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Based on the MEPDGmethod, the operation process of MEPDG was analyzed and the MEPDG correction method applied to the
remaining life prediction of airport pavement was obtained. According to the theory of structural reliability, the performance
function of airport pavement was obtained based on the limit state equation represented by flexural stress. Considering the
characteristics of airport cement concrete pavement design, the calculation formula of the number of allowable load actions was
obtained based on reliability by NCHRP126 fatigue equation without considering the temperature stress when the flexural fatigue
strength of pavement plate cement concrete was less than 1.25 times of the design strength. Based on the actual situation of local
civil airport runways in Henan Province, the proposed MEPDG correction method was used to analyze the flexural stress of the
actual operating airport runway pavement at 95% reliability level based on themechanical numerical model of airport runway, and
the number of allowable load actions of three aircraft models was obtained. Given the impact of pass-to-coverage ratio P/C, the
cumulative damage factor CDF of the major aircraft models was calculated; the annual average growth rate of different aircraft
models in the airport pavement evaluation stage was obtained based on the trend extension method. According to the predicted
average annual cumulative damage, the remaining life of pavement was predicted. Compared with the actual conditions of the
airport, the remaining life predicted in this paper was consistent with the actual life, which verifies the effect of the prediction of
the remaining life of airport runway considering the impact of reliability and damage accumulation.

1. Introduction

In the mid-20th century, the airport management de-
partment for the airport runway only proposed “a pal-
liative rather than a cure” for the operation and
maintenance. In the early 10 years of the 21st century, the
airport management department cast away the passive
postmaintenance and adopted the preventive mainte-
nance, a more active maintenance, to reduce the fre-
quency of damage. Preventive maintenance is a time-
based maintenance, but it will cause runway maintenance
in an uneven manner: the consistent maintenance cycle
will lead to unnecessary maintenance in some pavements
but improper maintenance in other pavements. Also, the

preventive maintenance is up to the expertise of tech-
nicians and is the lack of data support.

Currently, predictive maintenance (PdM), which
emerges in many sectors, especially industry, is a typical way
of intelligent maintenance. As a data-driven maintenance
mode, it is an integration of sensor technology, signal
processing technology, reliability analysis, statistics, ma-
chine learning, and other methods for determining potential
diseases, which lays a foundation for a more reasonable and
effective maintenance plan [1] Remaining Service Life (RSL)
can be used by civil engineers to schedule maintenance
times, optimize operational efficiency, and avoid unplanned
stops. +erefore, predicting RSL should be prioritized in the
predictive maintenance.
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+erefore, in this paper, the remaining life prediction
method of the airport runway was analyzed. +e operation
process of MEPDG was analyzed and summarized, and the
MEPDG correction method was applied to the remaining
life prediction of the airport runway. MEPDG provides
technical support for the maintenance decision of airport
runway and also provides reference for reasonable allocation
of limited operation and maintenance funds in the airport
management department [2].

2. Current Research Studies on the Remaining
Life Prediction of Airport Pavement

+e input in the RSL prediction model is the state indicator
of airport runway. +e features are taken from the moni-
toring sensor data or daily maintenance data, and behavior
changes with runway performance degradation or usage
state changes, but the changes can be predicted based on the
model. RSL prediction methods applied to predictive
maintenance can be divided into three categories: similarity
prediction, performance degradation model prediction, and
survival curve prediction methods.

At present, as a representative method, the similarity
prediction method is the constrained polynomial regression
model proposed by American scholar Shahin [3].+is model
is very practical. It has been incorporated into the Micro-
Paver system [4] and has been widely used in countries
around the world. In addition, the two-parameter nonlinear
model created by Chinese scholar Sun Lijun is widely used in
China [5]. At the same time, many researchers have studied
the similarity prediction methods [6–9].

To study the performance degradation model based on
the prediction method for the remaining life prediction of
airport runway, most scholars at home and abroad fit a
general fatigue equation using the site or laboratory data
from performance degradation equation of a linear or ex-
ponential function.+en, they use the fatigue equation as the
performance degradation model for predicting the future
performance degradation process of airport runway, to
further predict the remaining life of airport runway. For
example, Ji and Sheng [10] took the design program
FAARFIELD [11] as the analysis tool and predicted the
remaining life of pavement using data by FAARFIELD with
the back-calculated airport concrete pavement modulus as
the prediction index. Taking the cumulative damage as the
status indicator, Zhao et al. proposed the estimation method
for the remaining life of flexible airport pavement and
carried out case analysis [12].

