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LỜI NÓI ĐẦU 

Nối tiếp thành công của Hội nghị khoa học VietGeo các năm trước, Hội nghị khoa học 
toàn quốc VietGeo 2023 “Địa chất công trình - Địa kỹ thuật và Môi trường phục vụ phát triển 
bền vững” ư c t  c c tại rường Đại ọc o  ọc - Đại học Huế (lần th  2) trong các ngày 
28 và  t áng  năm  ội ng ị do rường Đại học Khoa học - Đại học Huế và Hội Địa 
chất công trìn  và Môi trường Việt N m ồng chủ trì, các ơn vị phối h p t  ch c là Hội Địa 
chất thủy văn Việt Nam, Hội Công nghệ Khoan - Khai thác Việt N m, rường Đại học Mỏ - Địa 
chất, rường Đại học Bách khoa - Đại  học Quốc gia Thành phố Hồ Chí Minh, rường Đại học 
Giao thông Vận tải. 

Ban T  ch c Hội nghị ã n ận ư c 125 bài báo của các nhà khoa học trong cả nước gửi 
ến tham gia Hội nghị. Theo kết quả án  giá của các phản biện, Ban Khoa học ã xem xét, lựa 

chọn 93 bài báo có chất lư ng tốt ể ăng trong Kỷ yếu Hội nghị do Nhà Xuất bản Khoa học và 
Kỹ thuật xuất bản. Các bài báo khoa học trình bày những kết quả nghiên c u mới theo các chủ 

ề của Hội nghị, bao gồm: 
- Địa chất công trìn  - Đị  ỹ t uật và Địa chất thủy văn; 
- Kỹ thuật xây dựng và vật liệu mới; 
- Tai biến ịa chất và công nghệ quan trắc - cảnh báo sớm; 
- Tài nguyên - Môi trường và chuyển i số; 
- Công nghệ khoan - khai thác. 

Hội nghị khoa học toàn quốc VietGeo 2023 lần này không chỉ là diễn àn ể các nhà khoa 
học chia sẻ, thảo luận những kết quả nghiên c u mới về các chủ ề nêu trên mà còn là dịp ể 
các t  ch c, cá nhân gặp gỡ, tr o i, ký kết h p tác nhằm nâng cao hiệu quả hoạt ộng khoa 
học và công nghệ trong các l n  vực c uy n môn  

Trong quá trình chuẩn bị t  ch c Hội nghị, Ban T  ch c ã n ận ư c sự hỗ tr  cả về tinh 
thần và vật chất củ : rường Đại học Khoa học - Đại học Huế, Hội Địa chất công trình và Môi 
trường Việt Nam, Hội Địa chất thủy văn Việt Nam, Hội Công nghệ Khoan - Khai thác Việt N m, 

rường Đại ọc Mỏ - Đị  c ất, rường Đại học Bách khoa - Đại học Quốc gia Thành phố Hồ Chí 
Minh, rường Đại học Giao thông Vận tải, Công ty TNHH XNK Phú Thành Phát, Công ty TNHH 
Nam Miền Trung, Trung tâm Nghiên c u Địa kỹ thuật, Công ty C  phần Khoa học Công nghệ ác  

o  àn  p ố ồ Chí Minh, Công ty TNHH Premium Silica Huế, Công ty C  phần tư vấn ịa chất 
C  Đà Nẵng, Công ty CP Đầu tư p át triển GMC ... Ban T  ch c Hội nghị xin gửi tới các t  ch c, 
cá nhân lời cảm ơn c ân t àn  về sự ủng hộ, giúp ỡ quý báu ó  n  ch c Hội nghị cũng xin 
chân thành cảm ơn các n à o  ọc ã viết bài tham gia Hội nghị, cảm ơn các tìn  nguyện viên và 
ặc biệt cảm ơn các t àn  vi n n o  ọc, n ư ý, n ững người ã làm việc rất nhiệt tình 

với trách nhiệm c o, ảm bảo cho sự thành công của Hội nghị. 

Ban Tổ chức Hội nghị VietGeo 2023 xin chân thành cảm ơn Nhà xuất bản Khoa học và Kỹ 
thuật đã giúp đỡ xuất bản cuốn Kỷ yếu Hội nghị. Do thời gian tuyển chọn, biên tập và in ấn hạn chế 
nên cuốn Kỷ yếu chắc chắn không tránh khỏi thiếu sót, chúng tôi mong được bạn đọc lượng thứ. 

