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Different types of distresses affect cement concrete pavement at different degrees..e determination of dominant distresses of the
pavement preventive maintenance (PM) and its judgement standard can provide corresponding basis for PM decision. In this
paper, 22military airports in Northeast China, such as Heilongjiang Province, Jilin Province, and Liaoning Province, were selected
to collect the data of pavement distresses. Based on the structural equation model (SEM), the structural relationship between the
influencing factors of each distress and the pavement damage was established, and the goodness-of-fit of the model was tested. In
addition, through path analysis, the influence degree of five kinds of latent variables such as joint distress, surface distress, vertical
distress, repair distress, and fracture distress on pavement damage was obtained. Four distresses, such as corner peeling, surface
peeling, surface crack, and interplate slip, were identified as the dominant distresses of PM of cement concrete pavement. On this
basis, a binary classification model of confusion matrix was constructed. .e basic evaluation index, receiver operating char-
acteristic (ROC) curve, and Kolmogorov–Smirnov (KS) curve were used to comprehensively determine the judgement standard of
the dominant distresses of pavement PM from multiple evaluation angles (corner peeling rate≤ 35%, surface peeling rate≤ 30%,
surface crack rate≤ 8%, and interplate slip rate≤ 0.5%). .e judgement standard can be combined with the corresponding
prediction model to determine the optimal timing of PM of cement concrete pavement and provide pavement maintenance
managers with the support of decision-making.

1. Introduction

.e cement concrete pavement of the airport will produce
various distresses in the use process inevitably. .e
distress will be aggravated by the combined action of
wheel load and environment, leading to gradual atten-
uation of pavement performance, the accelerated damage
of the aircraft, and the increased risk of flight safety [1].
Preventive maintenance (PM) is an advanced, scientific,
and efficient conservation concept. It refers to the rea-
sonable and planned implementation of corresponding
conservation measures for existing pavement systems
under the premise of a good pavement conditions, so as to
achieve the purpose of delaying the attenuation of
pavement performance and maintaining or improving

the pavement function. It has achieved a good applica-
tional effect in the field of highway asphalt pavement.
However, at present, the maintenance and management
technology of military airport pavement is still relatively
backward. PM has not been promoted and applied in the
management of military airport pavement effectively.
One of the important reasons is the lack of scientific and
reasonable judgement standard that can guide the
implementation of PM quantitatively. .erefore, it is
necessary to thoroughly reveal the relationship of cement
concrete pavement distress, analyze the influencing
factors of pavement damage, and establish a scientific and
quantifiable PM judgement standard according to the
characteristics and maintenance requirements of cement
concrete pavement of military airport.
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At present, domestic and foreign scholars have per-
formed a lot of research on the judgement standard of
preventive maintenance [2–8]. Based on the types and
characteristics of early distresses of asphalt pavement, Li
et al. proposed the evaluation index system of preventive
maintenance of asphalt pavement with the expert scoring
method [9]. Wang et al., aiming at the lack of specific
evaluation standard for preventive maintenance, studied the
relationship among distresses, and defined the range of
performance indexes for preventive maintenance of asphalt
pavement [10]. According to the evaluation standard of
preventive maintenance of expressway asphalt pavement,
Zhang explored and defined the critical value range of key
indicators of pavement performance [11]. Fan et al. pro-
posed a comprehensive evaluation model, which combined
the evaluation indexes of pavement and the material per-
formance in the domestic technical specifications for pre-
ventive maintenance of asphalt pavement [12]. Yu et al.
proposed and demonstrated a method to evaluate the
microsurface treatment of asphalt pavement based on the
grey system model and grey relational degree theory and
obtained the critical value of the microsurface treatment of
pavement distresses [13]. Loprencipe and Zoccali used BBI,
IRI, and ProFAA simulation models to evaluate the
roughness of the real runway profile and explained the
different effects of the results they provided on the airport
pavement management. .e type and scope of interventions
that can restore runway flatness were correctly defined [14].
Vu-Bac et al. provided a sensitivity analysis toolbox com-
posed of a set of Matlab functions, which is used to quantify
the influence of uncertain input parameters on the output of
an uncertain model. It is of great significance to defining the
weights of the assessment criteria [15].

According to the analysis of the PM standards in
China and abroad, at present, the PM standards mainly
focus on the highway asphalt pavement. .ere are few
studies on airport pavements, even less on cement con-
crete pavements, and rare on cement concrete pavements
in military airports. .e majority of researchers adopt
qualitative or semiquantitative methods to determine the
PM standards, while few studies adopt quantitative
methods to accurately calculate the PM standards. .e
objectives of the current study are as follows: (1) deter-
mine the influencing factors affecting the pavement
damage of the military airport in the seasonal frozen area
and categorize the factors into groups; (2) establish a
structural equation model (SEM) to describe the rela-
tionship between pavement damage and the influencing
factors; (3) evaluate the effect of each influencing factor
and determine the dominant distresses of pavement PM;
(4) establish the confusion matrix model to classify the
judgement results; and (5) according to the ROC curve
and other evaluation indexes, determine the judgement
standard of the dominant distresses of pavement PM
comprehensively.

