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Abstract. In order to study the bearing performance of the new prefabricated
airport pavement panel (PAPP) structure, a three-dimensional finite element model
(3D-FEM) of "square PAPP - stratum" was established based on ABAQUS finite
element analysis platform, and then the mechanical and deformation performance
analysis under single wheel various limit load positions was carried out. The
research showed that the influence radius was less than the side length R of the
panel, The maximum opening or minimum compression of the joint under single
wheel conditions was very small, and the maximum principal stress value of the
precast concrete panel was an important key control factor for the ultimate load-
bearing capacity. Under the action of vertical load, the tenon and groove joint
connects multiple independent prefabricated panels to form a whole through
mutual occlusal action. The research work provided a useful reference for the
design and construction of PAPP.
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1. Introduction

Airport runway panel is an important structural carrier to ensure the safe take-off and
landing of aircraft, in many application scenarios such as emergency rescue, military
war, non-stop construction of airport roads, and rapid repair, more advanced technical
process methods and shorter construction time are put forward for the rapid
construction (repair) of airport road panels. Compared with the traditional cast-in-place
structure construction process, the fabricated structure construction process has many
advantages, such as industrialized, high-quality production, rapid on-site assembly, less
wet operation, production and construction are not affected by weather and season,
little impact on the social environment, short construction period and less maintenance
in the later stage.

There are relatively few typical projects that use prefabricated technology for
construction or testing in airport road engineering. The former Soviet Union took
prefabricated panels and prestressed technology to build the airport runway [1]. Japan
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used prefabricated panel technology to build airport runways and popularized this
technology to the terminal container yard [2]. The U.S. military has conducted many
tests to quickly repair the damaged airport pavement by using prefabricated panel
technology, and has obtained a series of test results and application experience [3-5].
At the end of 1990s, some commercial airports in North America tried to repair some
airport runways with prefabricated panel technology and achieved good application: St.
Louis Lambert International Airport [6], Washington Dulles International Airport [7-8],
LaGuardia International Airport [9], Dallas — Fort Worth International Airport [10] and
Vancouver International Airport [11]. Compared with foreign research, domestic
research on prefabricated airport runway is still at the initial stage [12-14].

Based on ABAQUS finite element analysis platform, this paper establishes a three-
dimensional finite element model (3D-FEM) of a new type of "square PAPP-stratum",
and conducts comparative research on the key indicators such as mechanics,
deformation and joint change of prefabricated panel structure under the action of single
wheel load at the limit load level under multiple cases. The study hopes to provide
scientific basis and engineering references for the design and construction of PAPP.

2. 3D-FEM

The pavement panel structure includes reinforced concrete precast panel, tenon and
groove joint, panel rebar, prestressed rebar, etc. The panel to panel is connected with
tenon and groove structure. The precast panel concrete is C40, and the upper and lower
layers are arranged in the panel ¢ 12 distributed rebar, three reserved in the vertical and
horizontal directions ¢ 20 prestressed rebar ducts shall be pre tensioned by post
tensioning method during construction. The prestressed PAPP structure is shown in
figure 1.

Prefabricated pancl

Base

Cushion

Soil base

Figure 1. Prestressed PPAP structure.

A 3D-FEM of "square PPCP- stratum" is established as shown in figure 2. The
stratum is divided into soil base layer, cushion layer and base layer from bottom to top.
There are nine square assembled panels in total. The prefabricated panels are
assembled by the combination of tenon and groove butt joint and prestressed rebar
connection. The square panel and prefabricated panel base contact parts are set with
contact surfaces to simulate the interaction and the Coulomb friction constitutive is
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adopted for the contact surface. The prestressed rebar and the rebar in the panel are
simulated by placing the embedded function in the concrete. In order to study the
ultimate load condition of the model, the prestressed rebar is considered as the long-
term prestressed loss to zero, i.e., no prestressed is favorable to the design. Since plastic
damage is not allowed in normal operation of the airport road panel, elastic constitutive
model is adopted for reinforced concrete panel model, solid element simulation is
adopted for concrete panel and stratum.

vt

Figure 2. 3D-FEM of "square PAPP-stratum".

Material properties as shown in table 1. The four sides of the model stratum are 0.5
m larger than the outer sides of the nine prefabricated panels.

Table 1. Material properties of FEM.

