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Abstract 
 
In general, the production of high strength concrete using cement, aggregates and additives, 
such as super plasticizer and silica fume. In this research, alternative additives were used instead 
of silica fume with variation of fly ash, consists of palm shells fly ash, coal fly ash and rice husk 
ash with the addition of percentage by weight of cement 0 %, 5 %, 8 %, 10 % and 15 %, also 
used super plastizer type of polycarboxylate ether (Viscocrete N 10) as much as 1.5% by weight 
of cement Concrete is designed with 0,30 of water cement ratio. In this research, test were 
conducted on high strength concrete specimen with different additives, also the correlation 
between measurement of mortar, cement paste, and concrete strength, along with stress–strains 
correlation. Scanning Electron Microscope (SEM)used to observed the microstructure concrete. 
Compressive strength test using concrete cylinder by 15 cm in diameter and 30 cm height, 
cement paste by 10 cm in diameter and 20 cm height, mortar by 10 cm in diameter and 20 cm 
height, with the size of aggregate cube in 10 cm x 10 cm. the quantities of sample test are 270, 
each variable using 3 samples. The result of high strength concrete mechanical properties test 
showed that at the age of 56 days with the addition of 15% palm shells ash produces the highest 
result of compressive strength 692,30 kg/cm2, follow by coal fly ash (10%) with strength result 
669,60 kg/cm2 and rice husk ash (5%) 599,80 kg/cm2. There is addition in strength at 56 days 
compared to strength of 28 days. The behavior of High Strength Concrete showed Aggregates 
have the highest strength and low strains compared to the other component that is concrete, 
mortar and cement paste. Observation SEM showed that concrete with addition of fly ash was 
compact and solid more than without using fly ash. It also there was micro cracked because 
imposition. 
 
Keywords : Strength, additives and concrete. 

 
 
Introduction 

 
In accordance to rapid development in concrete technology especially regarding to high strength 

concrete that use small water cement ratio, and the use of additive and admixture (super plasticizer), and also 
it will need further research in order to obtain new materials that can be used as an alternative for the 
production of high strength concrete 

The purpose of this study is to determine the influence of additives variation for high strength concrete 
mechanical properties, strength, stress–strains correlation and micro structure concrete. 3 variations, consist 
of fly ash of burning coal, shell palm oil, and rice husk ash with the addition of weight percentage of cement 
0%, 5%, 8%, 10% and 15% (Mehta and Monteiro, 2006) for strength, stress–strains correlation and micro 
structure concrete with 0,30 water cement ratio (w/c). Used super plasticizer of polycarbocylate type 
(Viscocrete N 10) with the addition of percentage of the weight of the cement 1,5%. 

Prior to concrete production, first performed the examination of aggregates according to Anonym 
(1982), this examination performed of physical properties, that is specific gravity, absorption, bulk density, 
sieve analysis, endurance of aggregates and the organic content. Performed the examination of aggregates 
have to according to ASTM. 

Compressive strength test and strains–stress correlation test of concrete cylinder, mortar, and paste 
cement were conducted at 28 and 56 age days. And then for micro structure concrete test was performed after 
compressive strength test, samples taken from fragments of cylinder concrete and used scanning electron 
microscope to observing micro structure of high strength concrete.  
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High strength concrete mix design calculated for strength design at 70 MPa (Aulia, 2005). Design 
using crushed stone (split) for aggregates with 16 mm maximum diameter. Gradations of aggregate used in 
this mix design that is (0–2) mm, (2–5) mm, (5–8) mm, (8–11) mm and (11–16) mm (Mahdi, 2008). 

 
 

Material and Methods 
 
Mix Design, Sample and Test 

The composition of concrete mix (concrete mix design) is planned based on the method of concrete 
weight ratio. In this research, Mix design for concrete strength is 70 MPa, with concrete cylinder (Ø 15, T30 
cm), water cement ratio 0,30, percentage of fly ash coal burning, palm shell ash and rice husk ash 0%, 5%, 
8%, 10% and 15% for weight of cement. In this research, total cylinder specimens for test are 270 pcs, and 
cube specimens are 3 pcs. concrete cylinder size Ø 15 cm, T = 30 cm are 90 Cylinder specimen for mortar (Ø 
10 cm, T = 20 cm) are 90 pcs, and cement paste with (Ø 10 cm, T = 20 cm) are 90 pcs. The aggregate cube is 
3 pcs. The test conducted for concrete cylinder used to measure the strength, strain, microstructure and visual 
observation, and for mortar, cement paste, and aggregate cube are used for strength and strain only 

Compressive strength test was conducted at 28 and 56 ages days, except cube aggregates was 
conducted at 0 age day. Compressive strength test used compressive machine test (Merk Ton Industrie). Test 
of structure micro concrete were conducted with scanning electron microscope observation to know how 
structure micro behavior cause compressive strength. 

