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Abstract 
 

World’s most smart revolutions are from the construction industry, making 

sustainable developments in the construction industry lead to healthy 

environment. Cement is the major material required for construction purpose. 

In fast growing areas there is a more need for the occupancy, which 

ultimately results in the increase in the production of cement, for every 

production of 1 KG of cement there is 980 gms emission of carbon dioxide 

,which is the major contributor of green house effect and global warming , by 

considering the aspects in more eco friendly way there will be always a 

tenable solution to it. Due the revolution in construction industry, there is a 

vast research going on to find the alternate material to cement. One of the 

alternative material I prefer In this research paper is alkali activated fly ash 

slag recycle concrete(AAFSRC).The performance of AAFSRC with sodium 

hydroxide and potassium hydroxide , as alkali activators are studied. All the 

activators are used at 4% Na20(by weight of slag) .The scope of the work 

covered four mixes: a normal strength OPC control mix, potassium hydroxide 

activated fly ash-slag, sodium hydroxide activated fly ash-slag, combination 

of( NaOH +KOH). The results are given for 3,7,14 and 28 days. 

 

Keywords: Alkali Activators, fly ash ,GGBS, sustainable concrete, strength 

criteria. 
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INTRODUCTION 

Global warming is the major cause for climate changes, as the climate changes there 

are adverse effects on human life ,according to report of IPCC given in 2014 the 

effect of these green house gases were increased to large extent when compared to 

1990’s this ultimately will result in the global warming, which has detrimental effects 

on the world.a chart was given which shows the increase in the earth’s temperature to 

a great extent. From NASA and Hansen et al. (2006) and in Hansen et al. (2010). 

The graph shows an overall long-term warming trend 

 

 

Our concern is to reduce the impact of global warming on the earth, as we know 

much of the carbon dioxide production mainly in the construction industry . IPCC has 

given prediction in production of carbon dioxide in the fourth international 

conference there is an incremental increase in the production construction industry 

alone constitute 5% of world’s carbon dioxide production, it is surprisingly 

known that from the journal of natural earth science carbon dioxide is re absorbed by 

the process of carbonation but still we have to reduce the emissions of carbon 

dioxide. For construction industry we can choose alternative pozzolona materials 

which will help us to recreate the binding properties as of cement, there are many 

pozzolana materials like flyash, silica fuma, ground granulated slag etc ., they are all 

the by products of the different industries. 

 

MATERIALS 

Fly ash 

fly ash is the by product from the thermal plant, it is other wise called as coal 

ash/bottom ash, it consists significant amount of silicon dioxide ,aluminum oxide 

and calcium oxide as major components and small amounts of arsenic, beryllium, 

boron, cadmium chromium, hexavalentchromium, cobalt, lead, manganese, mercury, 

molybdenum etc., EPA has declared that fly ash is not a hazardous waste ,and it 

can be used for construction purposes and it is known that fly ash is can be used as a 

component in Geopolymer’s. fig shows fly ash considered in this research work 

https://en.wikipedia.org/wiki/James_Hansen
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Table 1 properties of fly ash considered in this research 

 

Contents of fly ash Proportions 

Sio2% 52 

Al2O3 % 23 

Fe2O3 % 11 

CaO% 5 

SO3 % 0.8 

Na2O % 1.0 

K2O % 2.0 

Total Na eq.alk, % 2.2 

Loss on ignition,% 2.8 

Blaine fineness.m2/kg 420 

Relative density 2.38 

 

Slag 

Slag’s are by-products of the metallurgical industry and consist mainly of lime and 

calcium–magnesium aluminosilicates. The most common Slag’s produced are from 

the iron and steel industry, called blast- furnace slag. slag can be activated not only 

by OPC but also chemical alkalis introducing the concept of alkali-activated slag 

(AAFS). AAFS cement is composed of ground slag and an alkali component. The 

slag may be granulated blast furnace slag, electro thermal furnace phosphorous slag 

and steel slag. Of these granulated blast furnaces slag is most common type of 

slag used. If GGBS is placed in water alone, it dissolves to a small extent, but a 

protective film deficient in Ca2+ is quickly formed, which inhibits further reaction. 

Reaction continues if the pH is kept sufficiently high. The pore solution of a Portland 

cement, which is essentially one of the alkali hydroxides, is a suitable medium. The 
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supply of K+ and Na+ ions are limited, but these ions are only partially taken up by 

the hydration products, and the presence of solid calcium hydroxide ensures that the 

supply of OH- is maintained. Similarly the slag can be activated by the supply of 

OH- ions in other ways, such as the addition of sodium silicate or hydroxide (Taylor, 

1997). 