As a statistical data analyzing tool, not only can SEM
analyze the complex structural relations among latent var-
iables but it also estimates the factor structure and factor
relations. In addition, the measurement error can be

analyzed and processed to estimate the fitting degree of the
whole model [16, 17]. Lu and Kang established a structural
equation model to explore the interrelationship of organi-
zational factors in management projects and obtained the
positive influence of the project diversity and the interde-
pendence of project complexity [18]. .e confusion matrix
model is a common model to evaluate the performance of
the classifiers. It contains rich information about intraclass
aggregation and interclass dispersion. It can describe the
relationship between the real attributes of sample data and
the types of recognition results [19, 20]. Sisodia and Sisodia
built a confusion matrix model to solve problems such as the
complicated process of diabetes recognition and predicted
the probability of people developing diabetes by evaluating
indexes such as accuracy and recall rate [21].

In conclusion, SEM and the confusion matrix model
have good applications in exploring the complex structural
relations among variables and predicting the threshold of
variables. .erefore, on the basis of referring to the existing
achievements, this paper establishes SEM to clarify the re-
lationship among cement concrete pavement distresses and
quantitatively determine the dominant distresses of PM of
military airport pavement. On this basis, the confusion
matrix model is constructed. .e basic evaluation index,
ROC curve, and KS curve are used to determine the
judgement standard of the dominant distress of pavement
PM, so as to provide the corresponding basis for quantitative
guidance of PM implementation and provide pavement
maintenance managers with the support of decision-
making.

.is paper attempts to develop two new mathematical
models (structure equation model and confusion matrix
model) and apply them to the relationship among pavement
distresses, which has not been performed by previous re-
searchers. .e research area of this paper is 22 military
airports in the seasonal frozen area. By now, no one has
studied the relationship among the distresses of the military
airports in the seasonal frozen area and has determined the
dominant distress of PM of cement concrete pavement and
its judgement standard. .rough the analysis of the solution
results of the structural equation model and confusion
matrix model, it is found that the fitting degree conforms to
the recommended value, which verifies the research hy-
pothesis proposed in this paper. .e research results of this
paper have the military application value. .is paper
quantitatively analyzes the relationship between the distress
and the pavement, identifies the dominant distress of PM of
cement concrete pavement and its judgement standard, and
determines the key content of the maintenance of military
airport pavement. It can greatly improve the service life of
the pavement and lay a foundation for ensuring the safe
take-off and landing of the military aircraft.

.e rest of the paper is organized as follows. Section 2
introduces the data sources, methodological overview, and
approach based on SEM and the confusion matrix model.
Section 3 introduces the principle of the SEM, analyzes the
relationship among the cement concrete pavement distresses
by constructing SEM, and quantitatively determines the
dominant distresses of PM of the pavement. In Section 4, the
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confusion matrix model is constructed, and the judgement
standard of the dominant distress of pavement PM is de-
termined by the basic evaluation index, ROC, and KS curve.
Conclusions are presented in the final section.

2. Materials and Methods

2.1. StudyArea. With the vast territory of China, the natural
conditions in different regions are different. .erefore, it is
necessary to study the dominant distress and its judgement
standard of the PM of the cement concrete pavement of the
military airport according to different regional conditions.
.e seasonal frozen area in China has a wide distribution
and many types, accounting for more than 50% of the total
land area in China. A large number of military airports are
located in the seasonal frozen area. Due to the complexity of
natural conditions in the seasonal frozen area, the variety of
damage forms and the complexity of deterioration factors of
the surface performance are caused. To study the relation-
ship of cement concrete pavement distress of military air-
fields in the seasonal frozen region and then determine the
dominant pavement distress and its judgement standard of
PM, this paper investigated military airfields in the seasonal
frozen region of Northeast China, such as Heilongjiang
Province, Jilin Province, and Liaoning Province. 22 airports
(No. 1–22, the distribution is shown in Figure 1 [22]) were
selected as sample airports, and relevant pavement distress
data were collected.

As can be seen from Figure 1, all sample airports are
within the scope of the northeast seasonal frozen area.
Most of the sample airports are concentrated in the
southeast of the northeast seasonal frozen area, among
which there are a large number of sample airports in
Liaoning and Jilin Provinces with a relatively dense dis-
tribution. .ere are four sample airports in Heilongjiang
Province and one in eastern Inner Mongolia. Among
them, No. 19 and No. 22 are alternate airports, and the rest
are common airports. No. 4, 5, 10, 16, 17, 18, and 21 are
civil and military airports. It can be seen that the type and
distribution range of the 22 sample airports selected in
this paper are reasonable and fully representative.