 
Table 1. Design of Specimen concrete, mortar, paste cement and aggregate. 

Specimen Concrete Variation of Additives 
Percentage of Additives SP Period of Test 

0% 5% 8% 10% 15% (%) (days) 

Concrete Cylinder (Ø15 cm, H = 
30 cm 

FABB 3 3 3 3 3 1.5 28 & 56 
ACS 3 3 3 3 3 1.5 28 & 56 
ASP 3 3 3 3 3 1.5 28 & 56 

Mortar Cylinder (Ø15 cm, H = 30 
cm 

FABB 3 3 3 3 3 1.5 28 & 56 
ACS 3 3 3 3 3 1.5 28 & 56 
ASP 3 3 3 3 3 1.5 28 & 56 

Cement Paste Cylinder (Ø15 cm, 
H = 30 cm 

FABB 3 3 3 3 3 1.5 28 & 56 
ACS 3 3 3 3 3 1.5 28 & 56 
ASP 3 3 3 3 3 1.5 28 & 56 

Aggregates Cube 3 – 
 

 
Figure 1. Specimen of concrete, mortar and cement paste 

 
Materials 

Material used in this research is cement Portland, aggregate, additive of fly ash coal burning, palm 
shell ash and rice husk ash, also admixture super plasticizer. 
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Results and Discussion 
 
Mix design of concrete for all variation showed at Table 2.Compressive strength test was 

conducted at period 28 and 56 days, the result of test shown at Figure2.The figure shows that in high 
strength concrete with addition of 15 % palm shell ash produces the highest compressive strength up to 
692,30 kg/cm2. for all variation. The testing period for variation of additives added strong influence in 
strength. 

 
Table 2. Materials composition of 1 m3 concrete 

Fly FA Water Cement FA SP Aggregate (mm) 
Ash (%) (kg) (kg) (kg) (kg) 11–16 8–11 5–8 2–5 0–2 
(FA) 

     
(kg) (kg) (kg) (kg) (kg) 

0% FA 0 165 550 0 8,25 496,68 248,34 248,34 165,56 496,68 

Coal 

5 165 550 27,50 8,25 470,61 235,30 235,30 156,87 470,61 
8 165 550 44,00 8,25 454,96 227,48 227,48 151,65 454,96 

10 165 550 55,00 8,25 444,54 222,27 222,27 148,18 444,54 
15 165 550 82,50 8,25 418,47 209,23 209,23 139,49 418,47 

Shell Palm Oil 

5 165 550 27,50 8,25 482,13 241,06 241,06 160,71 482,13 
8 165 550 44,00 8,25 473,40 236,70 236,70 157,80 473,40 

10 165 550 55,00 8,25 467,58 233,79 233,79 155,86 467,58 
15 165 550 82,50 8,25 453,04 226,52 226,52 151,01 453,04 

Rice Husk Ash 

5 165 550 27,50 8,25 460,47 230,23 230,23 153,49 460,47 
8 165 550 44,00 8,25 438,75 219,37 219,37 146,25 438,75 

10 165 550 55,00 8,25 424,26 212,13 212,13 141,42 424,26 
15 165 550 82,50 8,25 388,06 194,03 194,03 129,35 388,06 

 

 
Figure 2. Bar Chart of Compressive Strength test. 

 

 
Figure 3. Form of coarse aggregates distribution. 
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Visual Observation 
The function is to see the coarse aggregate distribution in concrete mixture has performed a visual 

observation perception visually at concrete cylinder which have cracks apart effect of compressive strength 
test. 

 
Aggregate, concrete, mortar and cement paste stress–strain relationship  

From the result of research and data processing obtained a tension relation stress–strain of aggregates , 
concrete, mortar and cement paste at each variation of additive and variation of use percentage. Showed that 
graph of stress–strain relation in generally very similar . Between aggregates and concrete, mortar and 
cement paste was tend to far, while between concrete, mortar and cement paste was tend to close. This matter 
show the strength of aggregates more big than strength of concrete, mortar and cement paste. Where strain 
that happened to smaller of aggregate than strain of concrete, mortar and cement paste. The behavior of high 
strength concrete showed aggregates have the highest strength and low strains compared to the other 
component that is concrete, mortar and cement paste. The relation stress–strain of used palm shell ash 15% 
showed at Figure 4. 

