2 [6]. The 
concrete column is reinforced with reinforced steel (rebar) 
and concrete. The reinforced steel is placed in an array and 
the concrete is added.

It takes 28 days for the concrete to gain this compres-
sive strength. The variation of compressive strength with 
time is given in Fig. 1. 

2.2 � Nominal cover

The nominal cover of concrete to the reinforcement is 
shown in Fig. 2. The concrete column is reinforced with 
steel and concrete, where the reinforced steel is placed on 
an array and concrete is added. Some benefits of the con-
crete covering are; protection of steel from corrosion, give 
reinforced bars sufficient embedding to enable them to be 
stressed without slipping and to provide insulation from 
heat and fire. Therefore, the depth of chipping should be 
less than the nominal covering of the reinforcement. Nom-
inal cover standards are shown in Table 2. These standards 
were adopted from the institute for construction training 
and development published book called “building works 
volume I” [7, 8].

3 � Design outline

Several designs with different mechanisms, such as linear 
motion, crank-slider mechanism, worm and wheel mecha-
nism, and cam and follower were used in the design of 
different concrete chipping machines. The different design 
ideas for the chipping machine were drafted and their 

Table 1   Grade of concrete and compressive strengths

Concrete grade Mix proportion Characteristic com-
pressive strength in N/
mm2

M5 1:5:10 5
M7.5 1:4:8 7.5
M10 1:3:6 10
M15 1:2:4 15
M20 1:1½:3 20
M25 1:1:2 25
M30 Designed 30
M40 Designed 40
M50 Designed 50

Fig. 1   Variation of compressive strength with time

Fig. 2   Nominal cover
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drawbacks were listed in order to select the most applica-
ble design. Various factors were considered to determine 
the most suitable design for chipping concrete. The factors 
considered were;

•	 Ease of manufacturing.
•	 Ease of operation.
•	 Ease of maintenance.
•	 Novelty.

When compared with one another, several drawbacks 
such as design complexity, balancing, maintenance and 
etc. were found. Therefore, it was decided to go ahead with 
an attachment to the grinder machine.

Initially, the force required to penetrate the minimum 
depth of concrete was calculated, by considering the 
strength and the hardness of the concrete surface (grade 
of concrete considered was M 40). Then the cam profile 
was designed using the method of polynomial functions 
and the pointed tool was selected to be a standard high-
speed steel pointed chisel used for masonry works.

The parameters such as the diameter, length, weight 
of the pointed tool were taken into account to determine 
whether it was possible to provide the minimum force 
required to penetrate the concrete wall at a given speed 
of revolution of the cam plate. Thus, the tool was selected 
giving priority to the overall weight addition and the force 
produced at an average speed of rotation of the cam plate 
(1700 rpm was considered). The selected standard tool was 
HS1814, a pointed tool made of high-speed steel. In order 
to determine the stress distribution and failure of the tool 
during impact at the minimum required force of penetra-
tion, a simulation was carried out using ANSYS. It was 
found that the tool did not fail at the minimum required 
force of penetration; therefore the standard tool HS1814 
made of high-speed steel was selected for prototyping. 
The dimensions and parameters of cam-plate, springs, 
cover for attachment, welded joints, bolt and etc. were 
calculated subsequently [9]. Sections 3.1 and 3.2 provide 
the methods and standards used to calculate the surface 
hardness of concrete and design the cam profile of the 
cam plate.

3.1 � Surface hardness of concrete

The most commonly used grade of concrete in Sri Lanka 
is M40. The minimum force required to chip such grade 
of concrete can be determined using the data given in 
Table 3 and Eqs. 1 and 2.

C is a geometrical factor between 2 and 4, �u represents 
the yield strength and HV  is the Vickers hardness in MPa.

The force required to chip concrete is given by the sim-
ple Eq. 2. The area of the chip (hole) was assumed to be of 
radius 5 mm and the stress was considered to be equiva-
lent to the hardness number.

3.2 � Cam plate design

There are several methods that can be used to design the 
profile of the cam, such as;

•	 Simple harmonic motion.
•	 Cycloidal displacement.
•	 Modified trapezoidal.
•	 Modified sinusoidal.
•	 Polynomial function.

Out of which Polynomial functions are among the 
most versatile for cam design. They are not limited to 

(1)�u = HV × C

(2)F = � × A

Table 2   Standard nominal 
cover of concrete

Exposure classification Exposure Nominal cover (mm)

Mild Indoor and sheltered 25 20 20 20 20
Moderate Outer exposed 40 35 30 25 20
Severe Wet and dry; foundation 50 45 40 30 25
Very severe Sea spray – 50 45 40 35
Extreme Abrasive – – – 60 50
Maximum free water/cement ratio 0.65 0.60 0.55 0.50 0.45
The lowest grade of concrete M25 M30 M35 M40 M45

Table 3   Hardness of concrete 
grade

Grade of 
concrete

Hardness (MPa)

M15 0.818
M20 0.945
M25 1.056
M30 1.157
M35 1.250
M40 1.336
M45 1.417
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either single or double-dwell applications and can be 
tailored to many design specifications. The general form 
of a polynomial function is given by Eq. 3.

where S is the follower displacement, x is the independent 
variable which in this case is replaced by �∕� . The con-
stants Cn are to be determined in the development of the 
particular polynomial equation to suit the design specifi-
cation. The polynomial cam design is structured by decid-
ing the number of boundary conditions (BC’s) we want to 
specify on the displacement, velocity, acceleration and jerk 
diagrams.