2.2. Methods. .e survey data were sourced from 22
sample airports in the northeast seasonal frozen area,
including the types and causes of pavement distresses in
military airports over the years. Questionnaire survey and
face-to-face interview were conducted for airport staff.
.e questionnaire contained two parts: basic personal
information and cement concrete pavement damage in-
formation. .e first part is the basic personal information,
including gender, age, educational background, occupa-
tion, and position. In order to ensure the professionalism
and effectiveness of the collected questionnaire data, 60%
of the total respondents are technical personnels engaged
in pavement maintenance, and they have more than 5
years of work experience. .e administrative leadership of
the pavement maintenance department accounts for 20%,
and they are familiar with the pavement conditions of the

airport. Pilots account for 20%. .ey are users of the
pavement, and they know more about the wear of the
plane on the pavement. Obtaining data from them is more
in line with the actual situation of the airport pavement.
.e second part is information of influencing factors of
cement concrete pavement damage (main distress types of
pavement damage and corresponding specific distresses).
.e questionnaire also included some open-ended
questions, such as whether there was currently a judge-
ment standard in PM of pavement, and if so, what was the
basis.

.e researchmethod and process of this paper are shown
in Figure 2, which can be divided into two stages:

(i) Stage 1 (analyze the relationship of pavement
distresses and determine the dominant distress of
PM). First, data collection was carried out to get
the data needed in this study. Second, the SEM and
its basic principle were introduced. .rough the
questionnaire survey, variable analysis, and re-
search hypothesis, the model was constructed and
solved. Furthermore, the model fitting index test
and path analysis were carried out to determine
the dominant distress in PM of cement concrete
pavement.

(ii) Stage 2 (determine the dominant distress judgement
standard). .e basic principle of the confusion
matrix was introduced, and the model was con-
structed. In addition, the basic evaluation index, the
ROC curve, and the KS curve were used to com-
prehensively determine the judgement standard of
the dominant distress of pavement PM from mul-
tiple evaluation angles.

3. AnalysisofDominantDistresses inPreventive
Maintenance of Cement Concrete Pavement

3.1. Structural Equation Model. Many kinds of distresses
affect the damage of cement concrete pavement, but none
of them can be directly measured. Moreover, the mech-
anism of each distress factor to cement concrete pavement
is complex, which is difficult to deal with by the traditional
multiple regression analysis technology. .e SEM can
establish the relationship between measurement variables
and latent variables. Although the latent variable cannot
be measured directly because of its abstract features, it can
be analyzed by measuring the observed variables. Ob-
served variables can be measured by a questionnaire. In
multivariate statistical analysis, the causal relationship
among variables can be better tested by modeling mea-
surement errors [23, 24]. .erefore, SEM was chosen as
the analytical method in this paper.

A complete SEM model includes a measurement
model and a structural model. .e measurement model
describes the interrelationship between observed variables
and latent variables, while the structural model describes
the relationship among different latent variables [25, 26].
Here, equations (1) and (2) represent the measurement
model, and equation (3) represents the structural model:
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Figure 2: Schematic framework of methodology approach for pavement dominant distress and its judgement standard.

Figure 1: Schematic diagram of sample airport distribution.
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x � Λxξ + δ, (1)

y � Λyη + ε, (2)

η � Bη + Γξ + ζ, (3)

where Λx is the factor load matrix of the exogenous variable
x, ξ is used as a latent exogenous variable, δ is the error
vector of the exogenous variable, Λy is the factor load matrix
of the endogenous variable y, η is an latent endogenous
variable, ε is the error vector of the endogenous variable, B is
the coefficient matrix of latent endogenous variables, Γ is the
coefficient matrix of latent exogenous variables, and ζ is the
error vector.

3.2. Model Construction and Solution

3.2.1. Model Construction. In this study, questionnaires were
distributed to 22 sample airports, and 865 questionnaires were
recovered. Excluding 23 questionnaires with more abnormal
values, a total of 842 valid questionnaires were obtained. After
analysis by SPSS software, Cronbach’s coefficient of the total
questionnaire reached 0.91, which was above the specified value
of 0.8 [27]. It indicates that the questionnaire of this study has a
good overall reliability.

According to the existing theoretical research results and
the data of cement concrete pavement damage in military
airport in the seasonal frozen area obtained through prac-
tical investigation, the following main factors influencing
pavement damage were summarized:

(1) Joint distresses. Cement concrete pavement often has a
large number of joints during construction. .e joint
filler of the newly built airport will gradually age under
the long-term erosion of the natural environment
(especially the freeze-thaw cycle and frost heaving in the
seasonal frozen zone). It is easy to produce problems
such as corner peeling, joint filler damage, and mud
around the joint, so that the joint is a part of the cement
concrete pavement which is prone to damage [2].

(2) Surface distresses. Due to the large temperature
difference between day and night in the seasonal
frozen area, the temperature changes cause thermal
expansion and contraction of the cement concrete
pavement panels, resulting in subtle cold shrinkage
cracks. Under the repeated effects of aircraft loads
and rain, small cracks will deteriorate into big cracks.
Moreover, under the repeated action of the freeze-
thaw cycle, local stress concentration on the pave-
ment causes slight erosion of the surface layer until
significant peeling damage occurs [4].

