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Abstract 
 
Durability tests are conducted on geopolymer concrete with thermal ash 

aggregate (TAA) as coarse aggregate. TAA as coarse aggregate differs from 

hard granite stone. Changing the blue metal as coarse aggregate with TAA in 

geopolymer concrete performs well in compression test, water permeability 

test, acid tests, thermal resistance, saturated water absorption test, thermos 

shock test, and fire resistance test. The results are plotted and discussed. 
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1. Introduction 

 
When subjected to an abnormal environment, any material may affect its 

physical, chemical, and mechanical properties. If the material is withstood 

under abnormal circumstances, it can be used in the construction field [1]. 

Conventional cement concrete may get a reduction in strength when it was 

subjected to some aggressive environments. Geopolymer concrete has some 

resistance towards very tough environments [2]. The alkali materials in the 

geopolymer concrete may increase the resistance towards external chemical 

attacks. The water permeability in the geopolymer concrete is very low [3]. 

Geopolymer concrete has good resistance towards heat when subjected to 

very high temperatures. 

 This paper describes geopolymer concrete's behaviour with TAA when 

subjected to a compression test, water permeability test, acid test, thermal  
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resistance test, saturated water absorption test, thermos shock test, and fire 

resistance test[4]. The recurrence of flaws and deficiencies in government 

facilities, including leaking pipes and ceiling collapsing, as well as a leaking 

roof in the Parliament House, is an inconvenience that cannot be overlooked. 

If this crisis goes unaddressed and unchecked, it will contribute to more 

severe issues in Malaysia's potential building ventures[5]. The simple role of 

a design is to shield its occupants and substance from the elements, in 

especially rain, wind, and temperature limits. The most crucial thing is to 

meet the essential needs that will enable any of these functions to be fulfilled. 

Windows, tubing, air ventilation units, and finishes are also optional 

features[6]. 

Geopolymer-based concrete is environmentally friendly and could be 

considered part of a long-term sustainability strategy. Despite the fact that 

aggregate makes up the majority of the volume in geopolymer concrete, only 

a few studies on this parameter have been published. 

The cycle for checking out Ordinary Portland Cement (OPC) concrete 

became accompanied. The aftereffects of the tests show that fly debris based 

totally geopolymer concrete has a lower creep rate than OPC concrete. The 

effects for express jerk of fly debris primarily based geopolymer concrete 

following one year of stacking on this examination range from 15 to 29 

microstrain for concrete compressive power 67–forty MPa. The drag 

coefficient of fly particles based totally geopolymer concrete is ready a big 

part of that ordinary making use of Gilbert's Method for OPC concrete, as 

consistent with the testing outcomes [7]. 

 

2. Literature Survey 
 
The most commonly used pozzolanic substance on the planet is fly ash. 

Both coarse and fine aggregates for concrete are becoming scarce, and many 

cities and towns across the world, including India, have prohibited sand and 

stone quarrying. In the future, this topic will get even more serious. In 

addition to being lightweight, these aggregates are not affected by the alkali-

aggregate reaction[8].  

The primary purpose of a structure is towards protect its inhabitants and 

contents from the elements, especially rain, wind, and temperature limits. 

The most crucial thing is to meet the essential needs that will enable any of 

these functions to be fulfilled. Windows, pipes, air ventilation systems, and 

finishes are also optional features. To live, a structure must be structurally 

sound, and the floors must be able to withstand any standard applied loads. 

Buildings by the sea or rivers are more likely to have common structural 

flaws. Since groundwater induces dampness infiltration and structural 

weakness, this is the case. Furthermore, soluble salt from the sea, together 

with the influence of a toxic environment, will affect the exterior surfaces of 

buildings. 

Fly particles has a specific gravity of 2.1 to 3.0, and its precise surface 

place (as managed by way of the Blaine air porousness approach) will trade 

from a hundred and seventy to 1000 m2/kg. In view of the degree of 

unburned carbon inside the debris, the coloration of fly particles may fit from 

dim to impede. The lower the carbon content, the brighter the colour. 

Concrete's compressive intensity rises as the cement grade rises. The strength  
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of concrete decreases as the amount of fly ash in both grades of OPC rises. 