 

 

Aggregates 

Medium graded sand and 20-mm natural round uncrushed gravel was used. The 

density of aggregates in different conditions is given in Table 2 

 

Relative 

density 

sand gravel 

Oven dry 2.62 2.62 

Saturated 

Surface 

 

dry 

 

2.63 

 

2.63 

Apparent 2.65 2.65 

 

Recycled concrete aggregate 

Coarse recycled concrete aggregate (RCA) is produced by crushing sound, clean 

demolition waste of at least 95% by weight of concrete, and having a total 

contaminant level typically lower than 1% of the bulk mass. Other materials that may 

be present in RCA are gravel, crushed stone, hydraulic-cement concrete or a 

combination thereof deemed suitable for premix concrete production. 

Mix design 

The mix is designed to target strength of 38.25 Mpa, of M30 Grade. Mix design is 

done according to Indian standard recommended method of concrete mix design IS 

10262-2009. 

The mortar and paste mixtures are designed to have the same mortar or paste 

fractions of the concrete mixes. 



Vulnerability Assessment of Geo Polymer Concrete 143 

The notation for the mixes is as follows: 

CM1: PC control mix with w/c=0.40,and second control mix having w/c=0.45. 

SH4: Sodium hydroxide-activated slag concrete mixture with Na2O content of 4% 

by weight of slag of solid binder content with w/c=0.45 with 60%GGBS+40% Fly 

ash &with 10% recycled aggregate. 

KH4: potassium hydroxide-activated fly ash- slag concrete mixture with K2O 

content of 4% by weight of slag and with w/c=0.45 with 60% GGBS+40% Fly ash 

&with 10% recycled aggregate. 

SHK4: Sodium hydroxide and potassium hydroxide activated fly ash- slag concrete 

with 2.5% N2O +1.5K2O each by weight of fly ash- slag and w/c=0.45 with 

60%GGBS +40% Fly ash and With 10% recycled aggregate. 

 

The table 3 below shows the mix proportions 

Mix 

no 

Type of 

binding 

material 

Binding 

Material 

(kg/m3) 

Type of 

activator 

Activator 

(kg/m3) 

(4%) 

Fine agg 

(kg/m3) 

Coarse agg 

+(10%RCA) 

(kg/m3) 

W/b 

CM OPC 420 -------- -------- 562.8 1209.6 0.45 

SH4 Flyash+Slag 420 NaoH 21.67 562.8 1209.6 0.45 

KH4 Flyash+Slag 420 KOH 19.95 562.8 1209.6 0.45 

 

SKH4 

 

Fly ash+Slag 

 

420 

NaOH(2.5%)+ 

KOH(1.5%) 

 

13.54+7.48 

 

562.8 

 

1209.6 

 

0.45 

 

TESTS CONDUCTED ON THE SPECIMENS 

Different workability tests were performed ,these tests include slump cone, and 

consistency of these mixes were found out by the normal consistency test, 

Flexural test and punching shear tests are carried out on the OPC and AAFS 

specimens are results are tabulated 
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RESULTS 

Slump loss with time for different alkali activated fly ash slag recycled concrete is 

given below  

 

Figure 2 shows slump of different activators 

 

Setting time 

The mix procedure for OPC control mix followed the steps described in section 

3.4.1 and the test was carried out in accordance to IS4031 (part 5)1988 using the 

Vicat’s apparatus. 

 

Table 4 represents the setting time of different mortar mixes 

 

 

Cement type 

Initial 
 

setting time 
 

(h:min) 

Final 
 

setting time 
 

(h:min) 

CM (53 

grade) 

 

0.30 

 

3.10 

SH4 0.50 2.50 

KH4 0.25 2.00 

SKH4 0.60 3.40 

 

IS-4031(part 5:1988) prescribes a minimum initial setting time for Portland cement: if 

the designed 28 day compressive strength is 32.5 MPa, the initial setting time cannot 

be less than 75 min; if it is 42.5 MPa not less than 60 min; and if it is 52.5 MPa not 

less than 45min. 
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Compressive strength 

Compressive strength is an important criterion used to evaluate the quality of 

concrete. It is usually the value that the structural design of concrete is based on. 

This section gives details of the investigation carried out to evaluate the compressive 

strength of OPC, OPC/Slag and AAFS concrete with different activators. 

