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LOI NOI PAU

Noéi tié'p thanh cong cua Hoi nghi khoa hoc VietGeo cac nam truwdce, Hoi nghi khoa hoc
toan quoc VietGeo 2023 “Dja chat cong trinh - Pia ky thudt va Moi trwong phuc vu phdt trién
bén vitng” duoc t6 chire tai Trwong Pai hoc Khoa hoc - Pai hoc Hué (lan thir 2) trong cdc ngay
28 va 29 thang 9 nam 2023. Hoi nghi do Truwong Dai hoc Khoa hoc - Pai hoc Hué va Héi Pia
chat céng trinh va Méi trieong Viét Nam dong chii tri, cdc don vi phoi hop t6 chire la Hoi Pia
chat thuy van Viét Nam, Hoi Cong nghé Khoan - Khai thac Viét Nam, Truong Pai hoc Mo - Dia
chat, T rwong Pai hoc Bdach khoa - Dai hoc Quéc gia Thanh phé Ho6 Chi Minh, T ruong Pai hoc
Giao thong Van tai.

Ban T6 chirc Hoi nghi da nhan dwoc 125 bai bao cua cac nha khoa hoc trong ca nudc gui
dén tham gia Hoi nghi. Theo két qua ddanh gid ciia cdc phan bién, Ban Khoa hoc dd xem xét, liva
chon 93 bai bdo ¢6 chdt lwong tot dé dang trong Ky yéu Hoi nghi do Nha Xudt ban Khoa hoc va
KJ thudt xudt ban. Cdc bai bdo khoa hoc trinh bay nhing két qua nghién ciru méi theo cdc chii
dé ciia Hoi nghi, bao gom:

- Dia chat cong trinh - Dia ky thudt va Dia chat thuy van;

- K3 thudt xdy dung va vat lieu maoi,;

- Tai bién dia chdt va cong nghé quan trdic - canh bdo sém;

- Tai nguyén - Moi trirong va chuyén doi so;

- Cong nghé khoan - khai thac.

Hoi nghi khoa hoc toan quéc VietGeo 2023 lan nay khéng chi la dién dan dé cdac nha khoa
hoc chia sé, thao ludn nhitng két qua nghién ciru méi vé cdc chi dé néu trén ma con la dip dé
cdc 16 chire, cd nhdn gap go, trao doi, ky két hop tac nham néng cao hiéu qua hoat dong khoa
hoc va cong nghé trong cdc linh viec chuyén mon.

Trong qua trinh chuan bi t6 chirc Hoi nghi, Ban T 6 chire di nhdn dwoc su hé tro ca vé tinh
than va vt chat cia: T ruwong Pai hoc Khoa hoc - Dai hoc Hué, Héi Pia chat cong trinh va Moi
truwong Viét Nam, Hoi Dia chat thuy van Viét Nam, Hoi Cong nghé Khoan - Khai thac Viéet Nam,
Trieong Pai hoc Mo - Pia chat, Tr ruong Dai hoc Bach khoa - Dai hoc Quéc gia Thanh phé Ho Chi
Minh, Truong Pai hoc Giao thong Van tai, Cong ty TNHH XNK Phu Thanh Phat, Cong ty TNHH
Nam Mién Trung, Trung tdm Nghién ciru Dia ky thudt, Cong ty C6 phan Khoa hoc Céng nghé Bdch
khoa Thanh phé Ho Chi Minh, Cong ty TNHH Premium Silica Hué, Cong ty C6 phan tw van dia chat
CT Pa Néng, Cong ty CP Pau tw phat triéen GMC ... Ban Té chirc Hpi nghi xin giri téi cdc t6 chirc,
cd nhén 16i cam on chdn thanh vé sw vung hd, gitip dé quy bau d6. Ban Té chirc Hoi nghi ciing xin
chén thanh cam on cdc nha khoa hoc da viét bai tham gia Hpi nghi, cam on cdc tinh nguyén vién va
dac biét cam on cdc thanh vién Ban Khoa hoc, Ban Thw ky, nhitng nguoi da lam viéc rat nhiét tinh
Vo1 trach nhiém cao, dam bdo cho sy thanh cong cua Hoi nghi.

Ban Té chirc Hoi nghi VietGeo 2023 xin chan thanh cam on Nha xudt ban Khoa hoc va Ky
thudt da givip do xudt ban cuon Ky yéu Hoi nghi. Do thoi gian tuyén chon, bién tdp va in an han ché
nén cuon Ky yéu chdc chen khéng tranh khoi thiéu sot, ching téi mong dwoe ban doc lwong thi.