                                                               
BAN TỔ CHỨC HỘI NGHỊ  
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LỜI CẢM ƠN CỦA HIỆU TRƯỞNG 
TRƯỜNG ĐẠI HỌC KHOA HỌC - ĐẠI HỌC HUẾ 

 
N ằm tăng cường tr o i in  ng iệm và các ết quả ng i n c u o  ọc với 

n ững n à o  ọc tr n toàn quốc, rường Đại ọc o  ọc - Đại ọc uế p ối p 
với ội Đị  c ất công trìn  và Môi trường Việt N m ồng t  c c ội ng ị o  ọc 
toàn quốc “Đị  c ất công trìn  - Đị  ỹ t uật và Môi trường p ục vụ p át triển bền vững 
- VietGeo 2023” vào ngày 28 và / /  tại rường Đại ọc o  ọc - Đại ọc uế  

r n cương vị iệu trưởng củ  rường Đại ọc o  ọc, t y mặt n Giám 
iệu N à trường, c úng tôi o n ng n  và cảm ơn các ơn vị ồng t  c c ội ng ị, 
ội ngũ các n à ng i n c u, n à o  ọc, các n à lãn  ạo và các c uy n gi , n ững 

người sẽ t m gi  và tạo n n sự t àn  công c o ội ng ị này  Với n ững óng góp quý 
báu củ  quý vị, tôi ỳ vọng và tin rằng ội ng ị K o  ọc lần này sẽ iện t ực ó  các 
mục ti u mà n  c c ã ề r  

ôi cũng trân trọng gửi lời cảm ơn ến các t àn  vi n n  c c ội ng ị, các 
cơ qu n ữu qu n, các n à o  ọc ã làm việc rất n iệt tìn  và tâm uyết ể t  c c 

ội ng ị t àn  công trọn vẹn. 

Xin trân trọng cảm ơn! 

 HIỆU TRƯỞNG 

 

 

PGS.TS VÕ THANH TÙNG 
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Abstract 
Concrete strength is an important parameter for the design of concrete structures, depending 

on the composition of the materials. To ensure the sustainability of the building, the compressive 
strength of concrete must meet the required standards. The use of the optimal input aggregate 
composition will reduce the cost of input materials and increase the compressive strength for 
concrete, helping the structure to increase its bearing capacity. In this study, the method of 
predicting steel fiber reinforced concrete (SFRC) strength at 28 days of age is used by the 
artificial neural network model (ANN). Based on replacing a part of cement with a fly ash 
additive, Silica fume, in addition to adding some steel fibers to increase the durability of 
concrete. With the experimental method in the room to compare the results of compressive 
strength of concrete and compressive strength of concrete predicted by artificial neural network 
model. The appropriate number of neurons in the hidden layer was determined by feature testing 
of the fit of the weights, and the threshold of the synapse was perfected by testing the features 
during training. 

Keywords: prediction of compressive strength; SFRC; strength of concrete; artificial neural 
network model; ANN. 

1. Introduction 
Concrete has the characteristics of durability, impermeability, fire resistance, wear 

resistance, and high compressive strength. It can be molded into any shape and size. Therefore, it 
is the most used building material in the modern world. Its basic components are water, cement, 
crushed stone (or gravel - coarse aggregate), and sand (fine aggregate). In addition to sustainable 
environmental protection, some additives such as fly ash and blast furnace slag have been widely 
applied. Some may also add other materials such as waste plastic, waste glass, rice husk, etc. 
While ensuring a sustainable environment, saving mineral resources, and improving the quality 
of concrete (Paul S.C., et all., 2018; Batayneh M., et al., 2007; Mansour A.O., et al., 2015). 
Besides, it is possible to add mineral additives and chemical additives to improve the workability 
of concrete or change the curing time and state. The purpose of saving materials and improving 
the quality of concrete. Several mathematical models have been studied to predict concrete 
strength (Kheder G.F., et al., 2003; Verma M., et al., 2016; Zain F.M., and Abd S.M., 2008). 