Lytton applied the survival curve in highway engineering
[13]. According to Lytton, the survival curve is mostly used
for design of pavement maintenance and reconstruction
scheme in the road network. In the performance prediction
for a single section, the distribution function (i.e., survival
function) is used to conduct life analysis and prediction
based on preset pavement performance. Mishalani and
Madanat [14]; Yang et al. [15]; and Kobayashi et al. [16]
conducted a survival curve analysis according to the data of
pavement performance failure, cracks in reinforced concrete
bridge deck, and full cycle life cost of pavement and pointed

out that the survival curve prediction analysis may be fea-
sible for pavement engineering.

Based on the above analysis, as the remaining life
prediction of airport pavement is quite complicated,
scholars at home and abroad used different methods to
predict the changes of pavement performance, or
established suitable statistical prediction models based on
the survey results of pavement performance. However,
most of the methods failed to take the actual maintenance
of pavement into consideration and the model only had
the theoretical significance rather than could be appli-
cable to the actual service pavement. Also, they failed to
consider the reliability of service pavement and the
impact of damage accumulation. In fact, there are many
factors that affect the service life of airport runways, such
as airport flight traffic loading, runway structural char-
acteristics, and the level of field maintenance technology,
all of which affect the remaining service life of runways.
+erefore, this paper proposes a prediction method that
can be used in practical engineering projects to address
the effects of airport flight traffic load, runway structural
characteristics, and maintenance technology level on the
remaining service life.

3. MEPDG Correction for the Remaining Life
Prediction of Airport Runway

3.1. Operation Process of MEPDG. Mechanistic-Empirical
Pavement Design Guide (MEPDG) aims to provide a design
and analysis method for newly built and repaired pavements
based on the mechanistic-empirical principle [17].

+e design method in MEPDG includes three phases.
+e first phase is to develop input values. +e design re-
quirements objectives are identified, basic analysis is con-
ducted, and the characteristics data are taken as input,
including the data for pavement material, the characteristics
data of traffic, and the hourly climate data of weather station
(temperature, precipitation, solar radiation, cloud cover, and
wind speed). In the second phase, structural and perfor-
mance analysis is conducted. An initial test design value is
chosen and analyzed based on the relationship model be-
tween pavement response and damage (generally an ex-
pression over time). +e output of the analysis is the
cumulative damage and flatness over time. Based on the
iteration, the predicted performance with the design indi-
cators of multiple predicted damages has been compared
until all the design indicators meet the specified reliability
requirements, and the required pavement can be obtained.
+e third phase is to evaluate the structurally feasible al-
ternatives, such as engineering analysis and life cycle cost
analysis.

3.2. Flowchart ofMEPDGCorrection. Given the reliability of
runway, the pass-to-coverage ratio (P/C) of aircraft model,
and the cumulative damage of airport runway, MEPDG
correction was needed for predicting the remaining life of
airport runway. +e flowchart of MEPDG correction is
shown in Figure 1.
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3.3. Analysis of the Strength Reliability of the Cement Concrete
of Airport Runway Pavement. According to the Specification
for Design of Highway Cement Concrete Pavement, and based
on the structural characteristics of airport runway pavement,
its strength reliability was explained as follows: based on the
specified time and conditions, the actual probability that
pavement played a specific function was obtained, as shown
in the following formula [18]:

Pr � P σpr + σtr ≤frm , (1)

where Pr was the reliability achieved by the pavement; σpr

meant the fatigue stress of the pavement plate under the
action of aircraft load (unit: MPa); σtr meant the flexural
stress of pavement plate caused by temperature; and frm

referred to the standard value of flexural-tensile strength of
cement concrete (unit: MPa).

