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Abstract: The vibration method is the beginning of the use of vibropressing in the concrete compaction process. It is very different from the CPB 
compaction process. The most significant difference is in the practical volume. In concrete, 2m

3
 is compacted at the same place and time, while CPB at 

15 liters volume is compacted at the same location at the same time, whereas more than 15 liters is compacted at the same place and at different times. 
With a compressive strength of about 25 MPa, it was using a composition of material with per m3 of 100 kg of cement, 380 kg of sand and 560 kg of 
stone ash, and using a water-cement ratio of 0,6. This research only changes three-parameter limited. They are vibration time between 7 and 8 seconds 
with the frequency at 30-50 Hz, engine pressure at 25 and 90 kg/cm

2
. The reason 7 and 8 second for the vibration time in this research is the maximum 

vibration time in CPB production. All specimens are made with the same mixture composition. There are 3 main parameters in the vibropressing process 
namely vibration frequency, engine pressure and vibration time, explained that the vibration frequency has the most influence in the process of 
increasing the compressive strength of CPB. By limiting the electric motor energy of 7 Hp, vibration time (7-8) seconds on engine pressure (25-90) 
Kg/cm

2
, this machine produces CPB optimum compressive strength (22-31) MPa at  frequency (43-47) Hz.  
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1. INTRODUCTION 
The method of using vibration and its benefits for 
compaction of concrete was carried out in 1936. For 
maintenance reasons vibrations are used with a frequency 
of about (50-80 Hz). Research explains that at this 
frequency compaction is more effective [1]. Vibration 
compacting is the beginning of the use of vibropressing in 
the concrete compaction process. According to previous 
research that the manufacture of perlite boards that are 
vibrated with a frequency of about (20-35) Hz will be more 
uniform in density [2]. The rate of these vibrations occurs in 
perlite material made of the fine aggregate because it 
functions as a silencer. The use of high frequencies must 
be under the size of the aggregate grains because 
excessive vibration can cause significant problems with the 
equipment being operated. Extreme vibration time is more 
likely to cause problems in the disproportionate mixture or 
to the amount of water that has been added. When signs of 
excessive are detected, the initial reaction signal may be to 
reduce it. The most appropriate solution is to investigate 
vibrational changes to the mixture design [3]. So that the 
CPB manufacturing process requires a more accurate 
frequency scale to produce excellent characteristics. Soil 
compaction also requires vibration on the compaction roller 
machine. Optimum compaction frequency also makes the 
distribution of density evenly distributed throughout the 
layer. At higher rates, the underside of the segment is 
denser while the top is loose. Rollers used in full-scale 
testing have a standard operating frequency of 13 Hz above 
the optimum rate of the test, implying that it can be made 
more energy-efficient [4]. This compaction is not 
compacting CPB but compacting existing roads. For 
compaction, vibration is applied to various concrete 
mixtures with a variation of the water-cement ratio (0.35-
0.70). Concrete compaction experiences repeated 
vibrations for (30-150) minutes at 30 minute intervals. The 
compressive strength of vibrating concrete was tested and 
resulted in an increase in compressive strength of about 
(3.5-21.8)% [5]. Vibration time 30 up to 150 minutes on a 
CPB machine is very unlikely to be used because on a CPB 
machine requires a short time to be able to produce in large 

