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ABSTRACT 

This research aims to the environmental saving process and the discovery of the 

latest alternative building materials. In the research, the researchers have produced 

an organic cement that is the latest alternative cement aside from portland cement 

which is made through organic waste recycling system,  fly ash, bottom ash, and 

substitution of mediteran soil and clay.  The method used in this research is 

laboratory testing. The testing is used to determine the element of chemical compound 

on each organic cement's main ingredients. From the analysis result of chemical 

compound of organic cement through laboratory testing method, it has been found 

indication that similar to chemical compound of portland cement in the form of: CaO; 

65.36%, SiO2 18.84%, Al2O3 6.33%, Fe2O3 2.29%, SO3 3.64%, MgO 1.35%, C3S 

66 , 72%, C2S 3.98%, C3A 12.9%, and C4Af 6.97%. The bleeding of 1 m
3
 organic 

cement concrete is 23,88 ml/cm
2
,which is lower than the bleeding of portland cement 

concrete that reaches 31,83  ml /cm
2
. The air content of 1 m

3
 organic cement concrete 

is 2,2 %, which is lower than the air content of portland cement concrete that reaches 

1,9 %. Result of another experimental research is the smoothness of the alternative 

cement granule that slips in the 200 mesh sieve is 56%, which is higher than the 

portland cement granule that reaches 52%. The obtained alternative cement solid 

weight is 1200 kg/m
3
 more light from portland cement which reaches 1250 kg/m

3
. 
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1. INTRODUCTION  

The emphasis of research results is oriented to the utilization of waste recycle on materials 

that do not contribute much in the community life so far. An organic cement is the latest 

alternative cement beside from portland cement which is made through organic waste 

recycling system and by substitution  with mediteran soil [1]. This study aims as the 

development of previous experimental research that researchers have done titled 

Chacarteristic Of Compressive and Tensile Strength Using The Organic Cement Compare 

With Portland Cement  [2]. 

The necessity of building materials need to be addressed by conducting research through 

the utilization of recycling waste to obtain building materials that can be an alternative 

material [3].  Currently, waste problem is a problem faced all over the world. Gradually, the 

high volume of waste has a negative impact on the environment. Handling of waste 

management is necessary because of there is a big negative impact that can be produced. The 

problem of garbage seems not a simple thing, because as long as there is human life then the 

problem will always arise. The management of municipal solid waste in Indonesia becomes 

an actual problem along with the increasing population growth which has an impact on the 

increasing number of garbage and the occurrence of aesthetic degradation problem around the 

landfill which has the potential to cause social conflict with the surrounding community [4].  

Waste is goods or objects that have been depleted the value of the benefits and create a 

negative impression that makes the waste viewed as objects that must be removed from the 

home page any way [5].   

The high growth of waste volume is often coincides with the high rate of population 

growth. Therefore, the current waste problem can be said to be a world problem at hand. 

Besides that, with good handling and good management of waste, environmental saving has 

been done. Handling of organic waste through the combustion process with furnace at a 

temperature of 700
o
C until become ashes will contain elements of 69.7% CaCO3, 12.1% KCl; 

3% SiO2, 8.1% Fe and 3% Al2, while shellfish ash contains 100% CaCO3  [6].  Along with 

economic growth, per-capita garbage production will continue to rise so prediction in 2030 

will reach 1.2 kg / capita / day for urban areas and 0.55 kg / person / day for rural areas. In 

Indonesia organic waste is a major component in waste. The proportion of organic waste is 

between 34-70%, 20-30% higher than most countries in Europe [7]. 

Mediteran soil is a soil formed from weathering of sedimentary rock and limestone rock. 

This type of soil contains a considerable amount of carbonate and other compounds of iron, 

water, aluminum, and some other organic matter [8]. 

Clay undergoes a change consisting of several stages when the clay is burned, both 

primary and secondary clays. The first change that occurs in primary and secondary clays 

when burned, is the loss of free water, especially for secondary clays will be followed by the 

burning of other organic materials, such as humus, leaves, and twigs contained in the clay. On 

subsequent changes the chemical water content will be lost. Primary and secondary clays 

contain free silica in the form of sand, quartz, flint and crystals. Silica is the subject for 

changing the shape and volume of clay at a certain temperature. Some changes are fixed 
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(conversion) and others are reversible. Clay that through the combustion process with 

temperatures exceeding 600ºC will change into a solid, hard and permanent mineral [9]. 