Fundamental laws of cam design: Cam function must be 
continuous through the first and the second derivatives 
of displacement across the entire interval [10, 11].
Corollary: The jerk function must be finite across the 
entire interval.
Polynomial function method: Number of conditions was 
specified on displacement, velocity, acceleration, and 
jerk of the follower.

•	 Boundary conditions (BC).
•	 Degree of a polynomial (BC’s − 1).

Variation of the motion of the follower was pre-
defined as given below in Table 4.

(3)S = C
0
+ C

1
x + C

2
x2 + C

3
x3 + C

4
x4 +⋯Cnx

n

Equations 4–7 are derivatives of Eq. 3 used to deter-
mine the displacement (s), velocity (v), acceleration (a) 
and jerk (j) of the follower, respectively. ( �—crank angle, 
Cn—constants)

4 � Results

The polynomial functions given in Eqs. 4–7 plotted using 
MATLAB are shown in Figs. 3, 4, 5 and 6. After plotting 
the graphs it was verified that the cam function was 
continuous through the first and the second derivatives 
of displacement across the entire interval [fundamen-
tal law of cam design] and that the jerk function was 
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ascertained and used to determine the force, speed, and 
penetrability of the tool (follower).
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Table 4   Variation of the follower

Rise Fall Dwell

Interval period β1 = 450 β2 = 450 β3 = 900

Height h1 = 15 mm h2 = 15 mm h3 = 0

Fig. 3   Displacement versus cam angle
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Fig. 4   Velocity versus cam angle

Fig. 5   Acceleration versus cam angle

Fig. 6   Jerk versus cam angle
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4.1 � Simulation of tool

Simulations were carried out using ANSYS explicit dynam-
ics solver to determine the penetrability of the tool and 
the stress concentration of the tool during impact. It was 
found that the designed tool could penetrate more than 
3 mm (standard depth of penetration) of the concrete 
wall. For the simulation, a portion of the tool and wall was 
used with medium-sized mesh. Figure 7 shows the stress 

concentration of the tool and Fig. 8 shows the graph of 
penetration versus time.

5 � Drawing

Figures 9 and 10 show the dimensions of the attachment 
that can be fixed to the hand grinding machine in order 
to chip concrete. Specifications and dimensions of the 
final design is given in Table 5. 

Fig. 7   Stress distribution of the tool. Material: concrete 40 MPa, tool: high-speed steel

Fig. 8   Graph of penetration versus time
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The attachment to the grinder machine contains a 
handle (1) which can be used by the operator to hold 
the grinder and to prevent the reaction force due to 

impact. This handle is attached to the grinder (2), which 
already had a threaded hole, using a threaded bolt (3). 
The attachment contains a cam plate (4) which is fixed 
to the threaded bolt of the grinder itself. The cam plate 
consists of two cam lobes to which two pointed tools (5) 
are in constant contact using two restraining springs (6). 
The two pointed tools are guided through a tool guider 
(7) and two plates (8, 9). These components are covered 
by the housing (10) which at the end has an adjustable 
portion in order to adjust the depth of penetration. It also 

Fig. 9   Front elevation of the attachment

Fig. 10   End elevation of the attachment

Fig. 11   Exploded view of the concrete chipping machine (with 
grinder)

Table 5   Specification of grinder and attachment

No. Attribute Specifications

1 Disc diameter 101.6 mm
2 Voltage/frequency 220 V/50 Hz
3 input power 750 W
4 No-load speed 2000–11,000 rpm
5 VFD FR6–6/1 EF
6 Weight (grinder only) 2.5 kg
7 Total weight 4.7 kg
8 The diameter of the cam plate 101.6 mm
9 Stroke length of the tool 15 mm
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contains a scale which the operator can use to adjust the 
depth of penetration to a least count of 0.5 mm. Figure 11 
shows the exploded view of the prototype and Fig. 12 
shows the assembled machine without housing and with 
the housing. All components of the attachment to the 
grinding machine, mentioned from (1) to (11) were man-
ually designed and materials were selected accordingly.   

6 � Cost analysis

Comparatively, the prototyped concrete chipping 
machine (an attachment to the grinding machine) has 
advantages with respect to price, power, and weight as 
shown in Table 6. A survey was conducted on the use of 
different machines utilized to chip concrete in the con-
struction industry and the prototype concrete chipping 
machine. Following analysis shows the summary of the 
data collected from the survey;

A questionnaire was carried out for a sample of 30 
personal, working in the construction industry, and 
the following facts were concluded. The remarks of the 
employee about time consumption, easiness, weight 
were positive. Some have had suggested improving the 
machine so that the size of the tool can be varied.

