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Abstract: There are defined Theoretical and empirical relationships for predicting settlement of shallow foundation 
on soils which in spite of the computational complexity, do not predict with high accuracy. Nowadays, artificial 
neural networks can be used for predicting the settlement of shallow foundation with lower computational 
complexity and higher accuracy. Modeling 27 samples of Shallow foundations on sandy soil under 14 types of 
Uniformly distributed load with different length to width ratio, using Plaxis program, the following settlement were 
calculated. The geotechnical information is obtained from the speculation surrounding the city of Babol. A neural 
network is designed using the data obtained from the Plaxis program to estimate the settlement of shallow 
foundation. Plaxis program analyzed the network by model samples. As you know, the neurons in the hidden layer 
of a neural network is an optimal value so With different values can be used to model the network was designed to 
optimize the optimal number of neurons in the hidden layer is 350. By changing the value of the friction angle of a 
soil sample in neural network models, we found that Increase the friction angle of a soil sample to a soil layer will 
reduce the Settlement and This is due to the increased contact area between the particles and better distribution of 
stress in a layer of soil to other layers happen.  
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1. Introduction 

Proper foundation design depends on accurate 
prediction of the meeting and its distribution. Factors 
such as material type and hardness of the Earth, 
Width, and depth,… Have an effect on the amount and 
distribution of foundation settlement. 

Today, several classical equations for calculation 
of foundation settlement of shallow foundation 
engineering books available. These relationships are 
often based on experience or based on elasticity theory 
are presented. Considering various factors which 
influence this case, unfortunately, the use of this 
relationship, with no satisfactory results. In recent 
years the trend toward computerized tools that are 
similar to biological nervous systems of the body are 
increased. These tools are known as artificial neural 
networks anb Almost all branches of science and 
engineering applications have been increasing. As a 
result, the neural network in less time and with good 
accuracy can be used to solve engineering problems. 
1-1- Geography of Babol 

The city is located approximately 20 kilometers 
south of Caspian Sea on the west bank of Babol Rud 
River and receives abundant annual rainfall. Babol 
borders Babolsar to the north, Qaem Shahr and Savad 

Kooh to the east, and Amol to the west. Babol 
University is famous for its spectacular scenery. 

 
Figure 1. Geography of Babol 

 
2. Materials and methods 
2-1- Introducing the soil parameters required for 
the plaxis program 

Due to changes in soil parameters named in the 
report and geotechnical soil sampling variability 
expressed, total of 10 soil types have been analyzed, 
so All samples of the geotechnical characteristics and 
application requirements Plaxis Program, Displayed in 
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tables 1(a…d) and Concrete parameters for shallow 
foundations are shown in Tables 1-e. 

The data used in presented research, includes 
borehole logs (data collected from digging boreholes) 
bored in the study area Figure1and is collected by 
different institutions for different research purposes 
(Kusano et al., 1988). The database includes more than 
40 borehole logs in an area of more than 6 km2 from 
Babol zone. 

From the total of 40 raw borehole data, only 30 
logs with a depth range of 10–30 m were acceptable 
for using in ANN model. The regular tests were 

performed on the samples. The available data set is 
divided into three sets, namely training, validation, 
and test sets, based on random selection. 

By this division the validity of the model could 
be examined in a more comprehensive manner. To 
identify the layers of the soil, geotechnical information 
obtained from boreholes drilled were used in Town of 
Babylon These data are shown in figures 2-a and 2-b. 

Geotechnical parameters obtained from 
boreholes drilled in the city of Babylon that have been 
used are shown in Table 1. 

 

 
Figure 2-a. borehole log (A) from test borehole 
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Figure 2- b. borehole log (B) from test borehole 
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2-2- Modelin in Plaxis Program 
The mesh and boundary conditions ( soil 

behavior using finite element method ), for the 
simulation executable work, three-phase program is 
defined as follows: 

1- Definition of soil for Plaxis. 
2- Declared shallow foundation material and 

foundation for program. 
3- Load on the foundation. 
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Figure 3.Calculations window 

 
 

 
Figure 4-a. General Settelement of the Foundation 

 

 
Figure 4-b. Effective stress in the soil 

 
2-3- Define the network Initial input 

In ANN forecasting models, 60% of the records 
are selected as training, 30% are taken for test for final 
evaluation, and the remaining 10% are used for 
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validation or monitoring the performance of the model 
during the training phase. 