This is to be anticipated, as secondary hydration due to pozzolanic activity in 

fly ash concrete is slower at first. Early in life, the loss is greater than later in 

life. The rate of concrete strength gain with age is almost identical in all three 

OPC classes[9]. 

As in step with the discoveries of the statistics examination for 

constructing imperfections and disappointments, it become observed that 

helpless development cloth best is perhaps the maximum well-known reasons 

for constructing deformities and disappointments inside the northern district, 

specifically within the Penang territory. 

Throughout the most latest couple of a few years, geopolymer concrete 

(GPC) has been focused as a suitable choice in comparison to viable shape 

substances which can decrease CO2 discharges because of the usage of 

mechanical consequences. GPC has lately been demonstrated to be ideal for 

development makes use of, with a useful stoop and energy equal to 

conventional Portland concrete cement. The combo sythesis, mechanical 

residences, versatility, and microstructure of GPC have all been tended to in 

this research paper to determine and document the modern day data and data 

on geopolymer concrete. Likewise, the microstructure of GPC and OPC 

concrete has been tested to additional grip them. 

There is a growing market for innovative products with low CO2 

emissions that can be used for a variety of applications. Thus, geopolymer 

concrete may theoretically be used as a substitute for OPC; however, this 

would only happen if both a reliable raw material supply chain and a 

commodity supply network are in operation. The new hobby in such manner 

is promising, however it'll take attempt for GPC to show into an everywhere 

in the global appealing item. 

The electricity and sturdiness homes of GPC were inspected, and it very 

well may be visible that, instead of OPC concrete, GPC performs 

wonderfully regarding substance and imperviousness to fireplace. However, 

further research into GPC's behaviour at high temperatures and degradation 

due to environmental factors is required. 

The factor of this examination was to perceive how simple and combined 

concretes carried out subsequent to being presented to magnesium sulfate 

preparations with transferring sulfate fixations for so long as two years. Type 

I, Type V, Type I further to silica smoke, and Type I similarly to fly particles 

concretes had been provided to 5 magnesium sulfate arrangements with 

sulfate groupings of one%, 1.5 percent, 2.0 percent, 2.Five percentage, and 

four.Zero percent, in my view. Visual exam and compressive energy lower 

have been applied to survey sulfate resistance[10]. Type I concrete showed 

the most disintegration because of sulfate assault. The yield of Type V, Type 

I further to silica smoke, and Type I similarly to fly particles concretes failed 

to comparison altogether. The expanded sulfate opposition of Type I 

concretes mixed with silica smoke or fly particles proposes that these 

concretes may be applied in each sulfate and sulfate further to chloride 

situations. In the 12 months 2006, Elsevier Ltd. Is the distributer [11]. 

The Type I concrete confirmed critical decay, whilst the Type V and silica 

smolder concrete mortar examples showed simply minor weakening. 

Crumbling become extra major in Type I concrete mortar examples, 

confirmed as breaking down and side breaking.  

The stage of decay within the fly particles, silica smoke, and Type V 

concrete mortar examples changed into almost indistinguishable, in particular  
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following  years of openness and sulfate fixations greater prominent than 2%. 

In Type I concrete mortar examples, greatest electricity lower become seen 

because of sulfate attack[12].  

The decrease in energy in the silica smoke and fly debris concrete mortar 

examples turned into near that discovered in Type V concretes. 

 The sulfate content inside the openness association extended the 

electricity decrease in Type V and Type I concrete combined with either 

silica smoke or fly debris. Since the exhibition of Type I concrete combined 

with either silica smoke or fly particles became practically equal to Type V 

concrete concerning sulfate competition, it's miles recommended that Type I 

concrete be blended with as it should be portrayed fly debris or silica 

fume[13]. The utilization of such concretes could increase the lifestyles span 

of cement by lessening sulfate assault and building up erosion. 