+e corresponding function was obtained based on the
limit state equation corresponding to the flexural-tensile
stress, which was shown in the following formula:

Z � frm − σpr + σtr . (2)

In this paper, the strength reliability of cement concrete
of airport runway pavement needed to follow Formula (2).
As the temperature and fatigue stress of cement concrete
were closely related to the fatigue stress of aircraft load, the
interference theory had nothing to do with and cannot help
solve the strength reliability. In this paper, the control failure
mode was assumed to remain constant and then a reliability
analysis was conducted. According to the Specification for
Design of Highway Cement Concrete Pavement and based on
the different airport cement concrete pavement design and
the literature proposed by Cai [19], lg (N) was obtained, as
shown in the following formula by NCHRP126 fatigue
equation:

lg(N) �
−1.7136e + 4.284 e> 1.25

2.812e
− 1.2214

e≤ 1.25

⎧⎪⎨

⎪⎩
, (3)

e �
frm

fcm
, (4)

whereNwas the number of coverages at 50% pavement plate
cracking, namely, the fatigue life of pavement plate; e re-
ferred to the stress ratio; frm was the flexural-tensile fatigue
strength of concrete; and fcm meant the concrete design
strength of pavement.

To make the calculation procedure simple and easy to
use, the fatigue equation for temperature stress was not
considered in the analysis of fatigue life.

According to the design documents and the design
specifications, the flexural-tensile fatigue strength of the
concrete of pavement plate usually shall be less than 1.25 fcm
under aircraft load and temperature.+e formula of frm was
obtained by Formula (4), shown as follows:

frm � fcm ·
2.812
lg(N)

 

0.8187

. (5)

By substituting Formula (5) into Formula (2), the per-
formance function Z was transformed into the following
formula:

Z � fcm ·
2.812
lg(N)

 

0.8187

− σpr. (6)

3.4. Calculation Principle behind the Cumulative Damage of
Airport Runway. According to studies, aircraft wheel track
is almost distributed in a normal manner when the aircraft

Note: P/C in the figure was the pass-to-coverage ratio, and CDF was the cumulative damage factor.

Remaining life prediction

Mixed aircraft traffic volume Determine the reliability of pavement strength

Calculate the
P/C of operating aircraft

Calculate the
CDF of operating aircraft 

Solve the maximum stress
of plate edge by mechanical analysis 

Calculate the number of allowable load actions
of operating aircraft 

Determine the CDFmax

Solve the remaining life 

Annual operating sorties of the ith aircraft × remaining life
Traffic coverage rate of the ith airplane × the number of allowable load actions of the ith aircraft

1-CDFmax i=1

m
=

Figure 1: Flowchart of MEPDG correction for the remaining life prediction of airport runway.

Advances in Materials Science and Engineering 3



takes off and lands. A pass of the aircraft wheel through the
maximum stress point on the pavement was called a cov-
erage. +e ratio of the number of passes required to apply a
full load on the pavement of unit area was expressed as the P/
C.

+e statistical analysis was conducted on the distribution
data of measured aircraft track, and the number of coverages
was calculated based on the P/C of aircraft on the pavement.
Figure 2 (schematic diagram of the calculation of P/C) shows
the area between f (x) and x axis; that is, the number of
coverages during the actual operating of aircraft was equal to
l, and the area of Wt was CxWt. +us, the calculation for-
mula of the P/C of single-wheel aircraft was as follows [20]:
where P/C was the pass-to-coverage ratio; Cx referred to the
track probability density of operating aircraft at x coordi-
nate; and Wt meant the effective tire contact width of air-
craft, which was selected based on the design parameters of
aircraft.

P

C
�

1
CxWt

, (7)

In the airport pavement design, Miners law is widely
used to show the linear cumulative fatigue damage, which
can be expressed by the cumulative damage factor (CDF). As
the fatigue life of pavement was expressed as the number of
allowable load action repetitions, the CDF stood for the
fatigue life for pavement that has been used [21]. It was equal
to the ratio of the current number of actual cumulative
actions on the pavement plate and the number of allowable
load action repetitions of the ith aircraft (the number of load
action repetitions till pavement damage).