In recent years, there have been a lot of studies applying ANN in determining the 
compressive strength of concrete (Wu N.J., 2021; Duan, J., et al., 2020; Sobhani J., et al., 2010). 
ANN is like a black box with no theoretical relationship between concrete strength, the 
proportion of material components required to establish an ANN model. The requirement of the 
model is enough data for training and testing. With the powerful capabilities of the ANN model, 
one can enter values representing the proportions of concrete components such as cement, sand, 
crushed stone, water, and other admixtures. The ANN model quickly predicts the compressive 
strength of concrete. The strength of concrete is influenced by many factors (Ji-Zong W., et al., 
1999) if we consider concrete strength prediction as a mapping from 28-day strength influence 
factors then a mapping model can be generated using multiple feed-forward neural network 
classes instead of the regression equation. To design a concrete mix, it is necessary to make 
several test mixes, but considering this method is time-consuming, wastes raw materials, and 
requires highly skilled workers. Furthermore, it may not be possible to achieve an optimal design 
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between finite test mixtures (Naseri H., et al., 2020). Whereas artificial intelligence (AI) is the 
potential to predict such a problem and specifically using artificial neurons. Information is 
provided to the network through input, the hidden layer processes the information by applying 
weights, offsets, and output layers to the calculation results (Hunt B., et al., 2001). Each layer 
will have some processing units called neurons. The inputs are weighted to determine how much 
of an effect it has on the output, the more weighted input signals will affect the neurons at a 
higher level. A function is then activated and applied to the weighted inputs to produce an output 
signal by transforming the input. The input can be a single node or it can be multiple nodes to 
describe different parameters. The hidden layer consists of several node neurons that sum the 
weights of the input data, author (Yeh I.C., 1998) used an automatic knowledge acquisition 
system based on a neural network to design the concrete. Besides, recently in the country, there 
have been several authors studying this issue such as (Phong N.D., et al., 2021a,b; Phong N.D., 
et al., 2022; Tieng T.V., Trong L.I., 2021; Bang L.H., et al., 2021) and initially obtained some 
reliable results. In this study, the authors used an ANN model to predict the compressive strength 
of concrete when changing the composition of concrete. Thereby conducting actual tests to 
compare with predicted results. 

2. Artificial Neural Network 

 
Figure 1. Typical structure of ANN (Ni H.G. and Wang J.Z., 2000). 

 

 
Figure 2. Experimental material. 

The concept of an artificial neural network is the structure of an information processing 
system (Ghafari E., et al., 2015). The neurons of the input layer receive information from the 
external environment and transmit them to the neurons of the hidden layer without having to do 
any calculations (Siddique R., et al., 2011). The layers between the input and output layers are 
called hidden layers and can contain a large number of hidden layer processing units (Gupta S., 
2013). Finally, the neurons of the output layer make predictions of the network to the outside 
world (Bondar D., 2014). Function (Kostić S., and Vasović D., 2014) an ANN is a form of AI 
that attempts to mimic, in a simple way, the human cognitive ability to solve technical problems 
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that have defied technical solutions. common calculation (Flood I., 2008). The typical structure 
of an ANN consists of several processing elements (PEs), or nodes, usually arranged in layers: 
an input layer, an output layer, and one or more hidden layers such as Figure 1. The structure of 
the ANN model network is similar to the statistical model that synthesizes the input neurons of 
the model and gives the corresponding output results (Shahin M.A., et al., 2002). Therefore, this 
study aims to investigate the feasibility of predicting the 28-day compressive strength of concrete 
based on the ANN model. 

3. Design of Distribution Components and Research Methods 
Materials used for research. Materials used in the study (Figure 2): (1) The Adhesion agent 

(AA) consists of Portland cement PC40 “But Son” following TCVN 2682:2009 and ASTM 188; 
Class F fly ash of Vung Ang thermal power plant meets the requirements of TCVN 10302:2014, 
ASTM C618-03; Vina Pacific Silicafume SF-90 complies with TCVN 8827:2011. (2) Large 
aggregate using basalt is selected from Sunway-Hoa Binh quarry following TCVN 7570:2006 
and ASTM C33. (3) Small aggregates using Viet Tri yellow sand were analyzed and found to be 
following TCVN 7570:2006 and ASTM C33. (4) Super-plasticizer SP5000F “SilkRoad” has a 
density of 1.12 g/m3 at a temperature of 25±5 °C. This is a high range, 3rd generation water-
reducing additive with a composition based on Polycarboxylate radicals following TCVN 
8826:2011. (5) Clean water is used to make water for mixing concrete mix and for curing test 
samples, meeting TCVN 4506:2012 and BS EN 1097 standards. 

Design of concrete mix composition. The concrete mix composition is calculated and 
designed according to the absolute volume method according to ACI 211.4R-08 and combined 
with experimental adjustment (Appendix 1). 