1.	 Almost all people have an idea of what concrete chip-
ping is and the amount that is required to be chipped 
is only known by about 80% of the people as shown 
in Fig. 13.

2.	 Figure 14 shows the most common machine/tool used 
to chip concrete is the hammer and hand tool.

3.	 Figure 15 shows the responses for the easiest machine 
to chip concrete.

4.	 The difficulties that the workers face when using the 
above machines?

The most difficulties faced by the operator by using 
the available machines are the vibration, weight and the 
scattering of chips.

5.	 Minimum time taken to chip 1 m2 concrete using the 
hammer and hand tool was recorded to be approxi-
mately 7 min.

•	 From the survey that was conducted on the employ-
ees, feedback on the newly developed concrete 
chipping machine was also taken and the results 
were as follows;

6.	 All employees agreed that this machine was easier to 
use than all other machines given in Table 6.

7.	 It was found that the prototype developed was slightly 
noisy although the other aspects are comparatively 
better than the machines available in the market, thus 
improvements in this aspect have to be done in the 
future.

8.	 The time taken to chip 1 m2 concrete using the pro-
totyped concrete chipping machine was found to be 
approximately 2.30 min that is a saving of about 4 min 
per square meter.

7 � Conclusion

Concrete chipping is a process carried out in order to 
increase the adherence of the concrete and the mortar 
before the plastering process. Machines available in the 
market had several issues, thus a new design was intro-
duced. With the new machine, the following goals were 
achieved:

•	 Considerable time was reduced in order to chip con-
crete.

•	 Fewer safety issues when compared to the use of grind-
ers, breaker machine.

•	 Less power is consumed compared to breaker 
machines.

•	 The concrete structure will not be completely damaged 
unlike when using a breaker machine.

•	 Highly skilled labor is not required to operate this 
machine.

On a survey carried-out using the prototyped concrete 
chipping machine at several construction sites, it was 
found that, an approximate time saving of 55% can be 
achieved, when compared with other hand tools.

ANSYS software can be used to determine the stress 
distribution before the machine is prototyped. This gives 

Fig. 12   3D model of the attachment to the grinder
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the designer an idea of the necessary changes that have 
to be made before prototyping, thus reduced wastage of 
time and money. The attachment to the grinder would 
be a suitable inclusion to chip concrete. Unlike the use of 
hand tools, concrete breaking machines, angle grinders 

with grinding discs, and the grinding machine with the 
attachment (concrete chipping machine) have proven to 
be a lot safer to use, efficient and less time-consuming. 
Further improvements of this machine would be to reduce 
the weight of the attachment and to develop various 
replaceable sizes of the attachment (with different tool 

Table 6   Comparison of 
different machines and 
the prototype used to chip 
concrete

Type of machine Model Price (LKR) Power (W) Weight (kg)

Breaker machine
 Hilti TE 300-AVR 159,110.00 850 3.80

TE 500-AVR 186,160.00 1100 5.70
TE 700-AVR 248,360.00 1300 7.90
TE 800-AVR 274,220.00 1850 10.50

 Bosch 11321EVS 73,410.00 1560 6.21
11316EVS 125,230.00 1680 10.20
11335K 145,300.00 1800 17.24
BH2760VC 211,360.00 1800 28.67

 Dewalt D25941K-XE 83,590.00 1600 13.80
D25580K 89,670.00 1050 5.60
D25901K 123,410.00 1500 11.00
D25961-XE 141,110.00 1600 16.00

Rotary machine
 Hilti TE 2 32,790.00 650 2.70

TE 3-C 35,930.00 710 3.00
TE 3-M 44,280.00 840 3.10
TE 7 50,440.00 1180 2.90

 Bosch 11250VSR 35,250.00 730 2.45
11255VSR 47,970.00 840 3.00
RH328VCQ 56,400.00 960 3.58
RH328VC 80,620.00 1040 3.49

 Dewalt D25133K 38,000.00 840 2.58
D25262K 30,650.00 960 3.00
D25416K 71,880.00 1080 4.20
D25721K 235,700.00 1620 7.90

Hand-push concrete chipping hammer
 China coal ZM80 152,000.00 1200 14.00

Grinder with attachment (prototype)
 – – 12,500.00 750 4.70

Depth of penetration of concrete

Yes

No

27%

83%

Fig. 13   Depth of penetration of concrete

17%

26%

17%
10%

22%
8%

Most commonly used machine

Chipping hammer

Hammer and hand tool

Grinder

Drilling machine

Breaker machine

Rotary hammer

Fig. 14   Machines used for concrete chipping
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sizes) to facilitate the operator to change the attachment 
depending upon the surface it is being used.
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