Increased demand for housing and infrastructure automatically demands the need for ever-

increasing building materials. Increased need of building materials must be addressed with the 

use and discovery of building materials that can provide an alternative. The increase of 

cement growth to date is still influenced by the high development done by the private sector 

and the high housing demand for the community [10]. 

A cement that contains mineral elements as a substitute for portland cement is known as 

composite cement, mixed cement or alternative cement. The added mineral component is 

called an additional mineral that is reactive and contributes to the hydration process. Fly ash is 

the most widely mineral used. Another mineral additions are natural pozzolans and 

microsilica/silica fume. Cement containing mineral elements as a substitute for Portland 

cement is known as composite cement, mixed cement or alternative cement. The added 

mineral component is called an additional mineral that is reactive and contributes to the 

process hydration process. The use of saturated fly ash is one way to reduce high exposure in 

the process of hydration to the density of cement in concrete [11]. 

Coal waste in the form of fly ash generated from burning waste disposal at power plants is 

generally still not utilized in most countries [12]. 

The greater the percentage of fly ash hydration. then the initial binding time and the end 

are slower. C3S, C2S, C3A and C4AF compounds will react with water, starting with C3A 

compounds. The reaction product reacts with the main elements present in the fly ash of silica 

and alumina thus the chain of hydration reactions will be so long that it will eventually 

increase the binding time of the concrete. The greater the fly ash content as a substitute for the 

amount of cement in the concrete mix, the C3S, C2S, C3A and C4AF compounds will 

decrease as this will result in reduced hydration heat. Reduced hydration heat will slow the 

reaction so that it will slow down the binding time [13]. Coal fly ash (fly ash coal) granules 

with very fine dimension equivalent pass sieve # 200. This type contains SiO2, Al2O3, P2O5, 

and Fe2O3 but the SiO2 content is high enough to reach ± 70 percent. With a high enough 

silica content allows coal ash meets the criteria as material that has the properties of cement / 

pozzolan [14].  The use of fly ash creates a reduction in air pollution emissions that have a 

negative impact on the economy, it has been observed that 0.9 tons of CO2 is produced per 

tonne of cement production. In addition, the cement composition is 10% of the weight in the 

cubic yard of the concrete. Thus the use of fly ash makes it possible to reduce atmospheric 

CO2 emissions as a form of environmentally friendly engineering [15].  The effect of adding 

a certain amount of fly ash will increase the strength of the concrete [16]. 

The development of the use of arletrantive sources for the manufacture of cement as well 

as those developed by Japan which have produced eco-cement made from municipal waste 

ash through incinerated as a substitute for some of the main raw materials containing 50% of 

cement raw materials such as mud waste [17]. 

To create an Eco-Semen CSA Clinker then the appropriate starting raw material needs to 

be burned at a maximum temperature of 1200-1300 ° C. Reuse of waste materials in the form 

of phosphogypsum will reduce the temperature and time of the combustion process. Large-

scale eco-cement making can be done in conventional rotary kilns used for Portland Cement 

and producing chemical cement mineralization C = CaO, A = Al2O3, S = SiO2, s = SO3, F = 

Fe2O3, M = MgO. Ye'elimite 4CaO • 3Al2O3 • SO3 i.e. C4A3s  [18]. 

2. RESEARCH METHODOLOGY 

In this experimental research, the tests are conducted on the organic cement concentrate and 

conducted on the main raw material concentrate of organic cement forming through chemical 
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laboratory testing. The testing is used to determine the chemical element as well as the 

laboratory structure and materials to know its physical properties. In chemical laboratory, the 

chemical element analysis testing is to study the compound of CaO, SiO2, Al2O3, Fe2O3, SO3, 

MgO, Loi, Na2O, K2O, C3S, C2S, C3A and C4Af. Chemical element testing method refers to 

ASTM C-114-07 [19]. The reference is a normative reference that is deemed highly relevant 

in the process of cement chemical compounds testing. 

Physical properties testing methods are conducted in laboratory of structures and materials 

which include bleeding, air content, and unit weight testings on organic cement concrete and 

portland cement concrete. To see the feasibility of organic cement, the test sample also 

includes chemical compound testing to mediteran soil, organic wastes that are household 

waste, fly ash, bottom ash and clay. The benchmark used in this experimental testing is 

portland cement. 