 
Figure 3. Controls concrete mixer by Controls. 

 
Figure 4. Controls concrete vibrating by Controls. 

 

      
Figure 5. Advantest 9 Control system by Controls. 
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Conduct experiments. The experiment was carried out at the Construction Laboratory, Hanoi 
University of Mining and Geology. Mixing is done through a mixer Figure 3 and cast in a 
150×150×150 mm cube supported by a concrete vibrator Figure 4 by Controls and maintained 
domestically. 

Compression tests were performed when the concrete was at 28 days old for a strength grade 
of 30 MPa after casting. To evaluate the compressive properties of the cube sample SFRC 
150×150×150 mm, tested to standards (ACI 211.1-91, 1991). The test is performed as shown in 
Figure 5, the load was applied at a rate of 0.5 MPa/s using a Controls Advantest 9 compressor 
unit (https://www.controls-group.com, 2015), a compressor with a capacity of 3000 kN. 

4. Compressive Strength 
The 28-day compressive strength is related to 9 factors. It is the volumetric mass of Water, 

Cement, Sand, Large aggregate, Fly ash, Silica fume, Steel fiber, Super-plasticizer, and ratio 
Water/Adhesion agent (W/AA) mixed in 1.0 m3 concrete. Therefore, the compressive strength of 
concrete can be determined according to a mathematical function of 9 variables: 

y  =  f(x)       (1) 
with 

x  =  [x1 x2 … x9]T       (2) 
where x1 to x9 are the scaling factors just mentioned while y is the compressive strength of 

concrete. For the input and output of the ANN, all data must be normalized to the range 0 to 1. 
The linear transformation is applied. The range from x1 to x9 is listed in Table 1 and the input 
data is normalized to train and test the ANN as Appendix 2. 
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Table 1. Range of input and output data in raw data 
 Input Output 
 x1 x2 x3 x4 x5 x6 x7 x8 x9 y 

Max. 378.0 113.4 18.9 854.5 1017.5 3.02 166.4 15.0 0.5 75.0 
Min. 245.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 

Research ANN neural network model. In this study, a back-propagation neural network is 
used and simulated by Matlab R2020a. The training function used is Levenberg-Marquardt 
backpropagation (TRAINLM) (McCulloch W.S. and Pitts W., 1943). The activation or transfer 
function used in training the computed ANN model specifies Equation 2 as a tangent tansig or 
hyperbolic tangent. The values obtained in this function range from +1 to -1. 

tan tanh





 



x e

x x

e esig
e e .      (5) 

The mean square error (MSE) was used as the criterion to stop the training process. The 
neural network model training was stopped at the lowest possible MSE of the test. An ANN is an 
AI technique that can be applied to tasks with large databases of a problem and learning models. 
They are capable of pattern recognition and machine learning methods. ANN deal with problems 
like the brain, related to the ability to think, learn, remember, reason, and solve. It was first 
developed by (McCulloch W.S. and Pitts W., 1943). Figure 6 shows a diagram of an artificial 
neuron in which a biological neuron has been artificially modeled. Suppose there is n input (x1, 
x2,..., xn) to a neuron j. Connection weight n input number with j neurons are represented by (W)  
=  (W1j, W2j,…, Wnj). The output of the sum junction can sometimes be zero, and to prevent such 
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a situation a fixed value deviation bj is added. Hence the input to pass to the function f is 
identified as 

1
  n

j k kj jk
u l W b . The output of j neuron is y can be obtained by the expression: 

 
1

 
   

 


n

j k kj j
k

y f u f l W b .      (6) 

In ANN the output of a neuron largely depends on its transmission function. Different types 
of transfer functions are in use such as hard limit, linear, log-sigmoid tan-sigmoid, and others. 

Developing predictive models. The ANN-based predictive model for the strength of concrete 
is defined as ANN with Cement, Sand, Large aggregate, Silica fume, Fly ash, water, Super-
plasticizer, Steel fiber, Water, Ratio Water/Adhesion agent as input parameter and compressive 
strength of concrete at 28 days old as an output parameter (Figure 7). To build the ANN model, 
in this study 70% for training, 15% for validation, and 15% for testing. The statistical parameters 
of the maximum, minimum, mean, and standard deviation of the input and output variables are 
shown in Table 2. In this study, the data sample was scaled in the range from 0 to 1. The 
performance of the ANN model is reported as a statistical parameter, namely the linear 
correlation coefficient (CHEAP), mean absolute percentage error (MAPE), and mean square 
error (MSE). The optimal architecture of the ANN model is twelve neurons in a hidden layer 
with a tan-sigmoid transfer function and linear function as the output layer. Algorithm 
Levenberg-Marquardt used to generalize the training data better. 