Table 5 Compressive strength development of different mixes 

S.NO Age (days) Type of concrete strength %28 day strength 

1 1 OPC 10 25 

 3  15 39 

 7  25 66 

 28  38  

2 1 SH4 9.35 28 

 3  12 36 

 7  15.8 48 

 28  32.9  

3 1 KH4 8.26 26 

 3  10.27 32 

 7  14.5 45 

 28  31.9  

4 1 SKH4 7.78 21 

 3  13.15 36 

 7  21.44 58 

 28  36.6  

 

 

Figure 2 Compressive strength of different mix samples 
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Flexural Strength: 

The knowledge of tensile strength of concrete is of importance. Direct measurement 

of tensile strength of concrete is difficult. Neither specimens nor testing apparatus 

have been designed which assure uniform distribution of the ‘’pull’’ to the concrete. 

While a number of investigations involving the direct measurement of tensile strength 

have been made, beam tests are found to be dependable to measure flexural strength 

property of concrete. 

This test program is included to investigate the flexural strength for AAFS concrete in 

comparison to OPC an only at the age of 12 day. Details of the test and the results are 

presented and discussed in this section. 

Table shows the flexural strength of AAFS concrete in comparison to OPC an only 

at the age of 12 day 

 

S.NO Type of 

 

concrete 

Flexural 

 

strength @12 day 

1 CM (53 grade) 18.2 

2 SH4 12.3 

3 KH4 12.6 

4 SKH4 14.6 

 

 

Fig 4 shows the flexural strength of the mixes @12 day 

 

EXURAL  

mailto:@12
mailto:@12
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PUNCHING SHEAR 

Punching shear is a type of failure of reinforced concrete slabs subjected to high 

localized forces, mainly due to shear forces. In flat slabs structures this occurs at the 

column support points. The reinforced concrete flat slab system is a widely used 

structural system. Its formwork is very simple as no beams or drop panels are used. 

The Indian code provisions are also based on the American code. As per the Indian 

code, the ultimate shear strength for slabs without pre- stress is given in clause 

31.6.3.1 of the IS code. 

 

 

Fig 5 shows punching shear of 400mm dia specimen 

 

 

Fig 6 shows punching shear of 200 mm dia specimens 
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Fig 7 shows the punching shear of 100 mm dia specimens 

 

SIZE EFFECT ON PUNCHING SHEAR STRENGTH: 

If the stress in specimen is not constant with same material because the size of the 

specimen will vary the stress also vary this is called size effect. If the sizes of the 

specimen will increases the stress will decrease. The below figure show the size effect 

of the different concretes 

 

Fig. 8 show the size effect of the different concretes 



Vulnerability Assessment of Geo Polymer Concrete 149 

The regression results for water cured samples are shown in Figure 6.4. The formulae 

arrived by regression are as follows: 

y = 2E-05x2 - 0.0145x + 3.9667  (OPC, WC) R² = 1 

y=3E-05x2-0.017x+3.5333  (SKH4,WC) R² = 1 

y = 2E-05x2 - 0.013x +2.9  (SH4,WC) R² = 1 

y = 2E-05x2 - 0.011x +2.6333  (KH4,WC) R² = 1 

 

CONCLUSIONS 

Overall it can be concluded that AAFS concrete has a great potential and presents a 

viable alternative to OPC to help in decreasing the effect on the environment in terms 

of energy conservation and less CO2 emissions. 

Out of all these three activators NaOH + KOH is best; NaOH was the second; KOH 

was the third in terms of flexural and punching shear test for the Vizag steel plant slag 

composition and fly ash provided from supplier NTPC Vijayawada. 

 In compressive test the strength growth rate in early age is high when 

compared to traditional concrete. 

 In flexural test, traditional concrete (M30) mix gives the higher resistance 

in flexure when compared to AAFS concrete at the dosage of 4 % of Na2O & 

K2O by weight of slag using all activators. But the flexural strength of AAFS 

is comparable with that of traditional M20, which can also be used as 

structural grade concrete which resulted at the dosage of 4 % of Na2O by 

weight of slag. 
 In punching shear test, experimental test results gives the higher values when 

compared with the ACI and I.S code formulae, which is as expected. 

Since in design code of practice any strength parameter is underestimated by 

applying the factor of safety. 

 ACI code punching shear strength is under estimated when compared to IS 

code punching shear strength. So it is better to estimate punching shear 

strength using ACI code of practice to be in safe side 

 In punching shear test, among all the AAFS concrete mixes, NaOH + KOH 

gives higher punching strength when compared to the other two AAFS 

mixes. KOH gives the very less strength compare to all mixes. 

 The increase in size of the specimen decreases the punching shear stress 

experimentally but in code of practice (ACI and I.S code) there is no equation 

for punching shear strength by considering the size effect. 

 Experimentally as the size of the specimen increases, the punching shear stress 

decreases for a constant (dia / thickness) of cylinder specimens. 
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