(3) Vertical distresses. In the seasonal frozen area, due to
the influence of the complex climate, the moisture in
the soil foundation under the pavement in autumn
and winter will migrate under the action of the
temperature gradient. .e water condenses into ice
during freezing, and the volume increases continu-
ously, which leads to the expansion of the soil

foundation. When the frost heaving amount of soil
foundation reaches a certain degree, the slip phe-
nomenon among pavement panels occurs. In spring
and summer, as the temperature field changes, the
ice crystals accumulated in the soil base gradually
melt. .e pore in soil base increases and the bearing
capacity decreases. Under the repeated action of the
aircraft wheel load, the soil foundation sinks and
gradually forms a bottom void. As the season al-
ternates repeatedly, the effects of frost heaving and
sinking are repeated, which will cause the bottom of
the pavement panel to be emptied and staggered [6].

(4) Repair distresses. Repair distresses refer to small
patches and large patches. .e small patch refers to
the repair of the partially damaged surface. .e large
patch refers to a pavement surface that is repaired
after excavation of the original pavement due to the
addition of underground pipelines and other facil-
ities [2].

(5) Fracture distresses. .e airport with serious pavement
damage often has more plate fracture distresses. When
surface distresses such as surface cracks and surface
spalling occur and they are not repaired in time, with
the comprehensive action of water intrusion and load
fatigue, surface distresses continue to exacerbate, cracks
continue to expand and become deeper, and the bearing
capacity of soil foundation under the pavement panel
continues to decline. And all of these lead to distresses
such as plate bottom emptying and slippage. With the
continuous comprehensive action of water intrusion
and load, the structural damage of the pavement, such
as plate angle fracture, plate fracture, and even plate
fragmentation, will eventually occur [7].

.erefore, based on the multilevel features of pavement
damage, this paper divided the factors affecting pavement
damage into five latent variables: joint distress, surface distress,
vertical distress, repair distress, and fracture distress. .e in-
teraction of these five factors will accelerate the pavement
damage and reduce the service life of the pavement. In this
paper, the damage evaluation indicators of cement concrete
pavement of military airport in the seasonal frozen area were
constructed. Joint distress, surface distress, vertical distress,
repair distress, fracture distress, and pavement damage were
selected as the core latent variables of the pavement damage
model. And eight research hypotheses were proposed for the
conceptual model:

(i) Hypothesis 1 (H1): joint distresses have a positive
impact on pavement damage

(ii) Hypothesis 2 (H2): surface distresses have a pos-
itive impact on pavement damage

(iii) Hypothesis 3 (H3): vertical distresses have a
positive impact on pavement damage

(iv) Hypothesis 4 (H4): repair distresses have a positive
impact on pavement damage

(v) Hypothesis 5 (H5): fracture distresses have a
positive impact on pavement damage

Mathematical Problems in Engineering 5



Table 1: Characteristic description and typical legends of pavement distress.

Latent variables Observed variables Feature description Typical legend

Joint distress
(Joi)

Corner peeling (Joi1)
It refers to the damage caused by cutting the plate thickness at an
oblique angle instead of through the plate thickness at the edge and

corner of the plate

Mud (Joi2) Base material is deposited near the joints or cracks

Joint filler damage (Joi3) Under the combined effect of environmental and load factors, the
joint filler loses its elasticity and plugging effect

Surface distress
(Sur)

Surface peeling (Sur1) Spalling, exposed stones, and potholes on the surface of the plate,
which damage the flatness of the pavement surface

Surface crack (Sur2)
.ere are shallow cracks on the plate surface that do not penetrate
the thickness of the plate. .is kind of crack does not affect the

bearing strength of the plate

Vertical distress
(Ver)

Interplate slip (Ver1) Uneven vertical displacements at the joints of adjacent plates

Void at the bottom of
panel (Ver2) Significant plate movements as aircraft wheels pass near cracks

Repair distress
(Rep)

Secondary distress of the
patch (Rep1) Local repairs on the plate

Fracture distress
(Fra)

Plate fragmentation
(Fra1)

It refers to the cracks that run through the thickness of the plate in
the noncorner of the plate, forming more than 4 pieces of broken
pieces, which have completely lost the original bearing capacity

Plate fracture (Fra2)
.ere are cracks in the vertical and horizontal direction that

penetrate through the thickness of the plate. Usually, there are 1 or 2
cracks, which cause the plate to crack into 2 or 3 pieces

Plate angle fracture
(Fra3)

.ere are cracks through the thickness of the plate at the corner of
the plate. .e corner of the plate is broken. .e side length of the

corner is 1/10–1/2 of the plate length, about 50–100 cm

Pavement
damage (Pav) — — —
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(vi) Hypothesis 6 (H6): surface distresses have a pos-
itive impact on vertical distresses

(vii) Hypothesis 7 (H7): vertical distresses have a
positive impact on fracture distresses

(viii) Hypothesis 8 (H8): joint distresses have a positive
impact on fracture distresses

Based on the above hypothesis, the distress types and its
full path diagrams affecting the damage of cement concrete
pavement were obtained, as shown in Table 1 and Figure 3,
respectively. It can be seen from Table 1 that the SEM has a
total of 6 potential variables and 11 observed variables.