For Neural Network Training, We consider three 
inputs: 

1-Distributed load: q (KN/  ) 

2-Standard Penetration Number (SPT) 
3- Ratio of length to width of the foundation: L/B 
 

 
Figure 5: A three-layer feed-forward neural network 
structure. 
 
2-3-1 Calculate of the Standard Penetration 
Number modified 

This table 2, that Introduced in 1956 by 
Meyerhof is used for many of the papers Indicates that 
Empirical relationship between the angle of internal 
friction of soil and SPT. 

 
Table2: The relationship between the angle of internal 
friction of soil with numbers SPT 

 
 
Value of the SPT in granular soils, is dependent 

on the Overhead pressure ( ). So under the Effective 

pressure, the value of SPT (N) needed to corrected by: 
 N 

Several researchers such as ( Peck et al.,1976), 
(Seed et al.,1976-1979) and (Tokimatsu and 
Yoshimi,1983), Empirical relations for  have been 

proposed but The easiest with good accuracy by (Liao 
and Whitman,1986) Proposed. 

 

  

So:  

 
The two of input parameters ( , L/B ) For 

each soil sample are presented in the table 3. As you 
can see, For each model, Ratio of length to width of 
the foundation has changed until Dimension  influence 
on Settlement of Shallow Foundations to be 
determined. 

 

 
Table 3: Ratio of length to width and number SPT 
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Table 3. Ratio of length to width and number SPT 

 

 
Table 3. Ratio of length to width and number SPT 

 

 
Table 3. Ratio of length to width and number SPT 

 

 
Table 3. Ratio of length to width and number SPT 
 
2-4- Results of Analysis Plaxis Program 

One of the Initial inputs of the neural network is 
the load on shallow foundations, Therefore, for each 
soil sample, We have considered 14 different loads to 
be sufficiently wide range of input data. After 
modeling the each samples under 14 different loads, 
the Settlement of Shallow Foundations is called output 
of Neural network. 
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Table 4. Data obtained from the analysis of plaxis 

 

 

 
Table 4. Data obtained from the analysis of plaxis 

 
 

 

 
 

 
Table 4. Data obtained from the analysis of plaxis 
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Table 4. Data obtained from the analysis of plaxis 

 

 
Figure 6. P matrix 

 
2-5- Input data into the MATLAB program 

Input data are entered in MATLAB as a matrix. 
we define 3 initial input to the neural network and We 
had 27 models, each of which had 14 different types of 
loading, Thus, for each input, there will be 378 data. 
2-5-1- P matrix 

This matrix is called as the neural network input 
matrix and contains: q, N ( , Z (L/B ) and In 

Matlab is defined as p= [q;z;n] so that shown in Figure 
6. 
2-5-2-Output matrix of the neural network (t): 

This Matrix with dimensions (1 378) is the 

output of the neural network as the Settlement of 
Shallow Foundations obtained by analyzing samples is 
modeled by the plaxis program called t matrix that 
shown in Figure 7. 
2-5-3-Defines the structure of an artificial neural 
network 

In this project, the multi-layer perceptron 
network as the most used type of artificial neural 
network in solving engineering problems was used. 
Figure 5. 
2-6-Network code in MATLAB is given below  
 

 
 
Neural network training function is trainlm. 

After the data for classification and regression 
functions affected by this function, the learning 
process is to achieve a good correlation. in Figure 8 is 
an overview of the network. 

Perceptron neural network with two layers and a 
middle layer that is hidden in the hidden layer There 
are 350 hidden neuron is composed of a single output 
of the network is taken. Code is as follows: 

net=newff ([1 255;3 6;7 18.2], [350 1], {'tansig' 
'purelin'},'trainlm) 

ANN training code: Net 1 = train ( net, P,T) 
 

 
Figure 7. t matrix 
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Figure 8. Overview of network 

 
The network codes is the error rate of the 

network can be set so that the desired error rate 
reached a certain stage. 
net.trainParam.show = 50; 
net.trainParam.lr = 0.05; 
net.trainParam.epochs =1000; 
net.trainParam.goal = 1e-3 
3- Results and discussion 

With all of the steps described, the Neural 
network error rate has reached 0.98125. This figure 9, 
shows a good training program to suit a wide range of 
input data networks. 