quantities. Emin E also investigated the relationship 
between vibration time, water-cement ratio, and 
compressive strength. The results of his research show that 
increasing the water-cement ratio and vibration time will 
reduce the compressive strength of concrete. Although the 
water-cement ratio affects, for the compressive strength of 
concrete the optimum vibration time is around 60 seconds 
[6]. CPB engine will be optimum if the vibration time is 
above 10 seconds. In making CPB based on research it 
can use the proportion of 5% fine aggregate, 35.75% sand 
aggregate, 3.96% cement in weight with a moisture content 
of around (14-15)%. Because the main goal is to increase 
the compressive strength of CPB for pedestrians [7]. The 
5% sludge level is the maximum limit that can be used in 
both standard and CPB concrete mix designs. The grain 
size also has the effect of compressive strength and density 
of CPB. The A19= 19 mm maximum diameter group has a 
compressive strength of 25.6 MPa, where A38 (38 mm) and 
A76 (76 mm) have 24.80 and 18.90 MPa. Concrete has a 
greater density along with the increasing diameter of the 
aggregate maximum [8]. The CPB mix design uses a 
uniform aggregate of 0-5 mm, for sand and stone ash. 
Furthermore, compaction technology that relies on energy. 
From the results of several CPB compaction test models 
are that vibropressing is the best way because the 
proportion of the same mixture produces compressive 
strength that exceeds that of other methods [9]. 
Vibropressing energy has a broad understanding because it 
consists of a long vibration, high frequency, pressing, and 
so on. In this research, the increase in vibration energy also 
resulted in a significant increase in density and 
compressive strength even though it was set at the same 
vibration time, frequency, and pressing amount. In this 
research did not seem the most dominant influence 
between frequency, duration of vibration, and large 
pressing. Another use of compaction technology is the 
compaction method of high-energy magnetic pulses of 
magnetic atomic bonds. Compaction with magnetic pulses 
at high energy to Nd-Fe-B magnets explains an increase in 
density 18% higher compared to a 14.4% increase in 
remanent conditions [10]. Very high energy compaction is 
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difficult to apply to CPB because the mold will be easily 
damaged and has high costs if it produces high volumes. 
The next concrete compaction technology is the direction of 
casting technology from the bottom up on HPSCC concrete. 
The concrete element plant that is sprayed from the bottom 
up shows an increase in compressive strength and rebar-
to-concrete properties at the top of the component 
compared to traditional concrete [11]. This compaction 
technique is only for liquid concrete and not for CPB 
concrete. Correlation analysis between the input 
parameters and the strength of the test specimens shows 
that the compressive strength of concrete is strongly 
influenced by a frequency of approximately 42%. The 
technology used in the vibropressing process is very good 
for dispersing aggregates of concrete material so that it 
becomes denser and has higher strength [12]. In that study 
is evidence that the frequency has the greatest effect 
compared to the amplitude, pressing, and vibration time. 
however, the research was carried out on concrete blocks, 
not on CPB, so the machines used were very different from 
CPB machines specifically for making CPB. From the 
research mentioned above that the vibration in concrete is 
fundamental in the process of compacting concrete, but 
concrete will require a relatively long time in the process of 
compaction without coupled with pressing. In reality, the 
actual compacting process is very different from the CPB 
compaction process. The most significant difference is in 
the volume of compaction. For concrete, compaction is 

together, whereas in CPB is done in stages based on 
existing mold. Besides that, it can be used for all 
construction, while CPB is only for road construction. So it 
is very unproductive if applying concrete compaction on 
CPB machines. Then the vibropressing compaction process 
above has not discussed the effect of vibrational 
frequencies specifically by trying t = 7s and 8s on engine 
pressure 25 and 90 kg/cm

2
 at a CPB machine, where the 

vibration time and pressing strength is the optimum strength 
of the device for CPB production. 
 

2. Making CPB by Vibropressing 
The steps in the CPB production process are as follows: 
a) The method of making paving starts with mixing 

cement + aggregate into a mixer tub. 
b) After the cement is evenly distributed on the aggregate, 

then put water into the mixer to continue mixing. 
c) Put the mixture into the vibropressing mold on the CPB 

machine to try with various treatments. 
d) Blocking CPB, then curing is done by placing the test 

specimen in a shady place and keeping it moist until 
the age of 28 days. 

e) Do phase (d) until it reaches a sufficient volume and 
depends on the strength of operational funds. 
 

In detail, those steps in the following scheme: 

 
 
 
 
 
 
 

 

Detail A 

 
Figure 1. (a) Schematic of making CPB (b) CPB engine (c) Details of the vibration system on the engine CPB with the method 

of vibrating pressurization (vibropressing) 
 
The vibropressing system is shown in Figure 1(b) and 
detailed in figure 2, where the vibration comes from the 
dynamo that rotates the unbalancing axle, the unbalancing 
shaft in one body with a block plate supported by rubber on 
all sides. So that when the dynamo moves, there will be a 

reflection of the vibrations that are in tune with the rotation 
as unbalancing. This vibrator model is used by all CPB 
machines available so far. 
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3. MATERIAL TEST  
Material characteristics are an essential component in 
researching both standard concrete and CPB concrete. The 
purpose of knowing the characteristics of materials is to 
limit the problem of CPB research, so it is not widespread, 

so research on the character of CPB will focus on the issue 
of frequency rather than on material characteristics. From 
the Laboratory Structure Test (see figure 2), we get the 
results as in table 1 below: 

 

 
Figure 2 Material testing activities 

 
 

Table 1 Material test 

Test  
Material 

Sand Stone ash Cement  

Unit weight (kg/m
3
) 1,110 1,640 1,168 

Specific gravity 2.471 
 

2.787 

Absorption (%) 6.84 2.56 
 

Clay content (%) 2.52 9.74 
 

Humidity (%) 8.89     

 Source[9] 
 