Densi Young's Poisson's Diameter /
Name Material (k /m?)/ modulus ratio Thickness
& (GPa) (mm)

Concrect C40 2500 32.5 0.15 -
Prestressed HRB335 7500 206 0.25 020
rebar
Rebar in panel ~ HRB335 7500 206 0.25 ol12
Base Cement stabilized g, 6 0.20 400

materials
Cashion Graded crushed 1950 0.3 0.30 400

stone
Soil base Clay / silt 2010 0.1 0.35 600

According to the Specifications for Airport Cement Concrete Pavement Design of
China (MH / T5004-2010), Boeing B-737-900 is selected as the model load analysis
model, and the tire pressure of the main landing gear is 1.47 MPa, the length of the
wheel printing is L; = 495 mm, and the width of the wheel printing is W = 297 mm.
The critical load position conditions of aircraft wheel printing on prefabricated panels
are shown in table 2, includes 8 critical load position conditions. Figure 3 shows the
schematic diagram of wheel printing on critical load position of case Z-4, the other
cases are similar.



612

P. Ding et al. / Analysis of Ultimate Bearing Capacity of Prefabricated Airport Pavement Panel

Table 2. Analysis of critical load condition.

Action side

Action side

Relationship between wheel Surface

Case (corner / (tenon / printing and panel side load Note
midspan) groove) (parallel / vertical) (MPa)

Z-1 Corner Groove Parallel 1.47 Same as Z-6
7-2 Corner Groove Vertical 1.47 Same as Z-5
Z-3 Midspan Groove Parallel 1.47 -

Z-4 Midspan Groove Vertical 1.47 -

Z-5 Corner Tenon Parallel 1.47 Same as Z-2
7-6 Corner Tenon Vertical 1.47 Same as Z-1
Z-7 Midspan Tenon Parallel 1.47 -

Z-8 Midspan Tenon Vertical 1.47 -

Side of tenon

Corner

Groove

Midspan

Side of groove

Figure 3. Schematic diagram of wheel printing on critical load position of case Z-4.

3. Result Analysis

In this section, the extreme nephogram is given by taking the case of Z-2 as examples.
Table 3 shows the results of the critical load level under all cases.

Table 3. Action results of critical load.

Concrete panel Prestressed rebar Rebar in panel Stratum
Case MA MI MS i\:l(())‘ ??51 MA MI MS MA MI MS MS ::me
(MPa)  (MPa)  (mm) mm) mm) (MPa)  (MPa)  (mm)  (Mpa) (MPa)  (mm)  (mm)
Z-1 1.59 3.65 031 5.34 4.64 2.56 0.80 0.30 10.28 6.08 0.30 0.30 Z-6
Z-2 222 223 0.30 5.30 4.74 2.16 0.97 0.30 8.11 6.54 0.30 0.30 Z-5
Z-3 1.37 1.83 0.30 1.12 224 1.92 0.89 0.29 5.94 5.03 0.29 0.29 -
Z-4 1.34 1.68 0.29 1.11 2.00 1.70 0.82 0.29 5.53 5.52 0.29 0.28 -
Z-5 222 223 0.30 5.30 4.74 2.16 0.97 0.30 8.11 6.54 0.30 0.30 Z-2
Z-6 1.59 3.65 031 5.34 4.64 2.56 0.80 0.30 10.28 6.08 0.30 0.30 Z-1
Z-7 1.45 1.91 0.30 1.51 2.04 3.13 1.34 0.29 6.15 5.24 0.29 029 -
Z-8 1.41 1.84 0.29 1.57 1.85 2.72 1.30 0.29 5.90 5.13 0.29 0.29
Limit 2.39 26.8 - - 300 300 - 300 300 - -
Result Satisfy Satisfy Small Small Small Satisfy Satisfy Small Satisfy Satisfy Small Small

Note: MA-Maximum principal stress, MI-Minimum principal stress, MS-Maximum settlement, MO-
Maximum opening of contact surface, MC-Maximum compression of contact surface.
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According to the mechanical properties of the model material, the maximum
principal stress (MAPS) can be used to judge the tensile condition of the model
structure, and the minimum principal stress (MIPS) can be used to judge the
compression condition of the model structure. Figure 4 shows the nephogram of the
extreme value of the principal stress of the prefabricated panel. It can be seen from
table 3: the ultimate load position of prefabricated panel is Z-2/5, the MAPS is 2.22
MPa, and the MIPS is 2.23 MPa, it can be seen that the extreme value of the principal
stress of the prefabricated panel meets the limit value of the current specification. In
combination with the characteristics of excellent compressive performance and poor
tensile performance of concrete, the control item of the prefabricated panel is the
maximum principal stress.

S, Max. Principal

(a) Z-2 MAPS 2.22 (b) Z-2 MIPS 2.23

Figure 4. Z-2 extreme values of principal stress of prefabricated panel (MPa).

Figure 5 shows the nephogram of the principal stress extreme value of the
prestressed rebar. The ultimate load position of prestressed rebar under single wheel
action is Z-7 case, the MAPS is 3.13 MPa, and the MIPS is 1.34 MPa; the extreme
value of the principal stress of the prestressed rebar is small, which is far less than the
limit value of the current specification. The prestressed rebar still has large design
redundancy under the action of single wheel limit load positions.