BAN TO CHU'C HQI NGHI



~ LOICAM ON CUA HIEU TRUONG
TRUONG DPAI HQC KHOA HQC - PAI HQC HUE

Nham tang cuong trao doi kinh nghiém va cdc két qud nghién ciru khoa hoc véi
nhitng nha khoa hoc trén toan quéc, Truong Pai hoc Khoa hoc - Pai hoc Hué pho”'i hop
véi Hoi Pia chat cong trinh va Moi truwong Viét Nam d‘é‘ng 16 chirc Hoi nghi Khoa hoc
toan quéc “Pia chat cong trinh - Pia ky thudt va M6i truong phuc vu phdt trién bén viing
- VietGeo 2023 vao ngay 28 va 29/9/2023 tai Truong Pai hoc Khoa hoc - Pai hoc Hué.

Trén cuong vi Hiéu truong cua Truwong Pai hoc Khoa hoc, thay mat Ban Giam
hiéu Nha truong, ching téi hoan nghénh va cam on cac don vi dong t6 chire Hi nghi,
doi ngii cac nha nghién cuu, nha khoa hoc, cdac nha lanh dao va cac chuyén gia, nhitng
nguoi sé tham gia va tao nén sy thanh cong cho Hoi nghi nay. Voi nhitng dong gop quy
bdu ciia quy vi, t6i ky vong va tin rang Héi nghi Khoa hoc lan nay sé hién thwc héa cdc
muc tiéu ma Ban Té chire da dé ra.

Toi ciing tran trong gui loi cam on dén cac thanh vién Ban To chuc Hoi nghi, cac
co quan hitu quan, cdac nha khoa hoc da lam viéc rat nhiét tinh va tam huyét deé to chirc
Hoi nghi thanh cong tron ven.

Xin tran trong cam on!

HIEU TRUONG
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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 (Al) 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 L.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

Xy: The grade af cement

Xy The water-cement ratic

Xy Dosage of water

Xz Dosage of coment

Xz The maximum size of coarse aggregate
Kyz The fine module of sand

Xy: The san-aggregate ratio

Ky: The aggeregate-comant ratio
Xy The alump
Kyt The effect of admixtures

Xy 2 Dosage ol admixtures

- 28d compressive strength of concrete
The input layer

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 (Kosti¢ S., and Vasovi¢ D., 2014) an ANN is a form of Al
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 SPS000F “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 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
150x150%x150 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%150x150 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 m’ concrete. Therefore, the compressive strength of
concrete can be determined according to a mathematical function of 9 variables:

y =) M

x = [x1x ...xg]T 2

where x; 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 x; to x¢ is listed in Table 1 and the input
data is normalized to train and test the ANN as Appendix 2.

with

5 _ xi _xi,min
i 3
xi,max _“xi,min ( )
— y _ymin
_ (4)
ymax ymjn
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 00| 0.0 | 0.0 |]00] 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.

e —e°
e +et’

tan sig = tanh = (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
Al 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 (x;,
X2,..., X,) to @ neuron j. Connection weight » input number with j neurons are represented by (W)
= (W, Waj,..., Wyj). The output of the sum junction can sometimes be zero, and to prevent such
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a situation a fixed value deviation b; is added. Hence the input to pass to the function f is
identified as u, =) "

LW, +b, . The output of j neuron is y can be obtained by the expression:

y=r(u) :f(iszkj +bjj. ©)

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 O 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.

Bias b, = 1.0

—

Summing junction Activation/Teansfer function

Inputs Wielghts

Figure 6. Input and output relationship for predicting compressive strength of
concrete and structure of ANN model.

Cemen?
Sand
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Secd liber

WA
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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 1.74585¢™ 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 Ii;gg:;l R MSE Models Ii;gg:;l R MSE
fcltansig 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 | fcYtansig 9 0.9815 | 3.08E-03
fcdtansig 4 0.9949 | 6.62E-04 | fclOtansig 10 0.9978 | 2.50E-04
fcStansig 5 0.9968 | 3.96E-04 | fclltansig 11 0.9978 | 2.48E-04
fc6tansig 6 0.9803 | 2.35E-03 | fcl2tansig 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.

Bant Validation Perdormancs i& 000011774 at apoch 41

Mean Squared Emor [msa)

5

10 15

Trsin

'\ulu.u:‘

’— Téral

B

47 Epochs

h] Al

Figure 8. Best validation performance in model fc7tansig.
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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.
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Figure 10. Seven neurons in the hidden layer around the zero error.

Output

Output

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.
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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.
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Figure 13. The relationship between the tested and predicted compressive strength at 28 days.
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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 R* = 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.
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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
Al: artificial intelligence TCVN: Vietnam standards
PEs: processing elements ASTM: American standard
SP5000F: | Super-plasticizer 5000F SF-90: Silicafume-90
ACL 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

. Concrete mix materials W/

Sample Mix code
C FA | SN | S LA | SP| W |SF|AA
ID1 FA0.0-NS0.0-SF0.0 378 0 0| 8545 | 10175 3] 166 0| 04

ID2 FA10.0-NS0.0-SF0.0 340.2 37.8 0| 8545 | 10175 31 166 0] 04

ID96 FA30.0-NS5.0-SF1.5 2457 | 1134 | 189 | 8545 | 1017.5 31166 | 15| 04

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

FAO0.0, 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. & ) ) & S [ & & & n
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.