3. RESULTS AND DISCUSSION  

Organic cement formed by utilizing natural materials substitution in the form of mediteran 

soil with the joint management or organic waste recycling in the form of household waste, fly 

ash, bottom ash and clay. After all the raw materials are processed, it is conducted the testing 

of chemical elements that are owned on each of these raw materials. Then, after the mixing of 

raw materials to form clinkernization, the material management is conducted until it forms 

organic cement concentrate. Furthermore, this organic cement concentrate is also processed 

by chemical element testing. To see the feasibility of organic cement concentrate as an 

alternative cement, the research development that is conducted by the researcher is to study 

organic cement concentrate on examination of physical properties in the form of bleeding, air 

content, and unit weight testing. 

3.1. Chemical and Characteristic of Organic Cement  

Chemical element testing is intended to determine the chemical compound content by 

comparing the chemical compounds that are contained in the portland cement. Organic 

cement concentrate is formed by utilizing natural materials substitution in the form of 

mediteran soil and recycling of organic waste that are household waste, fly ash, bottom ash 

and clay. Table 1 it shows testing result chemical element of organic cement concentrate. and 

table 2 it shows testing result chemical element main ingredient organic cement. 

Fig 1 shows the burning process of the main ingredients of organic cement. The 

combustion of raw materials is conducted in a box fire machine that can withstand heat up to 

1800
o 

C. Combustion temperature control by using TI-1500 infra red sanfix thermometer tool. 

To analyze the time setting, the vicat tool was used and to analyze the fineness, the blane tool 

was used. Examination of chemical compounds was conducted at the chemistry laboratory of 

the Faculty of Mathematics and Natural Sciences of Hasanuddin University  and to know its 

physical properties, it was conducted in the laboratory of materials, structures and 

construction of the Faculty of Architectural Engineering Hasanuddin University. 
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Figure 1.  The burning process of the organic cement main ingredients. 

To form an organic cement concentrate, all the main ingredients are burned to a 

temperature of 1400
0
 C. After all ingredients are burned for 4 hours, cooling and refinement 

are performed. The concentrate-shaped material is then subjected to chemical compound 

testing to see the chemical element feasibility approach to the portland cement chemical 

element and physical properties test to see the physical feasibility of organic cement in the 

form of fineness, density, initial and final Setting time, and the normal consistency and 

application against use in the building in the form of concrete testing to see the feasibility of 

fresh concrete and hard concrete.  

Table 1 Chemical elements of organic cement concentrate compare with portland cement based on 

ASTM C114-07 

 

Parameter 

 

Unit 

Results 

Organic 

cement 

 Portland 

cement (ASTM 

–C 114) 

C3S 

C2S 

C3A 

C4AF 

SiO2 

Al2O3 

Fe2O3 

CaO 

SO3 

Na2O+K2O 

MgO 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

69,90 

7,30 

10,3 

3,1 

21,29 

7,86 

4,40 

68,43 

3,20 

1,58 

4,80 

 50-70 

15-30 

5-10 

5-15 

20,6 

5,07 

2,9 

63,9 

2,53 

0,88 

1,53 

Table 2 The chemical element is the main ingredient of organic cement concentrate 

 

Parameter 

 

Unit 

Results 

Organic   

waste 

Mediteran 

soil 
Clay Fly ash 

Bottom 

ash 

SiO2 

Al2O3 

Fe2O3 

CaO 

SO3 

Na2O 

K2O 

MgO 

% 

% 

% 

% 

% 

% 

% 

% 

46,65 

2,28 

0,18 

11,09 

1,01 

2,24 

11,98 

0,,02 

23,68 

0,44 

0,15 

19,35 

1,66 

0,01 

0,09 

0,018 

30,63 

3,41 

0,20 

0,51 

0,01 

0,23 

0,02 

0,36 

22,14 

3,84 

0,20 

6,87 

0,89 

0,37 

0,58 

0,03 

15,20 

2,99 

0,20 

1,41 

0,15 

1,03 

0,17 

0,02 
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Figure 2 below shows the organic cement raw material before the management process 

becomes organic cement concentrate.  

    

             A              B                            C              D                          E 

Figure 2 Mediteran soil (A) ,  Household waste  (B),   Clay  (C), Fly ash  (D), Bottom Ash  (E) 

The percentage of the main ingredients used in the organic cement forming  is shown in 

table 3 below. 

