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Tém tiit

Trong ky thudt xdy dung, phan tich h6i quy 1a mét cng cu quan trong dugc sir dung trong phén tich dit liéu va mo hinh
héa cac qué trinh phirc tap. D& don gian hoa viéc sir dung mang no ron nhin tao (ANN) trong phan tich hdi quy, nghién
ctru nay dé phat trién mét chuong trinh ANN trong Visual C#, duoc goi 1a VS-ANN. Kha ning phan tich cta chuong trinh
VS-ANN da dugce kiém chimg bai hai img dung vé du doan cuong do nén bé tong va udce tinh dd sdu sat 16 tai chan cau.
Két qua vé gia tri tuong quan tot R2 (> 0.9) cho thdy chuong trinh VS-ANN 1a mét céng cu hiru ich dé thyc hién phan tich
héi quy trong k¥ thuat xay dung.

Tir khéa: Phan tich hdi quy, mang ludi than kinh nhén tao, k¥ thudt xiy dung, ngdn ngit C#, cudng do nén, do sau sat 19.

Abstract

In construction engineering, regression analysis is a crucial tool used in data analysis and modeling complex phenomena.
To ease the employment of artificial neural network (ANN) in regression analysis, this research has developed an ANN
program in Visual C#, called VS-ANN. NET framework 4.6.1. The capability of the VS-ANN program has been confirmed
by two case studies of concrete compressive strength prediction and scour depth estimation. Good value of R? (>0.9)
shows that the newly developed VS-ANN program can be a useful tool for performing regression analysis in construction
engineering.

Keywords: Regression analysis, artificial neural network, construction engineering; Visual C#, compressive strength,
scour depth.

1. Introduction interest. This mathematical relationship is

Regression analysis involves the then employed for various modeling tasks in
identification of the mathematical relationship construction engineering [1 - 5] as well as in
between a set of predictors and a variable of other industries [6]. Recent advancements
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in machine learning have created intelligent
data analysis methods that are proven to be
more capable than conventional statistical
approaches. Hence, these modern data analysis
tools including neural network, support vector
machine, regression tree, etc. have drawn
great attention of various scholars as well as
practicing engineers.

In construction engineering, empirical
data modeling is a crucial research field. It is
because researched phenomena in this field of
study are inherently complex and heavily relied
on empirical experiments. Hence, machine
learning is often employed to generate a model
of a system that can be used to predict the
novel cases that have not been observed [7].
Therefore, the introduction of machine learning
based regression methods is necessary for
both practical use and educational purposes in

engineering courses.

This study focuses on Artificial Neural
Network (ANN) based on regression analysis
models since its effectiveness in nonlinear
model has been well demonstrated and its
mathematical elegance [8, 9]. As an Artificial
Intelligent (AI) technique, the structure of
ANN and its inference process is capable of
adapting dynamically in response to the update
of data [10]. Based on various experimental
works, ANN has demonstrated to be capable of
delivering satisfactory predictive performances
[11-13]. Considering the fact that open software
for ANN implementation is relatively limiting,
this study aims at contributing a system based on
ANN algorithm for solving regression analysis
problems in construction engineering. The rest
of the article is organized as follows: the second
section describes the formulation of ANN; the
modeling capability of the newly constructed
program is demonstrated in the third section;
concluding remarks of this study are stated in
the final section.

2. Artificial neural network and its
implementation in Visual C# .NET framework

ANN is a powerful machine learning based
on data analysis algorithm which is a model of
the real biological neural networks. This machine
learning approach attempts to simulate the
knowledge acquisition and inference processes
occurred in the human brain [14]. The ANN
has been widely used for solving nonlinear
regression analysis problems. It has been well
demonstrated that an ANN with one hidden
layer can sufficiently approximate very complex
nonlinear functions [15].

The learning task of regression analysis
is to generalize a mapping function
f:XeR” 5YeR' where D denotes the
number of input attributes [14]. An ANN model
typically consists of the input, hidden, and output
layers. The ANN structure used for function
estimation can be expressed as follows [14]:

f(X):b2+W2><(f_4(bl+W'|XX) (D
where W, and W, are weight matrices of the
hidden layer and the output layer, respectively;
N is the number of neurons in the hidden layer;
b] - [bn’
hidden layer; b, is a bias vector of the output

blz‘. .., b, ] denotes a bias vector of the

layer; f, denotes an activation function. Herein,
the commonly employed activation function is
log-sigmoid [14].