 

 

3 Methodology Framed 
 
Concrete manufactured with geopolymer technology is environmentally 

sustainable and may be used to promote long-term production. Despite the 

fact that aggregate accounts for the majority of the volume in geopolymer 

concrete, only a few studies on this parameter have been published. This 

article summarises a research that was undertaken to further observe the 

implications of aggregate material on the engineering properties of 

geopolymer concrete. The impact of different limitations on the designing 

residences of geopolymer concrete, like compressive strength, relieving time, 

sodium silicate to sodium hydroxide share, soluble base to fly particles share, 

and sodium hydroxide molarity, is moreover pointed out in this text. In view 

of the aftereffects of the research, it is possible to set off that a geopolymer 

concrete with legitimate proportioning of all out overall substance and 

proportion of excellent general to feature as much as overall, just because the 

dependent on photo of various factors, could have preferable designing 

attributes over normal solid mixture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1:GPC with TAA and BLUE METAL 

GPC with TAA GPC with blue metal 

Saturated absorption test, Thermal resistance test, Acid test, Water permeability 

test,Thermo shock test, Fire resistance test, Compression test. 

 

Comparison with the 

obtained results 
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3.1 Mix Proportion 
 
 With 75% of the combined aggregate, 65% of coarse aggregate, liquid to 

fly ash as 0.5, and sodium silicate to sodium hydroxide as 2.5, the trail mix 

proportion for conventional geopolymer concrete was obtained. This mix 

was altered with 40% of GGBS to have good strength and setting [14]. One 

mix with blue metal is considered as M1, and the other with TAA is said as 

M2 are obtained in fig 1 and table 1. 

 

Table 1: Quantity of materials for GPC(kg/m
3
) 

 

Mix 

no. 

Fly  

ash 

(kg/m
3
) 

GGBS 

(kg/m
3
) 

 

NaOH 

 

Na2SiO3 

Sand 

(kg/m
3
) 

Coarse 

aggregate(kg/m
3
) 

Super 

plast 

(%) 

Water 

 

Blue metal TAA 

M1 240 160 

60 140 

850 1050 - 4 10 

M2 240 160 
60 140 

850 - 1050 4 8 

 

 
3.2 Compression Test 
 
 150 mm x 150 mm x 150mm blocks are projected for the confirmed up 

blends. They are stored at room temperature(28oc) until the hard duration 

next to demoulding. The check become directed making use of a 2000 KN 

stress trying out machine. 

 

3.3 Water Permeability Test 
 Kept 2 N/mm

2
 as a constant pressure in the water permeability apparatus. 

The mixed specimens are placed inside the permeability vessels for 48 

hours—the depth of penetration in 'mm' as noted down and compared[15]. 

 

3.4 Saturated Water Absorption Test 
 
 A5TMC-6420-81 soaked water assimilation check become directed on a 

a hundred and fifty mm x 150 mm x a hundred and fifty mm size three-D 

square instance.  

Percentage of water absorption(%)=
     

  
     

Where,  = Weight of specimen after drying at an oven temperature of 100
o
c  

   = Weight of specimen at saturated condition (Saturated Weight) 
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3.5 Acid Attack Test 
 

Cube specimens prepared of size 150 mm x 150 mm x 150 mm were 

allowed to dip in hydrochloric acid of pH value 2. After demoulding, the 

GPC specimens are weighed and allowed to dip in the acid solution 

contained vessel[16].  

After 28 days, these specimens are taken out are allowed to dry for an 

hour. After that, they are weighed and tested under compression. Three 

specimens with blue metal and three specimens with TAA are allowed to 

conduct this test[17]. 

 

3.6 Thermal Resistance Test 
 
 Heat resistance to concrete is the most important thing. Here the cube 

samples (150 mm x 150 mm x 150 mm size) of each mix are allowed over 24 

hours at 200
o
c. For each mix, the specimens are kept like said. After 24 

hours, the specimens are taken and tested immediately under compression.  

 

3.7 Thermo Shock Test 
 
 Like the thermal resistance test, after taking out of the oven, the 

specimens will be allowed to dip in the water. Suddenly after this, the 

specimens will be tested by giving compression load [18]. 

 

3.8 Fire Resistance Test 
 
 The cube specimens of each mix of size 150 mm x 150 mm x 150 mm 

are allowed in the fire for 2 hours with high temperature (varies from 100
o
c 

to 300
o
c). Then after taken out from the fire, it is weighed and tested under 

compression load. 

 

4 Results and Discussion 
 

 Changing the natural coarse aggregate as coarse aggregate with Thermal 

ash aggregate in geopolymer concrete. It performs well in compression tests, 

water permeability tests, acid tests, thermal resistance, saturated water 

absorption test, thermos shock test, and fire resistance test [19].  