Table 3.  Percentage of organic cement forming 

N

o 

 Main composition (Major)  

 

Additional chemical elements 

(minor) 
Material 

Source 

Major 

chemica

l 

element

s 

Mater

ial 

Sourc

e 

Major 

chemic

al 

element

s 

1

. 

Mediteran Soil 

/S 
CaO 60,93 54 

SiO2, Al2o3, Fe2o3, Mgo, So3, 

a2o,K2O 

2

. 
Clay / I SiO2 30,63 10 

SiO2, Al2O3, Fe2O3, CaO, Na2O, 

K2O, MgO, SO3 

3

. 
Fly Ash / N SiO2 22,14 4 

Al2O3,CaO, Fe2O3, SO3, Na2O, 

K2O, MnO, MgO, TiO3,P2O5, HP 

4

. 

Bottom 

Ash / A 
SiO2 15,20 4 

CaO, Al2O3, Fe2O3, MgO, K2O, 

Na2O, HP 

5

. 

Organic  

waste /R 
SiO2 46,65 28 

CaO, Al2O3, Fe2O3, MgO, 

K2O,TiO2, Na2O, P2O5 

The empirical formula of the organic cement-forming concentrate can be derived as 

follows: 

 ∑RIf  =   ∑S  + ∑I + ∑N + ∑A + ∑R       (1) 

                                  100 

Legend: 

∑RIf =  Organic Cement Concentrate (kg) 

∑S =  Mediteran Soil Concentrate (%) 

∑I =  Clay Concentrate (%) 

∑N =  Fly Ash Concentrate (%) 

∑A      =  Bottom Ash Concentrate (%) 

∑R      =  OrganicWaste Concentrate (%) 

3.2. Bleeding and Air Content 

The amount of water bleeding as shown in table  4, where for the concrete of organic cement 

with the cylindrical concrete weight of 3,33 kg has a water bleeding value of 0.04 ml/cm² so 

that the prediction of water bleeding for 1 m
3
 concrete with organic cement is 23,88 ml/cm

2
. 
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Meanwhile, for the concrete that uses portland cement with cylindrical concrete weight of 

3,36 kg has a water bleeding value of 0,05 ml/cm
2
 and prediction of water bleeding for 1 m³ 

concrete with portland cement is 31,83  ml/cm
2
. Water volume testing of concrete cylinder 

bleeding  is calculated by reference based on ASTM C 232-99 [20].  

Bleeding  =   V / A   ……( ml/cm
2
 )                                  (2) 

Legend: 

V = volume of water bleeding from test specimens in ml     

A = surface area of the test specimen in cm²  

Table 4 Bleeding testing results of concrete with organic and portland cements 

 Organic Cement Portland Cement 

Specimen Weight 3,33          kg 3,36           kg 

Cylinder Volume 0,0016      m³ 0,0016        m³ 

Surface Area of Test Specimen 78,53       cm² 78,53         cm² 

Bleeding Value of Test Specimen  (V) 3               ml 4                ml 

Bleeding  Against Test Specimen Area 

(A) 
3/78,53= 4 ml/cm² 4/78,53= 0,05 ml/cm² 

Bleeding Prediction on 1m³  concrete 23,88   ml/cm
2
 31,83        ml/cm

2
 

For the air content measurement, it is obtained the results according to table 5 where in 

this research, the researchers also calculated the air content value of fresh concrete with 

organic cement test sample compared with the air content value of fresh concrete with 

portland cement. In Figure 3 A it shows the process of taking and measuring water bleeding 

between a concrete cylinder with organic cement and a concrete cylinder with portland 

cement and In figure 3 B it shows the measuring process of air content percentage of fresh air 

concrete in both organic cement concrete and portland cement concrete. The reference in this 

air content testing is ASTM C 231-03 [21]. 

        

A                   B 

Figure 3 Bleeding measurement process (A), Air content measurement process (A) 

Table 5 Air content of concrete cylinders 

 

 

Organic cement 

concrete 

Portland cement 

concrete 

Concrete Volume  

Correction Factor 

Reading Result 

0,0016  m³ 

1    % 

3,2 %  

0,0016  m³ 

% 

2,9  % 

Reading Result of Air Content 2,2 % 

 

1,9  % 

 

3.3. Unit Weight 

The unit weight of fresh concrete with organic cement is 2081 kg/m³ and its dry concrete 

weight is 2032 kg /m³, while the fresh concrete weight with portland cement is 2525 kg/m³ 
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and its dry concrete weight is 2405 kg/m³. The composition in analyzing the fresh concrete 

and dry concrete unit weights between portland cement and organic cement is shown in table 

6 below. Figure 4 is a concrete cylinder that is made from organic cement and portland 

cement concentrates. In the figure also, it shows the measuring process of temperature, 

specimen weight, and the condition of the cylinder concrete that has been tested tensile. 