The weight matrices and the bias vectors of
an ANN are learnt through a training process that
use the error backpropagation algorithm [16]. In
addition, the Mean Square Error (MSE) is often
used as the objective function to be minimized:

l M
MSE= min — ) e’ 2
W, Wby 0y M ; ! 2)
where M is the number of data samples; e
represents an output error. e, = Y - Y (Y,

and Y, denote predicted and actual outputs,
respectively).
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Fig. 1. The program interface

To ease the implementation of ANN used for
regression analysis, a program called VS-ANN has
been developed in Visual C# NET (Framework
4.6.1). The graphical user interface (GUI) of the
program is illustrated in Fig. 1. The program GUI
1s designed to simplify the application of ANN in
construction engineering and still provides the users
withselectionstoconfigurean ANN model. Theusers
need to provide the input parameters including the
number of training and testing samples, the number
of input variables (or the predictors), the number
of neurons used in the hidden layer, the number of
training epochs, and the learning rate parameters.
The training and testing data sets are provided in
two separated “.csv” files: “TrainDataSet.csv”” and
“TestDataSet.csv”. The default locations of these
two files are “D:/TrainDataSet.csv” and “D://
TestDataSet.csv”. Before the data is splitted, it is
strongly recommended that the original dataset has
been normalized using Z score equation:

Yo =Y, =M S, (3)
where Y, and Y, are the original and the

normalized variables. M, and S, denote the mean
and the standard deviation of the variable.

The original range of the output variable can
be converted from its normalized value using the
following equation:

Y, =Y, xS, +t M, (4)

3. Software program applications

In this section, the VS-ANN program is
applied in the two case studies: prediction of

compressive strength of high performance
concrete and prediction of scour depth of bridge
piers. The original data set has been normalized
using Z score equation and randomly divided into
a training set (90%) and a testing set (10%). The
number of neurons in the hidden layer is roughly
set to be 2D /3 + 1 which D, is the number of
input variables [17].

In construction engineering, high-performance
concrete (HPC) has been widely employed in
high-rise building/infrastructure projects for its
superior strength, durability, and workability
which exceed those of normal concrete [4].Since
the compressive strength is widely used as the
main criterion in defining the required quality of
concrete, prediction of compressive strength can
be very helpful in concrete mix design. This study
employs 1030 data samples collected in [18] and
can be assessed via [19]. The cement quantity
(kg/m?), blast furnace slag quantity (kg/m?), fly
ash quantity, water quantity, superplasticizer
quantity, coarse aggregate quantity (kg/m?), fine
aggregate quantity (kg/m?), concrete age (day) are
employed as predictors. Concrete compressive
strength (Mpa) is used as the dependent or output
variable. The prediction results are shown in Fig.
2a. The model performance in the testing phase
1s demonstrated in terms of root mean square
error (RMSE) and coefficient of determination
(R?): RMSE = 0.43 and R? = 0.92 which are a
good predictive result. This means that 92% of
the variation of the compressive strength can be
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explained by the VS-ANN program.
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Fig. 2. Prediction results: (a) Case study 1
and (b) Case study 2

In the second application, the program is
used to estimate the scour depth at bridge piers.
Bridge scour is generally known as the removal of
sediment (e.g. sand and gravel) from around bridge
abutments or piers [20]. Scour which is caused by
swiftly moving water can scoop out scour holes; this
leads to the deterioration of the integrity of a bridge
structure [21, 22]. Thus, models that can accurately
estimate the scour depth at bridge piers are highly
desirable. This study employs the data set including
8 variables that consider aspects of pier geometry,
flow property, and river bed material.

The data set including 174 samples has been
documented in [23]. The 8 predictors, including
the flow depth y, the pier width perpendicular to
the flow direction b, the pile-cap width bm, the
longitudinal extension of pile cap face out from
pier face L , the soil covering height Y, the ratio
of the mean velocity to the critical velocity of
sediment movement V/V, the median grain size
d,, and the river bed material geometric standard
deviation ¢ , are employed to estimate the scour
depth d, ofccomplex pier foundations [24]. The
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prediction performance of the VS-ANN program
is reported in Fig. 2b. The model performance in
the testing phase is as follows: RMSE = 0.41 and
R? = 0.94 which demonstrates a high correlation
of the observed and predicted values of the scour
depth. The R?> = 0.94 means that 94% of the
variation of the scour depth can be explained by
the VS-ANN program.

4. Conclusion

Regression analysis is an important data
analysis tool widely wused in construction
engineering. To facilitate the employment of
ANN in regression analysis, this study has
developed a neural network program in Visual
C#. NET framework. A simple GUI has been
used to ease the implementation of the ANN
algorithm. The effectiveness of the constructed
program has been demonstrated via two case
studies of compressive strength prediction and
scour depth estimation. Good value of R*> shows
that the VS-ANN program can be a useful tool
for performing function approximation problems
in construction engineering.
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