3.2.2. Model Solution. Based on the data obtained from the
survey, the database of 842 sample data was established in
SPSS software. At the same time, it was imported into AMOS
software to solve the model. .is paper mainly applied the
path analysis method, analyzed the dominant distress factors
affecting pavement damage, and studied the relationship
among various distress factors and their influencing effects
through path diagram and effect value. .e effect values are
divided into direct effect, indirect effect, and total effect.
Each effect represents different effects among variables. .e
calculated model fitting index is shown in Table 2. .e six
indexes in the table, respectively, reflect the model precision
from different aspects. .rough the analysis of the six types
of commonly used model fitting evaluation index, the model
fitting accuracy in this paper was evaluated.

Generally, absolute fit, incremental fit, and parsimonious
fit are used to judge the fitness of a model. .e model was
measured by different fit indexes. As can be seen from
Table 2, the chi-square/df ratio (χ2/df ) of 2.349 and the
goodness-of-fit (GFI) index value of 0.952 indicate an ac-
ceptable fit of the data. Furthermore, the values of all other
essential indices, including root mean square error of ap-
proximation (RMSEA), comparative fit index (CFI), normed
fit index (NFI), and parsimony goodness-of-fit index (PGFI)

are above their respective threshold values, which strongly
support the satisfactory fit between the measurement model
and the data [17].

Figure 3 shows the influence path of various factors on
the damage of cement concrete pavement. .e direct effect,
indirect effect, total effect, and load matrix of each factor on
pavement damage are shown in Tables 3 and 4, respectively.

3.3.Results andDiscussion. .e influence path and strength of
each factor on pavement damage are analyzed as follows. .e
path coefficients of joint distress, surface distress, vertical
distress, repair distress, and fracture distress are 0.244, 0.337,
0.261, 0.093, and 0.065, respectively, whichmeans that for every
standard deviation (S.D.) of joint distress, surface distress,
vertical distress, repair distress, or fracture distress, the pave-
ment damage will increase by 0.244, 0.337, 0.261, 0.093, or
0.065 S.D. .e positive coefficient indicates that the degree of
pavement damage increases with the increase of joint distresses,
surface distresses, vertical distresses, repair distresses, or
fracture distresses, which supports our research hypothesis 1–5.
.e direct effects of surface distresses on vertical distresses and
joint distresses and vertical distresses on fracture distresses are
0.100, 0.120, and 0.150, respectively. .is supports hypothesis
6–8. In addition, joint distresses, surface distresses, and vertical
distresses have a significant positive impact on pavement
damage, while repair distresses and fracture distresses have a
weak positive impact. .e direct effects of joint distresses and
vertical distresses on pavement damage are 0.236 and 0.251,
respectively. .e indirect effects of joint distresses and vertical
distresses on pavement damage through fracture distresses are
0.008 and 0.010, respectively. .e total effects are 0.244 and
0.261, respectively..e higher path coefficient indicates that the
joint distresses and the vertical distresses are the main factors
affecting the pavement damage. In the joint distresses, the
factor load value of corner peeling is larger, which is 0.846. In
the vertical distresses, the factor load value of interplate slip is
larger, which is 0.730. .ey are a better representative of joint
distresses and vertical distresses, respectively. .e direct effect
of surface distresses on pavement damage is 0.311, the indirect
effect through vertical distresses is 0.026, and the total effect is
0.337. Its path coefficient is the largest, which indicates that it is
the most important factor affecting the pavement damage. In
the surface distresses, the factor loads of surface peeling and
surface cracks are large, which can better represent the surface
distresses.

.e effects of fracture distresses and repair distresses
on pavement damage are low. .is is because the dis-
tresses targeted at the PM of cement concrete pavement
are not necessarily the typical or the most serious dis-
tresses, but the dominant distresses, which are the po-
tential hidden trouble that makes the pavement structure
function decay. .erefore, early distresses of joint dis-
tresses and surface distresses should be paid attention to
first, followed by medium distresses of repair distresses
and vertical distresses, and late distresses of fracture
distresses should not be considered generally. Repair
distresses are essential secondary distresses, which are not
strictly within the scope of PM, so they are not considered.

Joi1 Joi2 Joi3 Fra1 Fra2 Fra3

Fra

Pav Ver

Ver1 Ver2
Sur

Sur1 Sur2

Joi

Rep

Rep1

ε1 ε2 ε3

ε4 ε5
11

1

1

1
11

11

1
1

11

1 1 11 1 1

ξ3

ξ1

ξ2

δ4 δ5

δ6

δ1 δ2 δ3

Figure 3: Path diagram of factors affecting pavement damage.
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Based on the above analysis, this paper finally determined
that four distresses, including corner peeling, surface
peeling, surface crack, and interplate slip, are the domi-
nant distresses in PM of cement concrete pavement of
military airfields in the seasonal frozen area.