 

 
Figure 9 –a. Neural network performance 
 
The code can be used to query the network. 
a= sim (net1, P); 
For example, soils The ratio of length to width 6 

and number oo SPT 14.4, Plaxis Program, the answer 
is 128.87 and A neural network designed 129.0209 
gives an approximate answer is acceptable. 

Below this number is shown in the MATLAB 
programming environment. The question of the 
program is as follows: 

a= sim (net1, [173;6;17.4]) 
 

 
Figure 10. Answer in Matlab 

 

 
Figure 9-b. Best Training Performance of the Network 

 
3-1- Influence Of neurons in the hidden layer on R 

Given the importance of this issue in regression 
neural network input data so The number 350 was 
used in the artificial neural network which is the value 
obtained experimentally. 
If: net=newff ([1 255;3 8;7 18.2], [320 1], {'tansig' 
'purelin'},'trainlm'); 
 

 
Figure 11-a. Amount of R in 320 Neron is 0.96731 

 
If: net=newff ([1 255;3 8;7 18.2], [360 1], {'tansig' 
'purelin'},'trainlm'); 
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Figure 11-b. Amount of R in 320 Neron is 0.9714 

 
4. Conclusion 

The data from the neural network being used as a 
test of the soil was SC3 with The ratio of length to 
width is 8. The results of the Settlement by using 
neural network has a good agreement with the results 
of Plaxis and All results are shown in Table 5. 

 
4-2-Dimensions Foundation effects on Settlement 

 
Soil samples were taken to be SC4. The 

parameters are shown in Table. The soil under the 4 

Different Dimensions foundation and the load 100 . 

The coordinates of the selected point by (11,12.5) to 
calculate the rate of change of meeting dates and 
results of these studies are shown in Figure 12. 

Curve A: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 3. (6 meters 
long and 2 meters wide). 

Curve B: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 4. (8 meters 
long and 2 meters wide). 

 
Table 5. A comparison of neural network and 
applications 

 
Curve C: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 8. (8 meters 
long and 1 meters wide). 

 
Figure 12. Dimensions Foundation effects on 
Settlement 

 
Curve A: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 3. (6 meters 
long and 2 meters wide). 
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Curve B: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 4. (8 meters 
long and 2 meters wide). 

Curve C: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 8. (8 meters 
long and 1 meters wide). 

Curve D: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 6. (6 meters 
long and 1 meters wide). 

 
Figure 13. Angle of internal friction curve effects 

 
4-3- Angle of internal friction effects 

To evaluate the influence of internal friction 
angle of a soil sample in a Amount of Settlement s, at 
one point considered for the analysis of soil SC4. 

A type of foundation and the load, the changes 
we observed the effects of friction. 

Curve A: Of the soil friction angle SC4 is 39 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 4. (8 meters 
long and 2 meters wide). 

Curve B: Of the soil friction angle SC4 is 45 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 4. (8 meters 
long and 2 meters wide). 

Curve C: Of the soil friction angle SC4 is 30 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 4. (8 meters 
long and 2 meters wide). 

Curve D: Of the soil friction angle SC4 is 35 

degrees under a uniform load of 100    On shallow 

foundations with length to width ratio is 4. (8 meters 
long and 2 meters wide). 

As is known in the form of increasing the amount 
of soil friction angle, the highest Settlement in the 
lower reaches Also, the curves A and B Against two 
curves are much more friction, the Settlement is also 
lower than the other two curves. 

Increase the contact area of foundation soil was 
modeled on, the settlement amount will be reduced. 
Distribution of the stress distribution in the soil layers 
below the foundation would be better and reduce the 
stress level in the soil layers and also to reduce the 
amount of foundation settlement. 

Increase the friction angle of the soil in a layer of 
soil to reduce settlement will increase the contact area 
between the particles of the soil layer will be. 
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