The tests mentioned above are done clearly, and the results are noted 

down. To indicate the results observed easily, graphs are plotted for each test 

result. The results are also compared to know the variation level. 
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4.1 Water Permeability Test 
 

Table 2: Water permeability test results 

MixNo Depth of penetration(mm) Average(%) 

 

M1 

1 2.2 

 

2.1 
2 2 

3 2.1 

 

M2 

1 1.3 

 

1.36 

2 1.5 

3 1.3 

 

 

 
Fig 2: Depth of penetration  

 

 About 54% of permeability was decreased in geopolymer concrete with 

thermal ash aggregate compared to the geopolymer concrete with granite 

stone as coarse aggregate in table 2  and fig 2. It indicates that the water 

permeability in TAA-based GPC has good water penetration resistance. It 

indicates that the compaction is good, and there are only limited pores [20].  

 

 

2.2 

2 
2.1 2.1 

1.3 

1.5 

1.3 1.36 

1 2 3 AVG 1 2 3 AVG 

M1 M2 

Depth of water penetration (mm) 

Depth of penetration (mm)
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4.2 Saturated Water Absorption Test 

 

Table 3: Results of saturated water absorption after 28 days 

MixNo 
Initial weight 

W1(kg) 

Final weight 

W2(kg) 

Saturated 

water 

absorption (%) 

Average(%) 

 

M1 

1 8.19 8.26 0.85 

 

1.05 
2 8.20 8.30 1.2 

3 8.10 8.19 1.1 

 

M2 

1 7.50 7.55 0.66 

 

0.48 
2 7.55 7.58 0.39 

3 7.53 7.56 0.39 

 

 
Fig 3: Saturated water absorption 

  

The result shows that wringing TAA arrested about 118% of water 

absorption as coarse aggregate in geopolymer concrete in table 3 and fig 3. It 

shows that the pores in geopolymer concrete can be reduced by using TAA 

as coarse aggregate. 

 

 

0.85 

1.2 
1.1 

1.05 

0.66 

0.39 0.39 
0.48 

1 2 3 AVG 1 2 3 AVG 

M1 M2 

Saturated water absorption (%) 

Saturated water absorption (%)
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4.3 Acid Attack Test 
 

Table 4: Acid attack test results 

MixNo 
Initial Weight 

(kg) 

Weight after 

taken from an 

acid (kg) 

Weight 

reduction (%) 

Average 

weight 

reduction(%) 

 

M1 

1 8.20 7.8 5.10 

 

4.24 
2 8.20 8.30 1.2 

3 8.10 8.19 1.1 

 

M2 

1 7.50 7.40 1.3 

 

1.3 

2 7.55 7.50 0.6 

3 7.50 7.35 2.0 

 

 

 
Fig 4: Acid attack test results 

 The percentage weight reduction after taken out from HCL acid solution 

for GPC with TAA is 226% lesser than that of GPC with conventional coarse 

aggregate in table 4 and fig 4. 

 

5.1 

4.48 

3.16 

4.24 

1.3 

0.6 

2 

1.3 

1 2 3 AVG 1 2 3 AVG 

M1 M2 

Weight reduction at acid test(%) 

Weight reduction(%)
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4.4 Thermal Resistance Test 
 

Table 5: Thermal resistance test 

MixNo Initial Weight 

(kg) 

Weight after 

taken from the 

oven (kg) 

Weight 

reduction (%) 

Average weight 

reduction(%) 

 

M1 

1 8.15 8.10 0.61  

0.61 

2 8.20 8.15 0.61 

3 8.10 8.05 0.61 

 

M2 

1 7.60 7.60 0  

0.26 

2 7.50 7.50 0 

3 7.55 7.53 0.26 

 

 

 
Fig 5: Thermal resistance test results 

 

 About 134% of Weight was increased for the geopolymer specimens 

made of TAA compared to GPC with a conventional coarse aggregate in 

table 5 and fig 5. 

