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Abstract 
 

The present study is to investigate the basic fresh and hardened concrete 

properties of flyash based geopolymer concrete admixed with polypropylene 

fiber and compare to the coventioal geopolymer concrete (without fiber). The 

fly ash based geopolymer is tested in two phases, one in fresh concrete phase 

where flow properties are determined after which hardened concrete is tested 

for its compressive strength. Also, the objective effectively extends to study 

the strength gain pattern in ambient curing condition. The strength is 

measured between 3 days to 28 days. The observed results are then converted 

into a data set, and an Artificial Neural Network Model is created out of the 

collected results using Levenberg-Marquardt algorithm. The model is 

trained, validated and tested. Then the predicted value is compared with the 

actual value. This study proves that polypropylene fiber has enhancing effect 

on strength properties. Also, ANN model can be effectively created and used 

with the available data set. 
  

Keywords: Geopolymer, Polypropylene fiber, ANN, Prediction, Ambient 

curing, Fiber reinforced geopolymer, Levenberg-Marquardt algorithm. 
 

1 Introduction 
 

Concrete is the widely used building material in construction industry. 

Due to its wide usage the basic ingredient of concete, cement had caused a  
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negative decades to find a complete alternative to cement. One such 

alternative is geopolymer, which uses the industrial byproducts along with 

alkaline liquid to form as binder. The development of inorganic alumina-

silicate polymer, also known as Geopolymer, has proved to be very efficient 

in making environmentally friendly concrete especially because it is 

synthesized from by-product materials such as fly ash that is rich in silicon 

and aluminum [1]. The properties of concrete are affected in the fresh as well 

as in the hardened state when the water content in the geopolymer concrete 

mix is in high percentile [2]. According to 2001 data, Fly ash produced in the 

U.S was around 68 million tons, but from this figure, only 32% was used in 

various civil engineering applications [3]. Even though fly ash is abundantly 

available, as mentioned above its usage is very limited, also, Characteristics 

of the geopolymer concrete includes stiff consistency as well as high 

viscosity [4,5]. Geopolymer is similar to zeolite in terms of chemical 

composition and geopolymer does not give rise to any harmful alkali-

aggregate reaction even in the presence of high alkalinity [6,7]. It is 

amorphous in micro-structure, in terms of cost, CO2 emission as well as 

energy usage, the production of fly ash-based geopolymer is very efficient. 

Hence it can be taken as a great alternative to OPC [8,9]. Changes in Si/Al 

ratios in alkali solutions can result in the formation of different gels that 

influence the final structure of the geopolymer and also controls the ionic 

transport [10-12].  

Thus, there is a need for analyzing the experimental data and framing it 

into a model using artificial neural network, so that any experiments 

conducted can be used as a prediction model. Earlier works show that the 

prediction of fiber admixed concrete can be created using Levenberg-

Marquardt algorithm and this can effectively used as a prediction model [13]. 

In this study fly ash based geopolymer concrete is manufactured with 

and without addition of polypropylene fiber. The concrete is cured in 

ambient condition and tested for its compressive strength and the results are 

reported and formed into a data set model to fascilitate ANN prediction. 

 

2 Materials, Casting, Experiment and Methodoogy 
 

This section discusses on the materials used, casting procedures and 

experimental procedures. Also, this section briefly explains about the method 

of modelling the Artificial Neural Network. 

 

2.1 Materials and Casting Procedure 
 

The class F fly ash is used for the powder matrix, with river sand of 

specific gravity 2.65 as fine aggregate and broken blue metal of specific 

gravity 2.74 as coarse aggregate. The alkali liquid is manufactured by 

commercially available sodium silicate liquid and sodium hydroxide of 10 

molar concentration. The silicate to hydroxide ratio is maintained as 2 for all 
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mix id. The liquid / power ratio is maintained as 0.5, with highend 

polycarboxylic ether based super plasticizer. The powder with aggregates is 

mixed in dry state for five minutes after which the alkaline solution along 

with superplasticizer is slowly poured in. The mix is carried in pan mixture. 

The Mix proportion is maintained as 1:1.8:3.6:0.5. The Commercially 

available polypropylene fiber is used as the additives from 0% to 1%. The 

Mix is casted into 150mm cubes and allowed to dry for 24 hrs to 48 hrs. 

Then the cubes are demoulded and kept in ambient temperatiure for a period 

of 3days, 7days, 14day and 28 days. 

 

2.2 Experimental Instigation 
 

The fresh concrete is tested for its slum flow through the slump cone 

available in laboratory condition. The geopolymer concrete cubes are tested 

for its strength on various ages in compression testing machine of capacity 

2000kN, at a constant loading rate in laboratory condition. 

 

2.3 Artificial Neural Network 
 

The modelling for artificial neural network is done in MATLAB using 

neural net fiting application. The back probagation method is adopted with 

the Levenberg-Marquardt algorithm. For the hidden layers 10 neurons were 

used in this model. The Inputs are considered as X1, X2, X3, X4, X5, X6, X7 

and X8 and the target is considered as Y. The details of input and target are 

given in Table 1. In this model 24 data set is used with matrix of 8 x 24 and 1 

x 24 for input and target respectively. Out of collected data 70% is used for 

training and 15% each is used for validation and testing. 