 
Figure 6. Input and output relationship for predicting compressive strength of  

concrete and structure of ANN model. 

 
Figure 7. Applied ANN model in this study. 

Therefore, of the 96 datasets in this study, 68 datasets collected from randomization are used 
in the training phase to build the ANN model, 14 datasets for validation, and 14 remaining 
datasets. used in testing the network to estimate the performance of the model. The network was 
trained until it understood the relationship between input and output variables. 
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5. Results and Discussion 
After training different models, the final model is selected based on the highest value of R to 

check confirmation. The ANN model was analyzed and tested to check the accuracy model. 
ANN Models. Follow Table 2 model “fc7tansig” has an MSE of 1.74585e-4 smallest of all 

models. It reflects Pearson. Value R to be 0.99849 is closest to 1.0 out of all samples. 
Table 2. MSE of Each Model 

Derived Models 

Models Hidden 
Nodes R MSE Models Hidden 

Nodes R MSE 

fc1tansig 1 0.9328 7.47E-03 fc7tansig 7 0.9985 1.75E-04 
fc2tansig 2 0.9788 2.42E-03 fc8tansig 8 0.998 2.36E-04 
fc3tansig 3 0.9848 1.75E-03 fc9tansig 9 0.9815 3.08E-03 
fc4tansig 4 0.9949 6.62E-04 fc10tansig 10 0.9978 2.50E-04 
fc5tansig 5 0.9968 3.96E-04 fc11tansig 11 0.9978 2.48E-04 
fc6tansig 6 0.9803 2.35E-03 fc12tansig 12 0.9947 6.38E-04 

Performance. In this study, the ANN model is performed with 9 inputs corresponding to 9 
artificial neurons with a hidden layer of 15 neurons. In this study, the training process stopped at 
epoch 41 with the mean square error of 0.00011774. Show that in Figure 8 after the 41st era the 
error in validation increases as it is modeled on the derived model. 

 
Figure 8. Best validation performance in model fc7tansig. 

 
Figure 9. The training state for the model fc7tansig. 
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Figure 9 shows that starting from epoch 0, validation checks were performed after each 
epoch. As it had an increasing MSE for 6 consecutive epochs, the training was terminated, and 
the program chose the epoch where it had the lowest MSE. 

 
Figure 10. Seven neurons in the hidden layer around the zero error. 

 
Figure 11. Model fc7tansig. 

Figure 10 shows the last adopted network implemented to predict the compressive strength 
of concrete, here the error plot for 7 hidden layer neurons shows the least deviation around error 
0. This shows hidden layer 7 neurons are selected. 

Final Model. The final model fc7tansig (Figure 11) has 9 input parameters, a hidden layer 
with 7 hidden nodes, tan-sigmoid is the activation function, and a target parameter of 
compressive strength of concrete at 28 days of age. 

 
Figure 12. Pearson R of Model fc7tansig. 
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Regression. Overall value R for the training data set is larger than the value for the test, that 
is, the neural network makes a better prediction for the training dataset than the test dataset. The 
combination of transfer functions including tan-sigmoid and linear function gives a good result. 
Figure 12 shows the relationship between the output goals and the predicted values obtained 
through the training and testing process. The model shows a very good correlation for both the 
training data (R = 0.99932), personal (R = 0.99918) and test data (R = 0.99443) and the overall 
correlation of R  = 0.99849. 

Simulation Test. The test data used in the simulation is 15% of the total data. According to 
the simulation done in the ANN model, the highest error rate is 2,505% and the lowest is 
0,004%. Overall, it has an accuracy of 99,44%, a very high accuracy in the field of predicting 
compressive strength in concrete. The ANN model has considerable accuracy in predicting the 
strength of concrete. This is very useful in the concrete industry. 

 
Figure 13. The relationship between the tested and predicted compressive strength at 28 days. 

 
Figure 14. Comparison between measured and predicted compressive strength of concrete at 28 days. 

Parametric Study. The results of the ANN artificial neural network test after training and 
validation show that the 28th day predicted compressive strength of concrete is very close to the 
strength measured in the laboratory. This is an indication that the network has learned the 
relationship between input and output values during training. The comparison between measured 
and predicted compressive strength at day 28 is shown in Figure 13 and Figure 14. 