 

 

0.61 0.61 0.61 0.61 

0 0 0 

0.26 

1 2 3 AVG 1 2 3 AVG 

M1 M2 

Weight reduction towards thermal 
(%) 

Weight reduction(%)
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4.5 Thermo Shock Test 
 

Table 6: Thermo shock test 

MixNo Initial Weight 

(kg) 

Weight after 

taken from the 

oven (kg) 

Weight 

reduction (%) 

Average 

weight 

reduction(%) 

 

M1 

1 8.10 7.90 2.53  

2.09 2 8.20 8.00 2.5 

3 8.15 8.05 1.24 

 

M2 

1 7.60 7.55 0.66  

0.66 2 7.50 7.45 0.67 

3 7.55 7.50 0.66 

 

 

 
Fig 6:  Thermo shock test results 

 

About 216% of Weight was increased for the geopolymer specimens 

made of TAA compared to GPC with a conventional coarse aggregate in 

table 6 and fig 6. 

 

4.6 Fire Resistance Test 
 

Table 7: Fire resistance test 

MixNo Initial Weight 

(kg) 

Weight after 

taken from the 

oven (kg) 

Weight 

reduction (%) 

Average 

weight 

reduction(%) 

 

M1 

1 8.20 7.95 3.14  

2.29 2 8.20 8.00 2.5 

3 8.10 8.00 1.25 

 

M2 

1 7.50 7.50 0  

0.44 2 7.55 7.45 1.34 

3 7.50 7.50 0 

 
 

2.53 2.5 

1.24 

2.09 

0.66 0.67 0.66 0.66 

1 2 3 AVG 1 2 3 AVG 

M1 M2 

Weight reduction at thermo 
shock(%) 

Weight reduction(%)
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Fig 7:  Fire resistance test results 

 

About 420% of Weight was increased for the geopolymer specimens 

made of TAA compared to GPC with a conventional coarse aggregate in 

table 7 and fig 7. 

 

4.7 Compression test results 
 

Table 8: Compression strength for 28 days(N/mm
2
) 

Mix no Control 

specimens 

Acid test Thermal 

resistance 

Thermo 

shock 

Fire 

resistance 

M1 36 32.50 35 34.50 33.40 

M2 41.70 39.50 41 39.50 40.30 

 

 
 

 

Fig 8: Compressive strength comparison for various durability studies 

3.14 

2.5 

1.25 

2.29 

0 

1.34 

0 0.44 

1 2 3 AVG 1 2 3 AVG 

M1 M2 

Weight reduction at fire(%) 

Weight reduction(%)

36 
32.5 35 34.5 33.4 

41.7 39.5 41 39.5 40.3 

CONTROL 
SPECIMENS 

ACID TEST THERMAL 
RESISTANCE  

THERMO SHOCK FIRE 
RESISTANCE 

COMPRESSIVE STRENGTH (N/MM2) 

Compressive strength(N/mm2) 

M1 M2
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 In the control mix, the compressive strength of Mix(M2) is 15.8% higher 

than mix(M1). It shows, the strength of TAA contained GPC is higher than 

GPC that contains granite stone as coarse aggregate. About 10.7% reduction 

in acid test, 2.8% reduction in thermal resistance test, 4.3 % reduction in 

thermo shock in table 8 and fig 8, and 7.78% reduction in fire resistance test 

was found while comparing the compression test of respective tests with 

control mix (M1). About 5.5% reduction in the acid test, a 1.7% reduction in 

the thermal resistance test, a 5.56 % reduction in thermo shock, and a 3.4% 

reduction in the fire resistance test were found while comparing the tests' 

compression test with the control mix (M2). 

 

5 Conclusion 
 
1. The depth of water penetration in GPC got increased by 54% by using 

TAA as coarse aggregate. 

2. Water absorption in GPC got arrested about 118% by TAA usage. 

3. In the acid attack test, the weight loss was controlled up to 226% with 

TAA usage. 

4. About 134% of Weight in thermal resistance test, 216% of Weight in 

thermoshock test, and 420% of Weight in fire resistance test were higher in 

GPC with TAA, when compared with GPC with TAA when compared to 

GPC with conventional natural aggregate. 

5. A compression test was conducted for the specimens after testing water 

permeability, heat, and thermal resistance. It shows that GPC with TAA 

performs well in all durability tests when compared to conventional hard 

stone as coarse aggregate. 
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