 
Figure 4. Stress–strain relation of concrete, mortar, cement paste and aggregate. 

 
Figure 5 showed stress–strain relation of high strength concrete using all variations of additives. The graph 
showed the similar stress–strain relation for high strength concrete with all variations of additives. 

 
Figure 5. Stress–strain relation of high strength concrete. 

 
From the computation of double polynomial order 2, the formula built as shown below: 

 =   [− ,  ( ) + , ( )] 

explanation: 
σ  = concrete strength 
f’c = maximum concrete strength 



ε’ = concrete strain 
εco = maximum concrete strain

 
SEM Observation 

Microstructure concrete tested using scanning electron microscope (SEM) for application fly ash at 
cement paste, aggregates and interface area.

 

 
Figure 5. Observation by SEM of

FA 
 

Figure 5 shows that in the observation of SEM on concrete using 0 % fly ash there are still many pores in the 
concrete itself. Figure 6 shows that from the observation of SEM indicates that A is the area for aggregates, P 
is the area for cement paste and I is the interface area in concrete with the use of 5 % of palm shell ash. The 
figure also shows pores in the area of interface and cement paste in high strength concrete.
 

Figure 7. Micro crackat cement paste area by
 
Figure 7 shown the microstructure area of high strength concrete suffered micro cracks due 

compression test. Figure 8 shows Pores in the interface area. From SEM observed still there are pore at high 
strength concrete. Observation SEM showed that concrete with addition of fly ash was compact and solid 
more than without using fly ash. It also there was micro cracked because imposition.
 
 
Conclusions 

 
1. The compressive strength test results obtained from fly ash 

strength of 692,30 kg/cm2, at 56 age days.
2. Stress–strain relation between aggregates with concrete, mortar and paste cement tend to far.
3. The use of additives (fly ash coal, ash palm shells and rice husk ash) increase 

of concrete, it indicates that the additives can be used as a substitute Silica Fume, as an alternative 
substitute materials for making high quality concrete.
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= maximum concrete strain 

concrete tested using scanning electron microscope (SEM) for application fly ash at 
cement paste, aggregates and interface area. 

Observation by SEM ofconcrete 0% Figure 6. Area of aggregates (A), cement paste
Interface (I) at concrete with FA

Figure 5 shows that in the observation of SEM on concrete using 0 % fly ash there are still many pores in the 
concrete itself. Figure 6 shows that from the observation of SEM indicates that A is the area for aggregates, P 

the area for cement paste and I is the interface area in concrete with the use of 5 % of palm shell ash. The 
figure also shows pores in the area of interface and cement paste in high strength concrete.

 
crackat cement paste area by SEM Figure 8. Pore at interface area by SEM

Figure 7 shown the microstructure area of high strength concrete suffered micro cracks due 
compression test. Figure 8 shows Pores in the interface area. From SEM observed still there are pore at high 

crete. Observation SEM showed that concrete with addition of fly ash was compact and solid 
more than without using fly ash. It also there was micro cracked because imposition. 

The compressive strength test results obtained from fly ash concrete using palm shell oil 15% with 
strength of 692,30 kg/cm2, at 56 age days. 

strain relation between aggregates with concrete, mortar and paste cement tend to far.
The use of additives (fly ash coal, ash palm shells and rice husk ash) increase the compressive strength 
of concrete, it indicates that the additives can be used as a substitute Silica Fume, as an alternative 
substitute materials for making high quality concrete. 

concrete tested using scanning electron microscope (SEM) for application fly ash at 

 

cement paste (P) and 
FAACS 5% by SEM 

Figure 5 shows that in the observation of SEM on concrete using 0 % fly ash there are still many pores in the 
concrete itself. Figure 6 shows that from the observation of SEM indicates that A is the area for aggregates, P 

the area for cement paste and I is the interface area in concrete with the use of 5 % of palm shell ash. The 
figure also shows pores in the area of interface and cement paste in high strength concrete. 

 
nterface area by SEM 

Figure 7 shown the microstructure area of high strength concrete suffered micro cracks due 
compression test. Figure 8 shows Pores in the interface area. From SEM observed still there are pore at high 

crete. Observation SEM showed that concrete with addition of fly ash was compact and solid 

concrete using palm shell oil 15% with 

strain relation between aggregates with concrete, mortar and paste cement tend to far. 
the compressive strength 

of concrete, it indicates that the additives can be used as a substitute Silica Fume, as an alternative 
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