       

                             A                                     B             C                                 D 

Figure 4 Temperature measurement of cylinder concrete with organic cement  (A), Weight 

measurement of cylinder concrete with organic cement (B), Concrete cylinder with organic cement of 

tensile test result (C), Concrete cylinder with portland cement of tensile test result (D) 

Table 6 Fresh concrete unit weight with organic and portland cements 

 Organic cement Portland cement 

Cylinder Mold Weight 6,20  kg 6,20 kg 

Test specimen Weight 9.53-6,20=3,33 kg 10,24-6,20=4,04 kg 

Cylinder Volume 0,0016 cm³ 0,0016  cm³ 

Fresh Concrete  

Weight Dry Concrete Weight (28 Days) 

 

3.33/0,0016=2081 

kg/m³ 

3,33/0,0016=2032 

kg/m³    

4,04/0,0016=2525 

kg/m³ 

4,04/0,0016 =2405 

kg/m³ 

  

4. CONCLUSIONS 

From the examination results of chemical and physical properties of organic cement 

concentrate, it has obtained an indication that similar to the properties of portland cement 

chemical compounds which in this case used as a comparison sample. In improving the 

organic cement quality, it is deemed necessary to conduct an advanced experimental research. 

In the same concrete mix design although the concrete compression test with organic cement 

is still lower than the concrete with portland cement, but this organic cement can be used for 

light construction. 

REFERENCES 

[1] Syarif Muhammad, et al., “A study Of Cement Made From Recycled Gerbage Materials 

Compared With Portland Cement”. The Third International Cenference on Sustainable 

Infrastructure and Built Environment (SIBE-2017), held on September 26-27, 2017 in 

Institut Teknologi Bandung (ITB). 

[2] Syarif Muhammad et al., (2018). “Chacarteristic Of Compressive and Tensile strength 

Using The Organic Cement Compare With Portland Cement” Journal International 

(2018). Scopus  Author ID: 57202459720.  Case Studies in Construstion Material, issn 

22145095. https://doi.org /10.1016 /j.cscm.2018. e00172 

[3] Syarif Muhammad, et al., “Karakteristik Sampah Organik dan Tanah Mediteran Menjadi 

Semen Organik”. Prosiding Vol 2, ISBN 978-602-60662-3-7, MTR 23-29. Konferensi 



Muhammad Syarif, Victor Sampebulu, M. Wihardi Tjaronge and Nasruddin 

http://www.iaeme.com/IJCIET/index.asp 1449 editor@iaeme.com 

Nasional Teknik Sipil 11 (KONTEKS-11), tgl 26-27 Oktober 2017 di Universitas 

Tarumanagara Jakarta. 

[4] Mahyudin Putri Rezqi, (2017). Kajian Permasalahan Pengelolaan Sampah Dan Dampak 

Lingkungan Di TPA(Tempat Pemrosesan Akhir). JurnalTeknik Lingungan, 3 (1) : 66-

74.  ISSN 1693-0391. 

[5] Widiarti Ika Wahyuning, 2012.  Pengelolaan Sampah Berbasis Zero Waste Skala Rumah 

Tangga Secara Mandiri Jurnal Sains dan Teknologi Lingkungan.  Vol 4 Nomor 2 Juni 

2012, Halaman 101‐113 ISSN: 2085‐1227. 

[6] Ariesta Frieska and Sawitri Dyah.  2013. Studi Eksperimental Pembuatan Ekosemen dari 

Abu Sampah dan Cangkang Kerang sebagai Bahan Alternatif Pengganti Semen,  Jurnal 

Teknik Pomits. Vol. 2, No. 2, 2013, ISSN: 2337-3539. 

[7] Damanhuri Enri et al., (2010). Indonesia Climate Change Sectoral Roadmape (ICCSR) 

Sektor Limbah. https://www.bappenas.  go.id/files/8913/4986/4554/roadmap-perubahan-

iklim-sektor-limbah 17 Feb -ruari 2011. 

