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Abstract: With the rapid development of China's civil aviation industry, more and more large
aircrafts appear in the civil aviation industry, which puts forward new requirements for the
construction of airport runway. Especially in the eastern coastal areas of China, where the soft clay
layer is widely distributed, it is of great significance to fully understand and master the laws of
settlement of soft ground in airport, so as to avoid unnecessary accidents. Based on the settlement
monitoring data of soft foundation in an airport, in this paper the time series analysis, the grey
system theory and the combination model prediction method are studied. The results show that the
MGM (1,3) +AR (3) model combination can not only reflect the trend of the development and
change of the sequence data, but also consider the effects of stochastic fluctuations in the data
sequence, which can fit and forecast with high precision. The research results provide a reliable
basis for the safety of soft foundation treatment in the construction period and operation period, and
provide reference for scientific research and theoretical calculation.

1. Introduction

For the soft clay foundation of the airport runway, the external load is the main factor to produce
the settlement after the foundation ™ 2. The external load of the field consists of two parts: the
constant load of the pavement structure to the soft soil foundation and the dynamic load produced
by the aircraft load on the soft clay foundation .

Under the constant external load, with the time changing, the pore volume of soft soil foundation
is reduced, and the volume of soil pores decreases. For soft clay foundation, because of slow
infiltration of water in soil, the time needed to complete final settlement is very long. Sometimes it
takes months, years or even decades ©!. Although the consolidation degree of soft clay foundation is
about 90% after preloading, after the completion of airport, the consolidation effect of pavement
structure layer on the soil will continue to exist, and the post construction settlement produced by
dead load will gradually appear along with the passage of time. The current highway design
criterion in China believes that the constant load of embankment is the main factor affecting the
deformation of soil foundation [®.

Because of the low permeability of soft clay foundation, the action period of aircraft landing load
is relatively short, so soft clay can be regarded as undrained under the action of aircraft load '),
Under the action of the cyclic loading of the aircraft, the soft clay foundation will produce
undrained plastic cumulative strain, resulting in soil foundation settlement 1. The researchers
monitored the settlement of the soft soil foundation of an airport in Japan, and analyzed the
settlement data. It was concluded that 30% of the total settlement after operation is caused by
aircraft load ™. The ground settlement of airfield runway caused by aircraft load has been paid
much attention by researchers in various countries.

Time series analysis is one of the important branches of mathematical statistics and a statistical
method based on dynamic data interpretation system's dynamic law and structure . The
fundamental theory can be summarized as the data recording system of the limited time. The
establishment of mathematical model, which can accurately reflect the kind of dynamic time series
dependency relation contained in the model can change, development trend of the future prediction
system, so that the results of statistical analysis model on the causal relationship between the
supplement *°!. Time series analysis method can be modeled in a stationary time series case, but in

Copyright © 2018, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 52



£

ATLANTIS

PRESS Advances in Computer Science Research, volume 78

practice, went to the airport ground deformation monitoring data is quite complex, neither stable nor
constant spacing, which is faced with the problem of pitch processing monitoring data smoothing
and etc., to meet the conditions of establishing a steady time series model ¢, The grey system
model is an effective method to solve the non-deterministic problem, the data is poor and the
amount of information is low. After the model, the mean GM (1,1) model parameters is unchanged,
but the airport went to the settlement with the change of time is constantly changing, so the
corresponding model parameters is bound to change, so the mean GM (1,1) model applications
received great limitations ). In view of the above reasons, a nonlinear combination of time series
and grey is applied to achieve the complementary advantages of each other, reflecting the influence
and development trend of the effect volume comprehensively and systematically.

2. Modeling of time series

The path of time series modeling and prediction is: The first step is to analyze the model order
and model type, that is, which model is suitable for data sequence, including MA (g) model, AR (P)
model, and ARMA (P, q) model, and determine the required order of P and Q; The second step is to
estimate the variable value of the corresponding model = (phi 1, Phi 2,..., [Phi] P) T and theta =
(theta 1, theta 2,... theta q) T; the third step tests the stationary and equidistance properties of the
residual epsilon T; finally, the model is predicted using the validated model [18].

In theory, all ARMA (P, q) models can be transformed into AR (P) models through
reorganization and analysis. In view of the convenience and applicability, AR (P) model has wide
application scope and wide range.

The model test is to test the residual sequence{g(t)’t < Z}. If the whole development trend of

the initial time series is extracted from the model, {g(t)’tez} Is a stationary white noise
sequence. Then it is possible to prove that the established model is applicable. On the contrary, if
the residual sequence is not a stationary white noise sequence, it shows that the built model can not
completely extract the change of the original data sequence. Therefore, the model should be
perfected or rebuilt by various factors. [19]

For the AR (P) model, the residual is

Test statistics for constructing 2

Test hypothesis ~ H,:p, =0 if k>m-
HO:pK 7&0’ if k<m
The minimum mean square error prediction formula for AR (P):
Xion = O X + P Xppp +o @pXiih-p

According to the above formula, the recursive prediction formula of AR (P) can be expressed as:
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Xja = @K @ X+t QX

X2 SO Ka T O X+ o+ 0 X0

Kin = O Xipng T @Ky T F §0p§(|+h—p(h > p)
The minimum mean square prediction formula of AR (P) model is simple and practical, The

X,y X

predictive value of multistep can be obtained by 1 Xmopat g its applicability is better.