Figure 15 shows that the regression graph of the predicted concrete compressive strength (Y) 
compared with the experimental compressive strength (T) of the test data of the ANN model best 
fits R2  =  0.9972, showing a good fit. with equal lines (defined as the locus of all points at Y 
equal to T). From Figure 15 it can be observed that almost all data points are within the 99% 
confidence interval. 



 .  401  

 

 
Figure 15. Regression plot of predicted vs experimental compressive strength of ANN model. 

6. Conclusions 
The study of algorithms to predict concrete strength is of high importance. Since the service 

life of construction works, in general, depends on the compressive strength of concrete, it is 
necessary to carefully study the factors affecting concrete. There may be some features that can 
be ignored, and they can affect the compressive strength of the concrete. Artificial intelligence 
algorithms in general and ANN artificial neural networks in particular, now and in the future, 
will overcome these limitations. From the study, the following conclusions and comments are 
drawn: In the study, it was shown that the ANN artificial neural network model is quite effective 
in predicting the compressive strength of concrete at 28 days of age. The measured compressive 
strength and the predicted compressive strength are very close to a correlation of 0.99849;  
A simple feed-forward backpropagation technique has been used to model problems involving 
nonlinear variables; By using the ANN model, the processing time and the number of test mixes 
can be reduced for the design of steel fiber reinforced concrete, thus an economical design 
process can be applied without any material loss. The ANN model proposed in this study has 
high applicability and reliability in assessing the influence of steel fibers on the compressive 
strength of reinforced concrete. 
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Symbols 

SFRC: steel fiber reinforced concrete AA: Adhesion agent 
ANN: artificial neural network PC40: Cement pozzolan 
AI: artificial intelligence TCVN: Vietnam standards 
PEs: processing elements ASTM: American standard 
SP5000F: Super-plasticizer 5000F SF-90: Silicafume-90 
ACI: American standard BS EN: British standards 
NS: Nano Silica fume C: Cement 
LA: Large aggregate FA: Fly ash 
W/AA: Ratio Water/Adhesion agent S: Sand 
ID: Sample SP: Super-plasticizer 
CHEAP: linear correlation coefficient W: Water 
MAPE: mean absolute percentage error SF: Steel fiber 
MSE: mean square error   

FA0.0, FA10.0, FA20.0, FA30.0; NS0.0, NS1.0, NS2.0, NS3.0, NS4.0, NS5.0; SF0.0, SF0.5, SF1.0, SF1.5: 
Percentage of replacing cement with fly ash; Percentage of replacing cement with Silica fume; Percentage of steel 
fiber. 

Appendix 1. Composition of materials for concrete mix 

Sample Mix code 
Concrete mix materials W/ 

AA C FA SN S LA SP W SF 
ID1 FA0.0-NS0.0-SF0.0 378 0 0 854.5 1017.5 3 166 0 0.4 
ID2 FA10.0-NS0.0-SF0.0 340.2 37.8 0 854.5 1017.5 3 166 0 0.4 
…           

ID96 FA30.0-NS5.0-SF1.5 245.7 113.4 18.9 854.5 1017.5 3 166 15 0.4 

Note: C - Cement (kg/m3); FA - Fly ash (kg/m3); NS - Nano Silica fume (kg/m3); S - Sand (kg/m3); LA - Large 
aggregate (kg/m3); SP - Super-plasticizer (liter/m3); W - Water (liter/m3); SF - Steel fiber (kg/m3); W/AA - Ratio 
Water/Adhesion agent. 

FA0.0, FA10.0, FA20.0, FA30.0 - Percentage of replacing cement with fly ash; NS0.0, NS1.0, NS2.0, NS3.0, NS4.0, 
NS5.0 - Percentage of replacing cement with Silica fume; SF0.0, SF0.5, SF1.0, SF1.5 - Percentage of steel fiber. 

Appendix 2. Normalized data for ANN training and testing 
S.N. ξ1 ξ2 ξ3 ξ4 ξ5 ξ6 ξ7 ξ8 ξ9 η 

1 1.00 0.00 0.00 1.00 1.00 1.00 1.00 0.00 0.88 0.12 
2 0.71 0.33 0.00 1.00 1.00 1.00 1.00 0.00 0.88 0.07 
…           
96 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.88 0.97 

Due to the waste of paper, the study team shortened the appendix. If the reader wants full table data to contact 
the author via email.  