4. Analysis on Engineering Application Case

+is paper selected the civil Airport A’s runway in Henan for
the case study. +is airport was the Chinese trunk transport
airport and a national first-class aviation port. In 2016, the
passenger throughput of the airport ranked the 15th among civil
airports in China.+e airport was opened to traffic in 1997, and
its south flight area has been used for 22 years in 2017.+e south
runway of the airport was 3,400m long and 45mwide, to grasp
the comprehensive situation of the pavement in the flight area
and learn about the basic information about the recent man-
agement and renovation plan of the area; the airport man-
agement department conducted comprehensive testing on the
pavement of runway, taxiway, and contact surfaces in the south
flight area of the airport in 2007, 2013, and 2017, respectively.
+e department conducted comprehensive analyses of the field
test data to form a high-value database. According to the
remaining life prediction process of airport runway (shown in
Figure 1), the prediction for RSL of Airport Awas established to
verify the feasibility and implementation effect of MEPDG
correction method.

4.1. Calculation on the Number of Allowable Load Actions
Based on the Strength Reliability of Airport Pavement Cement
Concrete. Based on the actual demands and according to the

statistics of Airport A in 2017, the statistical table of the
annual takeoff and landing sorties of operating aircraft at
Airport A is shown in Table 1. According to Table 1, when it
comes to the determination of aircraft load simulation,
Boeing B737-800, Airbus A320, and Boeing B737-700 were
taken into consideration in 2017.

According to the reliability calculation method under
Section 3.3, the distribution type and distribution param-
eters of each input variable need to be defined in the reli-
ability analysis model. Based on the literature proposed by
Zhang [22] and Gao [23], and given the actual conditions of
airport runway, the actual thickness of pavement plate, the
response modulus of base course, the flexural-tensile design
strength, and flexural-tensile modulus of surface course
concrete were determined as the random variables of airport
runway in this paper. +e following showed the determi-
nation of the statistical properties of the random variables.

4.1.1. Determination on the Actual 9ickness of Cement
Concrete Pavement Plate. +e radar detection of pavement
was adopted to measure the thickness of surface layer of
south runway pavement. +e radar detection results of
typical section are shown in Figure 3. +e measured
thickness of surface course of south runway pavement is
shown in Table 2.

Based on Table 2, the measured thickness of surface layer
of both ends of south runway pavement exceeded 37.5 cm,
fully meeting the requirement for design thickness. Based on
this table, the mean thickness of surface layer of south
runway pavement was determined to be 38 cm, and the
coefficient of variation was 0.03 in this paper.

4.1.2. Determination on the Modulus of Base Reaction.
+is paper adopted an HWD for the detection around the
center of the plate. Based on the obtained HWD data and the
actual pavement structure, the modulus of subgrade reaction
was calculated. +e back-calculated results are shown in
Table 3.

0.5Wt 0.5Wt

fx

Cx

x0

Figure 2: Schematic diagram of the calculation of P/C.
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+e pavement foundation comes from the compacted
pavement bed soil, and the pavement foundation modulus is
often affected by the material properties. It is worth noting that
the environmental factors directly affect the performance of the
pavement foundation, and the significant differences in soil
quality also directly affect varied characteristics of pavement
foundation. Considering the above factors and the variation
coefficient in the literature proposed by Li [24], the variation
coefficient of the modulus of base reaction was set as 0.3.

4.1.3. Determination on the Flexural Strength and the Elastic
Modulus of Airport Runway Cement Concrete. +e sampling
scheme of pavement core was as follows: in the south runway,

a total of 18 core samples were drilled alternately every 180m
along both sides of the centerline.+e drilled cement concrete
core samples shall be subject to the splitting tensile strength
test according to theTechnical Specification for Construction of
Cement Concrete Surface of Civil Airport. +e test results of
the drilled cement concrete core samples are shown in Table 4.
+e section structures of typical cement concrete core samples
after the test are shown in Figure 4.

According to Table 4, the mean of the flexural strength of
cement concrete of runway pavement surface course was
5.78MPa, and the coefficient of variation was 0.15; the mean
of the flexural elastic modulus was 38,537.77MPa, and the
coefficient of variation was 0.09. Given the fact that the
airport pavement cement concrete has been used for nearly

Table 1: Statistical table of the annual takeoff and landing sorties of operating aircraft of Airport A.