[8] Maulana Abdi, 2016. Fungsi Tanah Mediteran Bagi Kehidupan.  http://www.majalahbatu. 

com/2016/11/fungsi-tanah-mediteran-bagi-kehidupan.html (8 November 2016). 

[9] Dwijaya Ferlyc Achmat  et al., (2014). Kajian Bahan Dasar (Lempung) Terhadap 

Karakteristik Mekanik Batu Bata Yang Dihasilkan Dan Kesesuaian Fungsi Berdasarkan 

Diagram Winkler.  Jurnal Teknik Sipil   Universitas Brawijaya. Vol 1, No 3 (2014). 

[10] Nur Rasdiana Rahma, 2015. Studi Awal Desain Pabrik Semen Portland dengan Waste 

Paper Sludge Ash Sebagai Bahan Baku Alternatif . Jurnal Teknik Sipil ITS Vol. 4, No. 2, 

(2015) ISSN: 2337-3539. 

[11] Sampebulu Victor. 2012. Influence Of High Temperature On The Workability Of Fresh 

Ready-Mixed Concrete. Journal Of Engineering And Technological Sciences ITB.  Vol. 

44  No. 1,  2012, 21-32 ISSN 1978-3051. 

[12] Sampebulu Victor. 2012. Increase on Strenghts of Hot Weather Concrete by Self-Curing 

of Wet Porous Aggregat   Civil Engineering Dimension. Vol. 14 No. 2, September 2012, 

92-99 ISSN 1410-9530. 

[13] Surya Sebayang   et al., 2012. Pengaruh Abu Terbang Terhadap Sifat-sifat Mekanik Beton 

Alir Ringan Alwa. Jurnal Teknik Sipil UBL. Volume 3 Nomor 1, April 2012 

[14] Tumingan et al., 2016.  Penyerapan dan Porositas Pada Beton Menggunakan Bahan Pond 

Ash Sebagai Pengganti Pasir” Jurnal Politeknologi Vol. 15 NO. 1 Januari 2016, ISSN 

2407-9103. 

[15] Garg Chirag   et al., 2014. “Green Concrete Efficient and Eco Friendly Construction 

Materials” International Journal of Research in Engineering & Technology (IMPACT: 

IJRET), ISSN(E): 2321-8843; ISSN(P): 2347-4599. Vol. 2, Issue 2, Feb 2014, 259-264 

[16] Marthinus Philip Adrian, et al., 2015. Pengaruh Penambahan Abu Terbang (Fly Ah) 

Terhadap Kuat Tarik Belah Beton.  Jurnal Sipil Statik, Vol. 3. No. 11, November 2015: 

726–736. ISSN 2337-6732. 

[17] Hanehara Shunsuke. (2011). Eco-Cement and Eco-Concrete Environmentally Compatible 

Cement and Concrete Technology. COE Workshop on Material Science in 21st Century 



Analysis of the Physical Properties of Alternative Cement Made from Recycled Waste Material 

http://www.iaeme.com/IJCIET/index.asp 1450 editor@iaeme.com 

for the Construction Industry. Durability, Repair and Recycling of Concrete Structures" 

date  05-08-2011, Iwata University. 

[18] Ukrainczyk N. et al.,2013. Calcium Sulfoaluminate Eco-Cement from Industrial Waste, 

Chem. Biochem. Eng. Q. 27 (1) 83–93 (2013). Presented at 3rd International Symposium 

on Environmental Mana gement, SEM–Towards Sustainable Technologies (SEM2011) at 

University of Zagreb, Faculty of Chemical Engineering and Technology, 26–28 

September, 2011, Zagreb, Croatia. 

[19] American Society for Testing and Material, (ASTM). Designation C 114-07, “Standard 

Test Methods For of Chemical Analysis of Hydraulic-Cement”. P 1-32, Current Edition 

Approved, July 15, 2007. Published August 2007 

[20] American Society for Testing and Material, (ASTM). Designation C 232-99 Standard 

Test Methods For Bleeding Of Concrete Current edition approved july 10, 1999. Anual 

Book of ASTM Standards,Vol 04.02. 

[21] American Society for Testing and Material, (ASTM). Designation C 231-03 Standard 

Test Methods For Air Content Of Freshly Mixed Concrete. Current Edition Approved, 

July 10, 2003. Published Sept 2003 Annual book Of ASTM Standards, Vol 04.02. 

View publication statsView publication stats

https://www.researchgate.net/publication/328488304