3. Modeling of grey system GM (1,1)

Data sequence preprocessing
The original data sequence is:

Add X(l)(k) to a cumulative time:
X = (0)¢ () xn)

Calculating the background value of X (l)(k):
20(k) = %(x(l)(k)+ x9(k -1))

The establishment of first-order differential equation

dx®
dt

+az¥=b

Solutions of differential equations
@ () =(x9 1) - Ee‘f"“‘”) + b
a a
The parameters a and b are solved by the least square method:
A=[a,b]' =(B"B)'B"Y,

~70(2) 1 x9(2) ]

_ M (0)
Where: B = z.(3) l Y, = X _(3) o

— 7@ (n) 1 _X(O) (n)_

The expression of the analog predictive value is:

$O(k)=(1- ea)(x(o’ @ —Eje‘a(k'” k=12,-n
a

4. Engineering application of grey time series combination model

The phase 1 runway of Pudong International Airport was formally put into operation in October
1999. From September 2004 to September 2004, the maximum post construction settlement of the
main runway has reached 611mm, with an average settlement of 403mm, which has far exceeded
the design index of 100mm after operation for 10 years, and the runway can still run normally. In
fact, the testing indexes of the soft foundation reinforcement effect of the runway are significantly
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higher than the design requirements. The cause of this phenomenon is: First of all, in the design
process of foundation treatment, settlement control after construction ignores the influence of
aircraft take-off and landing load. Secondly, it is unreasonable to calculate the settlement of
pavement structure under dead load after the settlement of original soft soil is subtracted from the
construction period.

The settlement monitoring data of a certain point is modeled and analyzed. The results are seen
in table 1, table 2 and figure 1.

Table 1 Comparison between the measured value and the fitting value of MGM (1,3) +AR (3)

model (cm)
numbe measure fitted residua relative numbe measure fitted residua relative
r dvalue values lerror residual r dvalue wvalues lerror residual
error(% error(%
) )
1 1043 1067 -024 227 18 191.35 182'8 866 452
2 2214 1366 847 3827 17 192.18 196'3 413 215
3 2872 2514 358 1248 18 199.30 200'; 145 073
4 37.27 3969 242 649 1° 203.41 205'(1) 160 079
5 4540 4469 071 156 20 217.95 213'? 403 185
6 51.85 5585 -400 771 226.90 228'3 132 058
! 50.92 6346 -354 5901 22 244,48 242'3 209 085
8 7354 7494 -140 191 255.29 255'(2) 009 004
9 9099 9028 071 o078 4 262.43 265'% 271 1.03
10 107,52 108'3 082 o076 % 274.18 268'2 542  1.98
11 119.49 124'% 464 388 20 281.09 278'2 215 076
12 130.92 133'? 298 228 27 284.01 285'3 118 041
13 145.98 142'? 346 237 28 286.65 285'3 147 051
14 161.57 156'3 520 322 29 288.51 289'(1) 059 021
15 172.86 172'2 024 014 39 290.40 293'2 352 121
Table 2 The accuracy test of MGM (1,3) model and MGM (1,3) +AR (3) model (cm)
simulation forecast
MGM(L3) MGM(L3)+AR(3) MGM(L3)  MGM(L3)+*AR(3)
Se 749.34 368.93 1097.71 274.40
p 5.18 2.76 7.44 3.34
A 4.73% 3.50% 5.37% 2.78%
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Figurel Measured curve and fitting curves with MGM (1,3), MGM (1,3) +AR (3)

The analysis results show that the combined model can better fit the original data sequence, and

can reflect the fluctuation trend of the data sequence. Compared with the MGM (1,3) model, the
— 2 —

average residual ¢, residual sum of squares Ze and the average relative errors A of MGM
(1,3) +AR (3) model are significantly reduced. The fitting precision of the combined model is
greatly improved. At the same time, the combination model embodies the effect of random
fluctuations in the data sequence

5. Conclusion

In this paper, the theory of combined forecasting model is systematically expounded and
analyzed. By collecting the settlement and deformation data of pile foundations, a combined model
of the advantages of comprehensive single models is established, which improves the accuracy of
model fitting prediction.

The weight combination model of MGM (1,3) and AR (3) has the advantages of two models of
grey model and time series model at the same time.lt can reflect the influence of the random
fluctuation of the data sequence and the trend of the change of the data sequence. These advantages
and characteristics cannot be expressed in the single item model. Compared with the single model,
the prediction accuracy and fitting accuracy of the combined model are significantly improved. The
medium and long term prediction accuracy of the combined model is slightly lower, but the
short-term prediction accuracy is high. At the same time, influenced and restricted by the single
model, if the precision of the single model is low, the precision of the combined model is lower.

MGM (1,3) +AR (3) combination model can consider the influence of random fluctuation of data
sequence, and also can reflect the trend of development and change of data series. The accuracy of
combined model prediction and fitting is higher than that of MGM (1,3) model.
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