 
Table 1 Input and Target for the ANN model 

S.No Description Variable 

1 Fly ash Content (kg /cumec) X1 

2 Fine Aggregate (kg /cumec) X2 

3 Coarse Aggregate (kg /cumec) X3 

4 Alkali Liquid (kg /cumec) X4 

5 Liquid / Powder Ratio X5 

6 Percentage of polypropylene fiber (%) X6 

7 Flow Value  (mm) X7 

8 Ambient Curing Period (Days) X8 

9 Compressive strength (MPa) Y 

 

3 Results and Discussions 
 

The results of this research work are presented in two phases, the first is  

the experimental values of compressive strength of geopolymer concrete with 
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and without polypropylene fiber and the second is the observation and 

discussion on ANN prediction model. 

 

3.1 Experimental Results 
 

The values of experimental investigation on the geopolymer concrete 

with and without polypropylene fiber is presented in Table 2. The results of 

Flow property show that the flow decreases with increase in fiber addition, 

due to the higher volume occupation. The maximum flow is observed in 

control specimen. The maximum flow has a value of 425mm in FBGP 

specimen and the minimum value is 366 mm in FBGP-1. The reduction in 

flow is due to the distribution and orientation of polypropylene Fiber and 

resistance created by its distribution and inter particle bonding. From Table 2 

and Figure 1 the compressive strength of geopolymer concrete on various 

ages were observed and presented. The results show that the attainment of 

strength in ambient curing is linear until 14 days and after which the strength 

normalizes. The increase in fiber percentage does not have influence on 

compressive strength on early ages. On 7 days it is observed that the 

specimens wih 0.8% and 1% of polypropylene fiber has 30MPa MPa each 

which is less than all other specimens. But on 14 days and 28 days these 

0.8% and 1% fiber added specimens’ posse’s maximum strength. On 14 days 

FBGP-1 has almost 56% higher strength than the control specimen and on 28 

days FBGP-1 has 50% higher strength than the control specimen. This 

strength gain shows that in ambient curing condition of geopolymer concrete, 

the fiber increases the compressive strength and the strength gets normalized 

after 14 days. 

 

 
Figue 1 Compressive Strength of Geopolymer Concrete on Ambient Curing 
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Table 2 Experimental Test Results on Geopolymer Concrete 

 

S.

N

o 

Mix ID 

% addition 

of 

Polypropyle

ne Fiber 

Slump 

flow 

Value 

in mm 

Compressive Strength in MPa 

3 

Days 

7 

Days 

14 

Days 

28 

Days 

1 FBGP 0 425 6 21 27 29 

2 FBGP-0.2 0.2 412 10 26 32 30 

3 FBGP-0.4 0.4 396 12 32 35 30 

4 FBGP-0.6 0.6 383 13 33 36 31 

5 FBGP-0.8 0.8 379 14 30 40 40 

6 FBGP-1 1 366 14 30 42 43 

 

3.2 Artificial Neural Network Prediction Model 
 

The prediction is carried out in Artificial Neural Network (ANN) through 

Levenberg-Marquardt algorithm, the prediction is carried by using eight 

inputs and one target. The target is compressive strength of geopolymer 

concrete under ambient curing. The total results were distributed based on 

the ages (3days, 7 days, 14 days and 28 days) of curing hence the model had 

24 number of rows distributed while modelling.  

 

 
Figure 2 Actual vs Predicted Plot 
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Figure 3 Performance of ANN Model 

 
Figure 4 Performance of Regression Set 
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The Figure 2 Show the correlation between the actual strength with the 

predicted model and Figure 3 and Figure 4 shows the performance of the 

ANN model. The R
2
 of the correlation is 0.97 which shows the best fit. The 

model with 10 neurons worked well and the prediction model is more 

accurate. The Performance shows that the best value in prediction is at 8 

epochs. After 3 epochs the mean square value drop linearly giving more 

precise result. From the training regression the R
2
 of the training set, 

Validation, test is 0.99, 0.77, and 0.99 respectively. There is a huge error 

occurence in validation set due to lesser number of data set allotted and this 

may be over come in future when the data set increases in the same model. 

Also, the plots show that there is a slip in the fit at higher strength or higher 

ages, which show that the days of curing and percentage of polypropylene 

fibers has influence over this model. Through this study and validation, it is 

observed that all the inputs and target are effective in creating an ANN based 

prediction model. 

 
4 Conclusions 
 

This study on polypropylene fiber added geopolymer concrete had given 

results which can be concluded through the following points. 

1. The addition of polypropylene fibers influences the fresh concrete 

properties of the concrete by directly reducing the slump flow value. 

2. The polypropylene fiber in geopolymer is found to be effective in 

enhancing the compressive strength during the ages of 14 days and 28 

days. 

3. The polypropylene fiber of 1% has the highest value of compressive 

strength in this study, hence further addition above 1% may also be 

possible for future study.  

4. The ANN model created with 8 input and 1 target and modelled through 

10 hidden neurons is having an effective correlation in compressive 

strength prediction, with high fit values. 

5. Through this study it is concluded that the compressive strength 

attainment and its respective ANN model of fly ash based geopolymer 

concrete with and without polypropylene fiber is good for study and is 

proposed that this same model can be extended for studying the tension 

and flexural performance. 
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