Aircraft Annual takeoff and landing sortie Annual takeoff and landing ratio (%) Notes
B737-800 38121 51.40 Main model
A320 17425 23.50 Main model
B737-700 4223 5.70 Main model
A319 3493 4.70

Secondary models, with ratio less than 5%

B737-300 2135 2.90
A321 2004 2.70
ERJ-190 1679 2.30
B747-400 1211 1.60
MA60 870 1.20
Others 3064 4.10

Cracking of top surface of base  
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Figure 3: Radar detection results of typical section.

Table 2: Comparison between the measured thickness of runway pavement surface layer and the design thickness.

Section Position (m) Number of sample
(pcs)

Full-thickness mean
(cm)

Standard deviation
(cm)

Representative value
(cm)

Design value
(cm)

South
runway

0–500m 500 38.18 1.32 38.08 38
500–2900m 2400 34.01 1.79 33.95 34
2900–3400m 500 38.06 1.7 37.93 38

Table 3: Calculation table of the modulus of the subgrade reaction and the base reaction of south runway pavement.

Zone (m) Modulus of subgrade reaction (MN/
m3)

Equivalent thickness of base course
(cm)

Modulus of base reaction (MN/
m3)

Runway
0–500 58 48 104

500–2900 52 48 100
2900–3400 47 48 95
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20 years and for the sake of design safety, the mean of the
flexural strength of cement concrete of runway pavement
surface course was set as 4.50MPa, and the coefficient of
variation took 0.15.

4.1.4. Number of Allowable Load Actions of the Cement
Concrete Runway of the Operating Airport. According to
the calculation method of reliability under Section 3.3

mentioned above, the distribution parameters of input
variables were defined. +e thickness of surface course,
the strength and modulus of surface course, and the
modulus of base reaction were regarded as random var-
iables. Except for the distribution of the modulus of base
reaction which was in logarithmic normal distribution,
the other random variables tended to be in normal
distribution.

Table 4: Tensile strength test results of the cement concrete core samples of runway pavement.

Core sample
no.

Test piece diameter (mm)/
height (mm)

Failure load
(kN)

Splitting strength
(MPa)

Flexural strength
(MPa)

Flexural elastic modulus
(MPa)

1# 147.5/203 139.807 2.97 4.82 34342.65
2# 147.5/198 161.641 3.52 5.59 37922.91
3# 147.5/199 197.105 4.27 6.62 42192.64
4# 147.5/201 175.513 3.77 5.93 39387.19
5# 147/301 211.352 3.04 4.92 34811.10
6# 147.5/299 279.592 4.04 6.3 40901.97
7# 147.5/302 202.168 2.89 4.71 33763.08
8#∗ 147/301 285.587 4.11 6.4 41302.77
9# 146.5/299 201.403 2.93 4.76 34027.75
10# 147/300 262.883 3.79 5.97 39539.02
11# 148/298 303.461 4.38 6.76 42743.19
12# 148/297 337.33 4.89 7.44 45241.95
13#∗ 148/301 324.969 4.64 7.12 44075.51
14# 147.5/298 307.293 4.45 6.86 43104.91
15# 148/298 283.163 4.09 6.37 41184.52
16# 147.5/300 236.735 3.41 5.43 37193.95
17#∗ 147.5/298 194.210 2.81 4.6 33220.36
18# 148/302 224.617 3.2 5.14 35868.57

Mean (MPa) 5.78 38537.77
Standard deviation (MPa) 0.84 3605.52

Representative value at 95% guarantee rate (MPa) 5.39 36897.26
Note. +e 8 #, 13 #, and 17 # core samples were not completely split, so their data were discarded in this calculation.

(a) (b)

Figure 4: Section structures of typical cement concrete core samples after the splitting tensile strength test. (a) Core sample # 7. (b) Core
sample # 12.
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+e semirigid base of that airport runway pavement is
likely to crack and lead to the damage of the base. At the
same time, the coefficient of variation will increase. +ese
problems generally occur in the early stage of the runway.
+erefore, the random variables of runway were set
according to the actual detection values described above.
Based on the literature proposed by Guo [25] and Gao [26],
the appropriate interval for coefficient of variation was set;
the scientific and effective quality control was generally
made on the surface course during construction; the base
showed significant deformation.+e mean and coefficient of
variation of the random variables are shown in Table 5.