Table 2  Sieve Analysis 

Sieves size Retained % Cumulative 

BS mm gr % Retained Passing 

4 4.76 11.5 1.15 1.15 98.85 

8 2.38 24.3 2.43 3.58 96.42 

16 1.19 89.7 8.97 12.55 87.45 

30 0.59 306.3 30.63 43.18 56.82 

50 0.30 361.5 36.15 79.33 20.67 

100 0.15 170.9 17.09 96.42 3.58 

Pan 
 

35.8 3.58 
  

Total   1000.0   236.21   

Source:[9] 
 

Fineness modulus =  2.362 
 

 

4. MIX DESIGN  The mixed design in this study uses the DoE method 
reference with the classification criteria as in table 3 below: 
 

 
Table 3 CPB Classes based on the DoE Mix Design 

Grade Compressive 
strength 
N/mm

2
 

W/C Wet 
density 
kg/m

3
 

Total 
aggregate 

kg/m
3
 

Cement 
 

kg/m
3
 

Coarse 
aggregate 

kg/m
3
 

Fine 
aggregate 

kg/m
3
 

Water 
 

kg/m
3
 

50 63,2 0,4 2432,4 1769,6 474,4 1152,1 621,6 202,0 
40 53,2 0,47 2432,4 1843,1 401,0 1186,7 660,6 202,5 
30 43,2 0,54 2432,4 1895,3 348,8 1193,2 706,5 202,9 
15 24,8 0,76 2432,4 1995,8 248,2 1170,8 829,8 203,5 

Source:[13] 
 
With the Grade 15 approach (see table 3), a compressive 
strength of about 250 kg/cm

2
 (25 MPa) is determined. 

Because of different  CPB machines and material that is 
different from the mix design is a modified mixture with a 
composition of per m

3
 are: 100 kg of cement, 380 kg of 

sand, and 560 kg of stone ash, and using a water-cement 
ratio of 0.6. 
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5. MEASURING INSTRUMENTS FOR CPB 
TEST SPECIMENS INSTALLATION 

This research is connecting the components of vibration 
time, engine pressing strength, and engine frequency to the 
compressive strength of CPB. They require accuracy in the 
installation of these gauges on the body of the machine so 

that the expected data can record it. The tools consist of a 
timer to set the vibration time, an inventor to adjust the 
number of frequencies on the electric motor as a vibratory 
drive, a high pressure regulating pump dial, and an android 
application for recording vibrations on the CPB engine. In 
more detail, you can see in Figure 3 below:

 
 

 

 

 
 

 
Figure 3 Installation of measuring devices on the engine body 

 
After installation, research on CPB compressive strength 
that is affected by frequency requires vibration data as a 
parameter. In this study only limited the vibration time 
between 7 and 8 seconds with the vibration frequency 
studied between 30-50 Hz at engine pressure of 25 and 90 
kg/cm

2
. The reason for the 7 and 8 second vibration time in 

this research is the maximum vibration time in CPB 
production. If the vibration time exceeds, there will be two 
losses that must be borne by the owner of the machine, one 
machine will be damaged quickly and the other low yield in 
every hour. So it takes longer to reach the BEP (Break-
Even Point). The frequency between 30-50 Hz due to the 
minimum ability of an electric motor engine in producing 
CPB. While pressing 25 kg/cm

2
 is the minimum pressing 

limit can provide CPB, whereas 90 kg/cm
2
 is the maximum 

hydraulic capability that occurs. This research also will be 
seen as the difference in compressive strength, even with 
the same mixture of ingredients. 

.  
6. Research and discussion 
 The compressive strength testing of paving blocks, 
according to ASTM C 192[14], is to get the maximum load 
that can be accepted by paving blocks. The equipment test 
is CTM (Compression Testing Machine). It is pressure  
sample until destroyed then calculate the compressive 
strength results of the paving block using the next equation: 
 
 fc’ = P / A    (1) 
where:  
fc’ = Compressive strength of concrete (MPa) 
P   = Maximum load (N) 
A  = Area (mm

2
) 

 
The calculation of average compressive strength from the 
total of compressive strength divided by the number of test 
pieces. The testing procedure is, according to (SNI 03-
0691-1996) [15]. 

 
 
 
 
 

 
 

Information: 
a) The condition of the machine after the tool is installed 

b) Accelerometer android application 

c) Dial engine pressure 
d) Inventer 

e) Timer 

f) Dial engine pressure instalation 

g) d) and e) instalation 

(a) (b) (c) (d) 

(f) (g) (e) 
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Figure 4 Compressive Strength Test Objects 
 
To achieve the results of research by expectations, in the 
paper regulating the regulator under the CPB engine 
capacity. Then use some sample code with the term M7 
which means the type of electric motor 7 Hp, P25, and P 
90, which involves engine pressure 25 and 90 kg/cm

2
 and 

the terms T7 and T8  which means 7s and 8s vibration time. 
Finally, the results of sample preparation are as shown in 
table 4  
and  table 5 below.