5, Max. Principal S, Min. Principal
Rel. radius = 1.0000, Angle = -90.0000 E us = 10000, Angle = -90.0000

(a) MAPS 2.16 (b) MIPS 0.97

Figure 5. Z-2 principal stress extremum of prestressed rebar (MPa).

Figure 6 shows the nephogram of the principal stress extreme value of the steel
rebar in the panel. It can be seen from table 3: the ultimate load position of the rebar in
the panel is under the case of Z-1/6, the MAPS is 10.28 MPa, and the compression is
under the case of Z-2/5, and the MIPS is 6.54 MPa; the extreme value of the principal
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stress of the rebar in the panel is small, far less than the limit value of the current
specification. The rebar in the panel still has large design redundancy under the action
of single wheel limit loads.

S, Max. Principal S, Min. Principal
el radius = 10000, Angle = -$0.0000 Rel. radius = 1.0000, Angle = -90.0000

(a) Z-2 MAPS 8.11 (b) Z-2 MIPS 6.54

Figure 6. Z-2 extreme values of principal stress of rebar in panel (MPa).

Figure 7 shows the extreme nephogram of deformation (settlement) under the
condition of ultimate load level. It can be seen from table 3: the maximum settlement
of ultimate load level of prefabricated slab under the action of single wheel is 0.31 mm
under the conditions of Z-1/6. The maximum settlement of prestressed rebar is 0.30
mm under Z-1/2/5/6 working conditions. The maximum settlement of rebar in the slab is
0.30 mm under Z-1/2/5/6 working conditions. The maximum settlement of stratum is
0.30 mm under Z-1/2/5/6 working conditions. In conclusion, the settlement of the new
prestressed PAPP structure system is small and has excellent settlement resistance
performance.
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(c) Z-2 rebar in panel 0.30 (d) Z-2 stratum 0.30
Figure 7. Extreme values of deformation (settlement) under limit load position condition (mm).
The biggest difference between the fabricated pavement and the cast-in-place

pavement is that there are panel-panel joints and panel-stratum joint. The joint opening
and compression deformation are important control indexes for evaluating the
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structural system. The COPEN function of ABAQUS software can be used to check the
opening and compression deformation of the contact surface under the load, so as to
judge the deformation of the joint. Figure 8 shows the extreme values of contact
surface opening and compression. It can be seen from table 3 that the maximum
opening of panel-panel joints and panel-stratum joint under single wheel action occurs
in Z-1/6 case, which is 5.34 x 103 mm.

e

Figure 8. The maximum opening of Z-2 contact surface is 5.30 and the maximum compression is 4.74
(unit: 10 mm).

To sum up, it can be seen from the analysis and comparison of the influence range,
control factors and bearing performance of single wheel cases: (1) the calculation
results of single wheel limit load positions show that the most unfavorable limit load
position is the condition that the panel corner, side face of the panel are tenon and
groove, and the wheel printing is perpendicular to the side face; (2) the influence radius
of the most unfavorable limit load position of single wheel (Z-2/5) is less than 0.5 R,
affecting 8 panels around; (3) the design of the connection of the prestressed rebar and
the tenon and groove structure between the panel and the panel has a better function of
spreading the concentrated load of a single panel to the surrounding adjacent panels in
a circular manner, and being uniformly and jointly carried by the adjacent panels,
highlighting the mechanical and bearing advantages of the connection of the
prestressed rebar and the tenon and groove under the action of multiple wheels of the
single panel; (4) the mechanical properties of the new prestressed tenon and groove
connection PAPP meet the requirements of the current specifications and have excellent
mechanical bearing performance.

4. Conclusions

In this paper, a 3D-FEM is established for the new type of prestressed tenon and
groove connection PAPP structure, and the numerical simulation analysis of the critical
load position of single wheel under multiple cases is carried out. Study the mechanics,
deformation and joint deformation performant, and the following understandings are
obtained:

(1) The calculation results of single wheel limit load positions show that the most
unfavorable limit load position is the condition that the edge corner and side face of the
panel are tenon and groove, and the wheel printing is perpendicular to the side face.
The influence radius of the most unfavorable limit load position of single wheel (Z-2/5)
is less than 0.5 R, affecting 8 panels around.
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(2) The connection design of prestressed rebar and tenon and groove structure
between panel and panel has a good function of spreading the concentrated load of a
single panel to the surrounding adjacent panels in a circular manner and uniformly
bearing by the adjacent panels.

(3) The mechanical properties of the new prestressed tenon and groove connection
PAPP meet the requirements of the current specifications and have excellent
mechanical bearing properties.
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