Take the load of twin-wheel B737-800 as an example.+e
load was distributed in the middle of the cross-seam edge of
pavement plate because of the spacing of wheels. Based on
the target reliability of II, III, and IV airports in the literature
proposed by Li [27], the target reliability was set to 95%. By
inputting the target reliability into the numerical analysis
program, the allowable action times of B737-800 aircraft
acting on the pavement were calculated. +e specific results
are as follows.

In general, the response surface method for reliability
analysis does not experience many cycles and can be ana-
lyzed in low probability. +e fitting coefficient can represent
the approximation between the actual response values, and
can inform the users to update the definition parameters
with the poor effect of the fitting of approximate function, so
it is ideal for parallel processing. +us, when calculating
reliability, this paper used the Box–Behnken matrix sam-
pling of response surface method for analyzing probability
[28]. +e precision test of response surface followed the
formula as [29]

R
2

�


n
i�1 yi − y( 

2


n
i�1 yi − y( 

2, (8)

where yi was the calculation value of response surface
model; yi referred to the true value (calculation result of
finite element analysis); and y was the average value cor-
responding to true value. R2 ranged from 0-1. If R2 was large,
the regression model will be more fit with the actual case.

Based on the square response surface regression results,
the comparison between the response surface estimation
value and the finite element true value was made, as shown
in Figure 5. As can be seen from Figure 5, except for the
individual data points, the other data points were distributed
near the 45° line, which indicated that there was good fitting
between the response surface estimation value and the finite
element true value.

For the response surface functions that have been fitted,
the Monte-Carlo method was used for 10,000 times of
sampling and a series of performance function corre-
sponding to the sampling value distribution diagram was
obtained (see Figures 6 and 7 for details). Due to the limited
space, the following only listed the figure of performance
functions during the B738 load action.

As can be seen from Figures 6 and 7, sampling based on
the response surface function will achieve excellent con-
vergence.+us, the number of samples was set to 104 to meet

the preproposed reliability standard. At this point, the failure
probability reached Pf � 5.412 × 10− 2, and z at 95% target
reliability was 0.476Mpa. By substituting it into Formula (5),
the number (N) of allowable load actions of B738 meeting
95% target reliability was 133,195. Similarly, 4,175,184 times
of allowable load actions of A320 and 477,806 times of al-
lowable load actions of B737-700 met 95% target reliability,
respectively.

4.2. Calculation of Airport Pavement CDF and the RSL Pre-
diction Based on P/C. As mentioned above, the B737-800,
A320, and B737-700 were the major aircraft of Airport A
since the calculation of CDF needed the number of cov-
erages of aircraft loads, which must be converted through
the takeoff and landing sorties of different aircraft by means
of P/C. So, separate calculation was required for the major
aircraft of Airport A. Because the runway cumulative
damage factor CDF is calculated based on the number of
aircraft load coverage, and the number of aircraft load
coverage needs to be converted by the number of takeoff and
landing sorties of different aircraft types through the P/C of
traffic coverage, it needs to be calculated for the main aircraft
types of Airport A, respectively.

Based on the theoretical analysis under Section 3.4 afore-
mentioned, given the B738 parameters, the main landing gear
spacing of single-wheel B738 was set to TW, and then the wheel
track status of its left and right wheels was determined. If TW
was less than or equal to the passage width of aircraft pavement,
the tracks of the left and right wheels did not coincide. In this
process, the main landing gear spacing was 5.72m, the wheel
spacing was set to 0.86m, and the standard deviation in the x
direction took 0.775m according to the data from Federal
Aviation Administration (2012). +e distribution function for
the wheel track curve of the main landing gear spacing of B738
was as follows:

F(x) �
1

0.775
���
2π

√ e
− 1/2(x+3.29/0.775)2

+
1

0.775
���
2π

√ e
− 1/2(x+2.43/0.775)2

.

(9)
+rough calculation, when x� 2.86m, the maximum

function value was 0.8827, the wheelmark width reached
0.296m, and the P/C was about 3.83 based on Formula (7).