4. Determination of Dominant Distresses
Judgement Standard

4.1.ConfusionMatrix. Confusionmatrix is a situation analysis
table that summarizes the result of the classification model in
machine learning and records the data in the form of matrix.
.e row of the matrix represents the judgement value, and the

column of the matrix represents the actual value [29, 30]. .e
basic model is shown in Table 5.

False-positive rate (FPR)� FP/FP + TN, the proportion
of actual negatives that are misclassified.

For the confusion matrix model, the basic evaluation
index, the ROC curve, and the KS curve are generally used to
evaluate it from the aspects of classification ability and
model judgement accuracy.

4.1.1. Basic Evaluation Index. .e basic evaluation indexes
and meanings of the confusion matrix are shown in Table 6
[31].

Table 3: Standardized direct, indirect, and total effects.

Surface distress Vertical distress Joint distress Fracture distress Repair distress
Surface distress
Direct effect NA NA NA NA NA
Indirect effect NA NA NA NA NA
Total effect NA NA NA NA NA

Vertical distress
Direct effect 0.100 NA NA NA NA
Indirect effect 0.000 NA NA NA NA
Total effect 0.100 NA NA NA NA

Joint distress
Direct effect NA NA NA NA NA
Indirect effect NA NA NA NA NA
Total effect NA NA NA NA NA

Fracture distress
Direct effect 0.000 0.150 0.120 NA NA
Indirect effect 0.015 0.000 0.000 NA NA
Total effect 0.015 0.150 0.120 NA NA

Repair distress
Direct effect NA NA NA NA NA
Indirect effect NA NA NA NA NA
Total effect NA NA NA NA NA

Pavement damage
Direct effect 0.311 0.251 0.236 0.065 0.093
Indirect effect 0.026 0.010 0.008 0.000 0.000
Total effect 0.337 0.261 0.244 0.065 0.093

Note. “NA” denotes “not applicable.”

Table 2: Model fit indices of the proposed model.

Measures Fit
index Description Model

index
Recommend
level [28]

Model adaptation
judgement

Absolute fit
measures

χ2/df
Check whether the covariance structure of the model is
adequately the same as the covariance matrix of the

observed data
2.349 <5 Support

GFI Check the overall fit of the model 0.952 >0.90 Support
RMSEA Check the mean value of the covariance residual 0.061 <0.08 Support

Incremental fit
measures

CFI
Examine whether the model fits the observed data better
than the independent model that has no relationships

among variables
0.943 >0.90 Support

NFI Explore the improvement of the overall fit of the model to
the independent model 0.916 >0.80 Support

Parsimonious fit
measures PGFI Examine the overall parsimony of the model 0.72 >0.50 Support
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4.1.2. ROC Curve and KS Curve. .e ROC graphic depicts
the tradeoff between TPR and FPR and drawn on x and y axes
in the l leaner scale. In other words, one classifier cannot
increase the number of true-positives without increasing the
false-positives. In a ROC curve, the x-axis represents the FPR
and the y-axis represents the TPR. Each point on the ROC
curve corresponds to a result of the model. .e best per-
formance model is when the ROC curve passes through or
close to (0, 1). .e point (0, 1) indicates that the model
judgement value is completely consistent with the actual
value. .e combination of a completely random prediction
point will result in a 45° obliquity line, and the corresponding
accuracy of any point on this line is 50%. In the KS curve, the
x-axis represents the sample threshold and the y-axis rep-
resents the TPR and FPR. According to different sample
thresholds, the corresponding TPR and FPR are calculated to
obtain the KS curve. .e maximum value of the difference
between TPR and FPR curve is the KS value, and the cor-
responding threshold is the optimal threshold. Generally, if
the KS value is greater than 0.2, the model is considered to
have good accuracy..e ROC and the KS curves are shown in
Figure 4.

4.2. Construction and Solution of the ConfusionMatrixModel

4.2.1. Model Construction. Combined with the problems
studied in this paper, the definition of “positive” means that
the PM is needed, while “negative” means that the PM is not
needed. Since there was no comprehensive judgement
standard for pavement PM in the current specifications, the
pavement damage index, as a comprehensive dimension
index, can reflect the damage condition of pavement on the
whole..erefore, this paper selected the judgement standard
in PM of pavement damage index. .e qualified data judged
by the standard are the samples that need PM in the actual
value, while the unqualified data are the samples that do not
need PM in the actual value.

Based on the collected dominant distress data, each time
a sample threshold is given, data below the threshold de-
termine that the PM is required, and data above the
threshold determine that the PM is not required [32]. Taking
the corner peeling rate (Pcp) as an example, TP represents the
number of samples that both the judgement value and the
actual value need PM when a threshold value of Pcp is given;
FP represents the number of samples that the judgement

Table 6: Description of evaluation metrics.