 
Table 4 Compressive strength on a 7 HP electric motor at t = 7 seconds 

Sample code CS M P F t 

 
kg/cm

2
 Hp kg/cm

2
 Hz second 

M7P25F30T7 136.51 7 25 30 7 

M7P25F35T7 154.38 7 25 35 7 

M7P25F40T7 206.20 7 25 40 7 

M7P25F45T7 261.34 7 25 45 7 

M7P25F50T7 208.64 7 25 50 7 

M7P90F30T7 143.69 7 90 30 7 

M7P90F35T7 134.68 7 90 35 7 

M7P90F40T7 272.10 7 90 40 7 

M7P90F45T7 265.06 7 90 45 7 

M7P90F50T7 220.34 7 90 50 7 

 
Table 5 Compressive strength on a 7 HP electric motor at t = 8 seconds 

Sample Code CS M P F t 

 
kg/cm

2
 Hp kg/cm

2
 Hz second 

 

M7P25F30T8 126.52 7 25 30 8 

M7P25F35T8 199.96 7 25 35 8 

M7P25F40T8 281.37 7 25 40 8 

M7P25F45T8 298.44 7 25 45 8 

M7P25F50T8 246.42 7 25 50 8 

M7P90F30T8 123.94 7 90 30 8 

M7P90F35T8 203.99 7 90 35 8 

M7P90F40T8 306.71 7 90 40 8 

M7P90F45T8 323.32 7 90 45 8 

M7P90F50T8 247.81 7 90 50 8 

CS = Compressive Strength, M = Electric motor, P = Pressing  
machine, F = Frequency, t = Vibration time  
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7.  THE RELATIONSHIP OF FREQUENCY VS 
COMPRESSIVE STRENGTH IN CPB 
PRODUCTION 

The plotting data from table 4 and table 5 and the results 
are in Figure 5 and Figure 6. The effect of frequency vs 
compressive strength of CPB is interesting to review.. Both 
the vibration time t=7 seconds and t=8 seconds, seen along 
with the increasing rate of vibration. There is a very 
significant change in compressive strength. At a frequency 
of 30 Hz, each test showed an average compressive 
strength still below 150 Kg/cm

2
. On the 7 Hp electric motor 

and 7 seconds vibration time on engine pressure (25-90) 
Kg / cm2, the optimum compressive strength have (229-
252) Kg/cm

2
 at frequency (44-47) Hz is obtained. On the 7 

Hp electric motor and 8 seconds vibration time on engine 
pressure (25-90) Kg/cm

2
, the optimum compressive 

strength (288-310) Kg/cm
2
 at frequency (43-44) Hz, under 

the same mixed treatment. While the difference in pressing 
CPB engine between the 25 and 90 kg/cm

2
, each test 

shows a curve that coincides between the two. All data 

explain that the frequency of vibration is very dominant in 
increasing the compressive strength of CPB. The effect of 
rate on vibropressing in research by Kovalka [12] also 
applies to CPB machines. The increase in the quality of 
compressive strength of CPB, which reaches (66-100)%, is 
a remarkable increase caused by vibropressing technology. 
So this technology must be identified more deeply because 
it involves several components such as frequency, vibration 
time, pressing, and vibration amplitude. This vibropressing 
research uses vibration time for only 7 and 8 seconds. In 
concrete, the period of shakes reaches 1-2 hours with the 
volume of shakes reaching 2 m

3,
 as stated in the above 

study. There is a potential for a change in compressive 
strength due to the duration of vibration. But on the other 
hand, the long shakes will have an impact on the high cost 
of CPB production. The high price comes from the durability 
of CPB machines and the amount of electrical energy used 
for CPB production operations. So that in this study limits 
the vibration time to 7 and 8 seconds. 
 

 
Figure 5 Relationship of CS vs F (M7T7) at P25, P90 

 

 
Figure 6 Relationship of CS vs F (M7T8) at P25, P90 
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8.  CONCLUSION 
 
The conclusion from the above research are: 
a. There are 3 main parameters in the vibropressing 

process namely vibration frequency, engine pressure 
and vibration time, explained that the vibration 
frequency has the most influence in the process of 
increasing the compressive strength of CPB. 

b. At 7 Hp electric motor energy and 7 seconds vibration 
time on engine pressures (25-90), Kg/cm

2
  produces 

optimum compressive strength (229-252) Kg/cm
2
 (22-

26) MPa at  frequency (44-47) Hz. 
c. At 7 Hp electric motor energy and 8 seconds vibration 

time on engine pressure (25-90), Kg/cm2 produces 
optimum compressive strength (288-310) Kg/cm

2
 (28-

31) MPa at frequency (43-44) Hz. 
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