According to the above methods, the P/C of A320 and
B737-700 was calculated and the results are summarized in
Table 6. According to the number of allowable load actions
for various aircraft calculated under Section 4.1, the CDF of
themajor aircraft can be calculated based on the actual traffic
volume of Airport A in 2017, as shown in Table 6.

In this paper, the annual average growth rate of different
aircraft models in the airport pavement evaluation stage was
0.20 based on trend extension method. In this way, the number
of annual aircraft operations in future can be estimated and the
cumulative pavement damage can be calculated (see Table 7 for
details). Given the predicted average annual cumulative damage
of 0.2568 and the remaining fatigue strength of 0.2958, the
remaining life of pavement was predicted to be 0.2958/
0.2568�1.15 years. +e Airport A has been shut down for
maintenance and renovation in 2019, which was consistent with
the remaining life predicted in this paper.
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Table 5: Mean and coefficient of variation of the random variables.

Random variable Surface thickness Flexural strength Modulus of surface course Modulus of base reaction
Mean 0.38m 4.5MPa 38.54GPa 100MPa
Coefficient of variation 0.03 0.15 0.09 0.3
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Figure 5: Comparison between the response surface estimation value and the finite element true value (B738).
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Figure 6: Sampling value distribution diagram of performance function Z (B738).
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Table 6: Summary on the P/C and CDF of different aircraft.

Airplane B737-800 A320 B737-700
Tire contact width Wt (m) 0.296 0.235 0.287
Value of x 2.86 3.8 2.86
Maximum probability function value F (x) 0.8827 0.9071 0.8827
Pass-to-coverage ratio P/C 3.83 4.69 3.95
Number of allowable load actions 133195 4175184 477806
Number of actual cumulative coverages 91584 34186 9837
CDF 0.6876 0.0082 0.0085
Sum of cumulative fatigue consumption of each model CDF 0.7042
Remaining fatigue strength of pavement 0.2958

Table 7: Prediction for the annual average cumulative damage of different aircraft models.

Airplane B737-800 A320 B737-700
Number of annual average operations in future 125737 57474 13929
Pass-to-coverage ratio P/C 3.83 4.69 3.95
Number of annual repeated actions 32830 12255 3526
Maximum number of allowable actions 286719 96762 1162864
Fatigue consumption 0.2465 0.0029 0.0074
Sum of the fatigue consumption of each model 0.2568
Note. +e data in the table were those predicted of an airport in 2017.
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5. Conclusions

In this paper, the remaining life prediction method of
airport runway was analyzed. +e operation process of
MEPDG was analyzed and summarized, and the MEPDG
correction method was applied to the remaining life
prediction of the airport runway. Since the airport
runway was different from the expressway, the reliability
calculation method of finite element numerical analysis
was used to deal with the design stress of pavement plate
edge that met 95% target reliability. +e remaining life of
airport runway was analyzed based on the actual data
from the MEPDG correction method. +e main con-
clusions were as follows:

(1) According to the theory of structural reliability,
the performance function of airport pavement was
obtained based on the limit state equation rep-
resented by flexural stress; the calculation formula
of the number of allowable load actions can be
obtained based on reliability by NCHRP126 fa-
tigue equation without considering the tempera-
ture stress when the flexural fatigue strength of
pavement plate cement concrete was less than
1.25fcm.

(2) +is paper selected a runway of the civil airport in
Henan as the application case and adopted the
MEPDG correctionmethod.+e flexural stress of the
actual operating airport runway pavement at 95%
reliability level was analyzed based on the me-
chanical numerical model of airport runway, and the
number of allowable load actions of three aircraft
models was obtained; given the impact of P/C, the
CDF of the major aircraft models was calculated; the
annual average growth rate of different aircraft
models in the airport pavement evaluation stage was
0.20 obtained based on the trend extension method.
In this way, the number of annual aircraft operations
in future can be estimated and the cumulative
pavement damage could be calculated. Given the
predicted average annual cumulative damage of
0.2568 and the remaining fatigue strength of 0.2958,
the remaining life of pavement was predicted to be
1.15 years. Airport A has been shut down for
maintenance and renovation in 2019, which was
consistent with the remaining life predicted in this
paper.
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