Index Calculation formula Description

Accuracy (ACC) Accuracy � ((TP + TN)/(TP + FP + TN + FN))
It refers to the ratio of the number of correctly

classified cases
Precision (positive predictive
value, PPV) Precision � (TP/(TP + FP))

It refers to the proportion of judging positives that are
correctly identified

Recall (true-positive rate, TPR) Recall � (TP/(TP + FN))
It refers to the proportion of actual positives that are

correctly identified
Specificity (true-negative rate,
TNR) Specificity � (TN/(TN + FP))

It refers to the proportion of actual negatives that are
correctly identified

F1 score F1 � (2∗ precision∗ recall/(precision + recall)) It is a tradeoff between precision and recall

Table 4: Factor load values.

Latent variables Observed variables Factor load values

Joint distress
Corner peeling 0.846

Mud 0.379
Joint filler damage 0.391

Surface distress Surface peeling 0.738
Surface crack 0.752

Vertical distress Interplate slip 0.730
Void at the bottom of panel 0.450

Repair distress Secondary distress of the patch 0.624

Fracture distress
Plate fragmentation 0.691

Plate fracture 0.722
Plate angle fracture 0.754

Table 5: Confusion matrix.

Confusion matrix Actual value Positive Negative Total

Judgement value
Positive True-positive (TP) False-positive (FP) TP+ FP
Negative False-negative (FN) True-negative (TN) FN+TN
Total TP + FN FP+TN TP+FP+ FN+TN
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value needs PM but the actual value does not; FN represents
the number of samples that the actual value needs PM but
the judgement value does not; and TN represents the
number of samples that both the judgement value and actual
value do not need PM. .e curves of ACC, PPV, TPR, TNR,
F1 score, ROC, and KS were calculated by selecting different
threshold values of Pcp [33]. .rough analysis of multiple
indicators, the optimal judgement threshold of Pcp was
determined. .e method for determining the optimal
judgement threshold of surface peeling rate (Psp), surface
crack rate (Psc), and interplate slip rate (Pis) is the same as
above. When the optimal judgement threshold of the
dominant distress is obtained, the PM judgement standard
of the dominant distress can be obtained.

4.2.2. Results and Discussion. (1) .e optimal judgement
threshold of Pcp: using the measured data to calculate
through the confusion matrix model, the change of the basic
evaluation index of Pcp was obtained, as shown in Figure 5.

As can be seen from Figure 5, the ACC and the PPV
increase first and then decrease with the increase of the
threshold. When the threshold is 25%, the ACC reaches
0.67. .at is, the sample whose judgement value is con-
sistent with the actual value accounts for 0.67 of the total
sample. .e PPV reaches 0.60. Among the results whose
judgement value is “PM is needed,” the proportion of
correct judgement is 0.60. At the threshold of 35%, the
ACC reaches the maximum value of 0.77 and the PPV
reaches the maximum value of 0.65, indicating that the
probability of correct judgement is relatively large.

.e TPR increases first and then remains unchanged
with the increase of the threshold. When the threshold is

25%, the TPR reaches 0.69. .at is, among the results
whose actual value is “PM is needed,” the proportion of
correct judgement is 0.69. When the threshold value is
35%, the TPR reaches the maximum value of 1. As the
threshold continues to increase, the TPR keeps 1 un-
changed. .erefore, the optimal threshold is 35%–100%.
.e F1 score is a comprehensive judgement index of PPV
and TPR, and its change trend first increases and then
decreases with the increase of threshold. When the
threshold is 35%, there is a maximum proportion of 0.78.

By analyzing the changes of ACC, PPV, TPR, and
other indexes, it can be seen that when the threshold value
of Pcp is 35%, the prediction accuracy of the model is
higher. As an auxiliary indicator, TNR reaches 0.59 when
the threshold is 35%. .at is, among the results whose
actual value is “no need for PM,” the proportion of correct
judgement is 0.59. In the whole process of curve change, it
is within the acceptable range, which verifies that 35% is
the best decision threshold. .erefore, after analyzing the
basic evaluation indexes, the optimal decision threshold is
initially determined to be 35%, and the final decision
threshold should be combined with the ROC curve and
the KS curve.

.e ROC curve and the KS curve of Pcp are shown in
Figure 6.

As can be seen from Figure 6(a), the ACC corresponding
to any point on the upper right 45° inclination line is 50%.
Move along the 45° inclination until the point where the FPR
is the smallest and the TPR is the largest. .at is, the point
closest to the upper left corner, with coordinates of (0.41, 1).
At this time, the model has the highest prediction accuracy,
and the optimal threshold corresponding to the point is 35%.
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As can be seen from Figure 6(b), when Pcp is in the range of
(25%, 45%), the difference between FPR and TPR is greater
than 0.2, indicating a higher accuracy of the model. When
Pcp � 35%, the difference between FPR and the TPR reaches a
maximum value of 0.59. At this time, the model is the most
accurate, and the optimal threshold for Pcp is 35%.

Based on the above analysis of ACC, PPV, TPR, TNR, F1
score, ROC curve, and KS curve, this paper considers that
35% is the most suitable threshold for Pcp. .e scatter di-
agram of L-Pcp is shown in Figure 7. As can be seen from the

figure, when Pcp≤ 35%, most sample points fall within the
range of 3%≤ L≤ 10%. It indicates that at this threshold, the
success rate of correctly determining “need for PM” is
higher. When Pcp> 35%, most of the sample points fall
within L> 10%. It indicates that at this threshold, the success
rate of correctly determining “no need for PM” is also
higher. It is proved that it is reasonable to use 35% as the best
threshold value of Pcp.

(2) .e optimal judgement threshold of Psp, Psc and Pis:
the solution of Psp, Psc, and Pis is the same as that of Pcp. .e
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Figure 6: .e ROC and the KS curves of Pcp. (a) ROC curve. (b) KS curve.
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Figure 8: Variation curve of each evaluation index of Psp. (a) Basic evaluation index curve. (b) ROC curve. (c) KS curve. (d) L-Psp scatter
diagram.
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Figure 9: Variation curve of each evaluation index of Psc. (a) Basic evaluation index curve. (b) ROC curve. (c) KS curve. (d) L-Psp scatter
diagram.
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basic evaluation index curve, ROC curve, and KS curve and
scatter diagram of the three indexes are shown in
Figures 8–10..e optimal threshold values of Psp, Psc, and Pis
are 30%, 8%, and 0.5%, respectively.

4.2.3. Determination of Dominant Distress Judgement
Standard. .rough the above analysis, the lower limit value
of the judgement threshold of corner peeling rate, surface
peeling rate, surface crack rate, and interplate slip rate was
determined.When one of the four indexes is greater than the
corresponding threshold value, the failure speed of pave-
ment will be intensified. It is not suitable for the PM and
requires medium repair or major repair. When the four
indexes are at a good level because the corresponding in-
dexes only represent a type of pavement distress, they cannot
reflect the overall damage condition of pavement. It is
impossible to judge whether the pavement needs PM from a
single index, and it needs to be determined together with
other indexes. .erefore, it is of no practical significance to
set the upper limit value of a single index. After analysis, the
judgement standard of the dominant distress of pavement
PM were determined (corner peeling rate≤ 35%, surface
peeling rate≤ 30%, surface crack rate≤ 8%, and interplate
slip rate≤ 0.5%).

.e judgement standard of each index determined in
this paper can also be combined with the corresponding
prediction model. After the solution, the corresponding
PM time period is obtained, and then, the best time in PM
of pavement is determined by the method of set theory. It
can provide basis for pavement PM decision-making and
promote the popularization and application of PM
technology in pavement management of our military
airport.

5. Conclusion

Preventive maintenance measures have obvious regional
characteristics. Scientific and reasonable preventive main-
tenance research must be carried out in specific areas. In
China, the seasonal frozen areas are widely distributed, with
complex climate characteristics, a large number of airports,
and complex distress characteristics. It is typical to select the
seasonal frozen area as the preventive maintenance research
area of this paper. On this basis, the research on the
dominant distresses and its judgement standard of military
airport cement concrete pavement based on preventive
maintenance was carried out.

According to the survey data of the influential factors of
pavement damage collected in this paper, the SEM was
constructed and the path coefficient was estimated. .e
applicability and rationality of the model were verified by six
statistical tests. It can be concluded that joint distresses,
surface distresses, vertical distresses, repair distresses, and
fracture distresses have a positive impact on pavement
damage. After analyzing, the dominant distresses affecting
the preventive maintenance of cement concrete pavement in
military airports in the seasonal frozen area are corner
peeling, surface peeling, surface crack, and interplate slip.
.e key content of the preventive maintenance research of
the pavement is determined, which can provide a basis for
the determination of the preventive maintenance judgement
standard.

Based on the dominant distresses that affect the pre-
ventive maintenance of pavement, the confusion matrix
model was constructed..e basic evaluation index, the ROC
curve, and the KS curve were used to determine the pave-
ment preventive maintenance judgement standard of corner
peeling, surface peeling, surface crack, and interplate slip
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from multiple evaluation angles. .is judgement standard
can be used to determine the best time for preventive
maintenance of cement concrete pavement and provide
pavement maintenance managers with the support of de-
cision-making in the military airport. It can promote the
scientific management of pavement maintenance and the
establishment of an active pavement maintenance man-
agement system of the military airport.

However, this study has some limitations. .ese data are
from military airports in Northeast China, such as Hei-
longjiang Province, Jilin Province, and Liaoning Province.
.e applicability of these data outside Northeast China is
still uncertain. .e specific parameters vary from different
regions. .e preventive maintenance judgement standard
established in this paper also varies from place to place,
which is only for reference. In practical application, cor-
responding adjustments should be adjusted according to the
characteristics of different regions.
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